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One of the basic skills required of high-school chemistry students is

problem solving. Students frequently lack proficiency in this area yet little

research has been conducted that examines strategies that might be used to im-

prove ,students' problem solving skills. An even more basic area Xhat has not

been investigated is the identification and synthesis of those processes stu-

dentsluse in solving chemistry' problems.

`This project contained two major components. The first centered on in-

structional strategies that can be used in teaching students to solve chemistry

problems to determine their relative effectiveness for different areas of

chemistry. The second consisted of recording and analyzing students' thought

processes while solving various types of chemistry problems. Each of these

components will be considered sepatately in this report.

APTITUDE BY TREATMENT INTERACTION STUDY

The major purpose for conducting this study was to determine whether

certain types of instructional strategies were superior to others in teaching

high school students'.problem solving in four topics integral to every chemistry

course. These topics were the mole concept, the gas laws, stoichiometry, and

molarity. In all four areas, the problems require similar algebraic and pro-

portional reasoning skills. Also of major interest Was whether particular

strategies would be more effective for students having different verbal-visual

preferences, different levels of mathematics anxiety, and varying proportional

reasoning ability.

Background Information

Instructional Strategies

The effectiveness of four instructional strategies that are commonly used



in high school,chemistry courses was compared. These were: the factor-label

method, the use of analogies, the use of diagrams, and proportionality.

The use of these four strategies can be seen in relation to the summary

of memory structures and learning outcomes presented by Gagne and White (1978).

They posulated that four memory structures lead to knowledge stating and rule

application. as shown in Figure 1. In this research, rule application is of

particular interest because it is made manifest in the problem solving ability

of the students.

Of the four types of memory structures postulated by Gagne and White, two

are directly related to the instructional strategies employed in this study.
a

The memory structure entitled "images" is of particular importance because:two

of the teaching strategies used as treatments present to the student images that

may aid his/her problem solving skills (rule application). These strategies are

the use of analogies in which chemical species are compared to physical objects,

and the use of diagrams that represent the steps in problem-solving processes.

The other two strategies, the factor-label method and proportionality, are related

to the memory structure called intellectual skills. These two methods attempt to

instill in the student systemmatic procedures for problem solving. 'Once acquired

by the student, each could 1)e called an intellectual skill.

The major difference in the four strategies-is that in the first two cases,

emphasis is placed on the student's image forming capability. The student can

then use this in conjunction with the intellitual skills that he formulates and

that are not stressed in the instructional units. In the latter two cases, th?

acquisition of the intellectual skill is directly taught but without the aid of

imaginal adjuncts.

Verbal-Visual Preference

As mentioned in the previous section, two of the instructional strategies

involved the use of images. 1hr work of Paivio (1969, 1971) has been the basis
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for much of the renewed interest in mental imagery. In his review article (1969)

and in-his book (1971) he has shown that the imagery envoking ability of nouns

was separate from the previously used idea of meaningfulness.. His theory class-
.

Hies nouns as either being 'abstract' (lacking in imagery_envoking ability) or

'concrete' (high in imagery envoking ability). He posulates a dual coding model

hypothesis of independent verbal and imaginal memov coding structures, His

later experiments with Csapo (1973) tended to supporthis dual coding hypothesis.

Other theorists have discussed imagery to some extent. Bruner, et al. (1966)

tends to view imagery (iconic representation(as a more primitive state of

thought than verbal processes, (symbolic representation). in their view, the

imagery function diminishes as the verbal processes stabilize (age7-8). Piaget

(Piaget and Inhelder, 1971) takes a view more along the lines of Paivio's dual

coding model. While Piaget suggests twat the imagery ability of children goes

*through stages in somewhat a similar fashion to verbal ability, he indicates

both modes of representation are available and used depending on the learning

situation. Work by Forisha (1975) in which she measured the relationship between

imagery ability and verbal'ability and its change with age tended to support

Piaget/Paivio theory of independent abilities instead of the Bruner theory.

The recent ACT model 6f cognitiOn developed by Anderson (1976) tends to

'take a more propositional view of- the representation of knowledge. While he

states his model does not completely refute the dual coding hypothesis of

Paivio he indicates that many of the results that have been found to support

the dual coding hypothesis may be explained by a propositional network repre-

sentation (p. 23, 394, 404).

A slightly different approach to the theory of cognition is taken by

Munro and Rigney (1977) . 'heir model , labeled schema tiwory, is less centralized

,thark ihe Anderson-model and allow the flow of processipg control to'be determined

by the interactions among the conceptual entities (schemata) that make up the model.

11 .
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Imagery could be considered to be interactions among schemata at a deep level

of INcessing.

Several studies by Holliday and his associates have looked at comparisons

of imagery and verbal- instructional strategies. in science instruction. In

three studiel by Holliday (1975, 1976a,b) the results libint towards the super-
"'114

iority-of a dual presentation of verbal aus diagram techniques versus strictly

Verbal piesentations. Other studieS by Holliday and Harvey (1976) and Holliday,

Brunner and Donais (1977) tend.to support the dual coding model although ordinal

interactions with verbal ability in some studies (Holliday; 1976; Holliday,

Brunner and Donais, 1977) made direct interpretation difficult.
. ,

Earlier work by Weisberg (1970), Dwyer (1972)', and Arnold and Dwyer (1975)

also,tends to support the claim that. both adults and children learn scientific

concepts better when pictures or images are presented. As with''the previous

studies, however, these experiments did not deal with problem solving.

Studies in.which problem solving was the instruction being undertaken are

less common in the literature. Ernest (1977), in her imagery review article,

denotes only one page of thirty-five to the topic on imagery and-problem solving.

Early work by Frandsen and Holder (1969) used a spatial relations test as

the measure of imagery and then developed instruction for experimental versus

noninstructional control groups. Significant gains were made by the instructed

group over the contra groin but only for low spatial ability students.

Dreistadt's (1969) use of 'visual pictorial analogies' produced sj.gnificant

results for students who had the analogies as compared to the control group. This

is consistent with the results of Atkinson's (1975; Atkinson and Rough, 1975)

1.ork with analogies and second language learning. Although the analogies used

by Atkinson were,, not visual they were of a nature such that students using them

usually produced an image of the foreign word 'in a visual situation. Atkinson

.

uses the example (1976) of the Spanish work for duck pato (pronounced "pot-o").

"Ile English 'keyword' is pot and the student is encouraged to visualize a duck

12



with a pot on its head. Strong results have been shown for this 'ke rr

6

technique for both Spanish and Russian ocabulary".'

Other studies 1i which an imagery component has seemed to make a differ-

ence are Shaver, Pierson, and Lang's (1974) work on syllogistic reasoning

problems and their relationship to imagery and the computer- generated graphics

experiments of Rigpey and Litz (1976). %aver et al. showed that spatial type

problems resulted in-fewer errors and Rigney and Lutz's experiments indicated

that verbal-graphical instruction was superior to verbal instruction on a

chemistry concept.-_

In summary, the literature indicates that the\use of techniques that allow

mental imagery as an alternate method of coding are superior to strictly verbal

techniques for many students. However, neither the dual coding hypothesis or

the propositional network theories can completelyrexplain,all results.

Mathematics Anxiety

In the past few years there has been increased interest in mathematics

anxiety. Ausiander(1977), Blum (1977), Mitzman (1976) , Sells (1978) and Tobias

(1974) have shown that persons suffer from anxiety that is stimulated when they

are in mathemktical problem solving situations.

The relationship between mathematics anxiety and science achievement has

been investigated for subject areas other than chemistry. Barnes (1977) has

shown that mathematics anxiety is a predictor o. .emester grades for lower

division college physics students. Sherwood and Gabel (1980) found that it

was a weak predictor of success ir, a basic scipnce skill course for prcservice

elementary teachers. Because success in chemistry involves being able to solve

mathematical problems, it is likely that mathematics anxiety and success in

chemistry are positively correlated.

Proportional ReasoigAybilitiir

Examination of the problems involved in chemistry shows that the great

13 a
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majority -of 'them require students to use proportional reasoning (Wheeler and

Kass, 1977). Chemistry students, however, find these kinds of problems most

difficult to solve. Data obtained in the study by Gabel and Sherwood, (1979)

Showed that slot only the questions the students found most difficult were 5696

problems, but that every problem involVed proportional thinking. This finding,

however, comes as no surprise because proportional reasoning according to Piaget

(Inhelder and Piaget, 1958) is the most primary schema th.characterizes the

formal operational stage of development. Yet recent evidence indicate that at

. least 50% of high school students do not operate on the formal operational level

(lliapetta, 1976; DeCarcer, et.al., 1979; Karplus and Peterson, 1970; Lawson and

Renner, 1974; Lovell, 1961; Lunger, 1965; Woliman and Karplus, 1974).

In the past few years there has been an increased interest by science

educators in examining more closely reasons why students have difficulty using

the.pToportionality schema (Karplus, Karplus and Wollman, 1974; Wheeler and

Kass, 1977) and in devising training programs that are effective in teaching

the schema (Kurtz and Karplus, 1979; Woliman and Lawson, 1978). In the latter

two studies favorable results were obtained with seventh graders and prealgebra

ninth and tenth graders, but the improvements were made in relation to mathematics,

nrt proportionality as applied to science.

the most comprehensive s'udy of chemistry and proportionality has been re-

ported by Wheeler and Kass (1977). They found that success in chemistry (par-

s ticulaYly problem-solving) was dependent on students proportional reasoning

ability and that frequ( itly students used an additive approach to solving chemistry

problems. In the conclusions of this study they suggested, as did Herron (1975),

that the use of the factor-label method may aid students in overcoming this pro-

portionality handicap in problem solving.

This study tested not only the effectiveness of the factor-label method

for use in problem solving but three other methods as well. The two more ,

14
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visual approaches (analogies and diagrams) might be considered more concrete

than the verbal approaches and may be more effective for concrete learners

(students with low proportional reasoning ab' _ty). Although recent studies

have shown that concrete methods of instruction enhance science achievement in

general for both formal and concrete students (Gabel and Sherwood, 1980a,b;

Gerson ti Primrose,, 1977; Goodstein and Howe, 1978; Renner and Paske, 1977;

and Sheehan, 1970), specific application to problem solving in chemistry has

not been addressed, and differential results are feasible.

The fourth method for teaching problem solving was using proportionality.

Oiln the surface it would apprear that this method would be most positively

correlated with students' proportional reasoning ability.

Questions Studied in the Aptitude X Treatment Interaction Study

The following questions were addressed in this study:

1. Are there differences in chemistry problem solving ability as measured

by scores on immediate and delayed posttests for the selected topics and on a

final examination according to students' proportional reasoning ability?

2. Are there differences in chemistry problem solving-ability as measured

by scores on inmediate and delayed posttests for the selected topics and on a

final examination according to students' verbal-visual preference?

3. Are there differences in chemistry problem solving ability as measured

by scores on immediate and delayed posttests for the selected topics and on a

final examination according to students' level of mathematics anxiety?

4. Are there differences in chemistry problem solving ability as measured

by scores on immediate and delayed posttests for the selected topics and'on a

final examination according to the teaching strategy employed?

5. Are there any interaction effects between the teaching strategy employed,

students verbal-visual preference, students' mathematics anxiety level and

students' proportional reasoning ability that result in differences in chemistry

15
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problem solving ability as measured by scores on immediate and delayed post-

tests on each of the four topics and on a final examination?

0. Are there any differences in chemistry problem solving ability as

measured by scores on the sum of transfer items of the posttests according to

teaching strategy employed, students' verbal- visual preference, students'

mathematics anxiety level, and students' proportional reasoning level.

7. Are there any differences in chemistry problem solving ability when

the problems contain decimals, according to teaching strategy employed,

students' verbal-visual preferences, students' mathematics anxiety level,

and students' proportional reasoning level?

8. Are there any differences in chemistry problem solving ability as

measured by the ACS-NSTA Chemistry Achievement Test according to the amount of

notation students used in solving the problem?

9. Do students who solve a chemistry problem taught by different

strategies van' in amount of the notation they use to solve the problem?

10. Are there any differences in the amount of time spent in completing

a lesson on the gas laws or molarity where the teaching strategy is mismatched

will the students' verbal-visual aptitude versus when it is matched?

11. Are there any differences in the time.spent in completing a lesson

on the gas laws or molarity when the teaching strategy is mismatched with

the students' proportional reasoning ability?

Methods and Procedures

Experimental Design

The design used for this Aptitude by Treatment Interaction experiment was

basically a "Posttest only Control Group Design" described by Campbell and

Stanley (1963, p.25). Figure 2 summarizes the design.

Sample

The minimum number of subjects that Cronbach and Snow (1977, p.46) recommended

1t;
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Where: A = Aptitude measures (proportional reasoning test, mathematics anxiety test, and

verbal-visual preference).

R = Random assignment of subjects to treatments.

WXYZ = The instructional treatments on the four chemistry topics (moles, gas laws,

stoichiometry, and molarity. Subscripts indicate the four treatments,

factor-label, analogies, diagrams, and proportionality).

01 -04 = Immediate posttests given after each lesson. These scores were summed for

the analysis.

0
5

= Delayed posttests.

0
6
= ACS-NSTA Examination in High School Chemistry.

.

Figure 2 . Summary of design for aptitude x treatment interaction study.
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for aptitude by treatment interaction studies is 100 per treatment. Permission

was obtained gran ten teachers and their school corporation/principals in eight

school corporations in central and southern Indiana to participate in the experi-

ment. The school systems involved included a wide range of school types, i.e.,

rural/small towns, moderate size cities, suburban and inner city. Three schools

could be considered to be rural/small town high schools (school population 1000

or less). These three schools represented approximately 241--df-thtotai-s-ample

Three schools were from moderate size cities (school population 1200-1800). These

represented approximately 50% of the sample. One school was in a suburb of a

major metropolitan area (school population approximately 1400). This school r.-

presented.approximately 1t% of the sample. The'final school was an inner city

school from the same metropolitan area as the previous school (school population

over 2000). This school represented 10t of the sample.

From these schools, 609 students in first year chemistry classes were

administered the aptitude measures. Due to schedule changes, absences, and

missing data, 421 students completed the entire experimenf\ Individual per-

mission from the student and/or parent was obtained before the commencement of

the treatments. Copies of principal/school corporation forms, student per-

mission forms, and Human Subjects Summary Safeguard Statements are included in

Appendix A.

In addition to obtaining written consent from each school, the principal

investigator had a conference with the principal in each of the eight schools.

Its purpose was to describe the objectives of the experiment and clarify pro-

cedures that would be used.

Measurement of Verbal-Visual Preference

Students' verbal-visual preference was measured by a modification of the

Paivio Individual Differences Questionnaire (IDQ). A factor analytic study

recently reported by. Paivio (1979) indicated a strong two factor solution for a



12

54 item subset (31 verbal, 23 imagery) of the 86 item questionnaire. Paivio's

scoring method of producing a verbal and an imagery score, for each person was

followed. Because the instrument utilizes a true-false format, subjects were

given one point of their verbal score when they agreed with the scoring key on

a verbal item and one point on their imagery score for agreement. Items which

did not agree were ignored.

While no direct measurement of reliability was reported by Paivio in the

original development 01911, p. 49S)-or in the recent factor-analy_tir_sthrly

a shortened form (15 items) used by Richardson (1977) had a reliability of

0.93 using the test-retest method. Paivio did report a correlation of greater

than 0.9 between the 54 item instrument and the longer 86 item instrument. Alpha

reliability based on our data of the verbal scale was found be to .84 and of
s.;

NN

the visual scale .73.

The paper and pencil format of the test allowed adiminstration in a relative-
,

ly short time span (approximately 20 minutes). Items were coded directly on

optical scan coding sheets. Appendix Bcontains the modified IDQ and directions

for administration. Students were administered this instrument during the first

three weeks of school in seven of the eight schools. (The inner city school was

not session due to a labor dispute and the administration was delayed until

the end of the semester.)

Measurement of Mathematics Anxiety

The Mathematics Anxiety Rating Scale was used to measure students' mathe-

matics anxiety. This instrument is a 98 item,self-rating scale in which students

are asked to describe their anxieties as they currently exist. Each item on the

scale represents a situation that may arouse anxiety within the subject. The

subject decides the degree of anxiety aroused and marks the corresponding amount

(not at all, a little, a fair amount, much, or very much) on the instrument. In

order to facilitate scoring, students marked answers directly on optical scanning

19
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sheets instead of,on the copies of the instrument. A copy of the MARS which

was developed by Suinn, is found in Appendix B.

Administration of the scale required approximately 20 minutes. Teachers

selected their own preferred of administration during the first semester.

The alpha relability of the scale was found to be .97.

Measurement of Proportional Reasoning Ability

The proportional reasoning section of the Stayer (1978) instrument offered

a compromise between conducting Piagetian interviews with each student and ad-

-------
fliinistering a strictly paper and pencil instrument.- -The-ideal s-ituation-would_ _

be to administer clinical interviews to the students. The number of subjects,

however, did not make this approach practical. The video -tare format with a

written response sheet was used in a modification of the Stayer instrument.

In order to increase the number of items, more tasks were added to the Stayer

instrument. These were the "two cylinder task" of Lawson's (1978) overall test

of formal operations and the "disks task" developed by Wellman and Lawson (1978).

The developers of these tasks indicated that they had strong content validity

and the tasks were well suited to a video-tape presentation. Bady (1978) has

indicated that multiple tasks are needed for Piagetian task tests.

Stayer (1978) included both reasoning tasks (Mr. Short-Mr. Tall and the --

Balance Beam) for a total of eleven questions. The addition of the two tasks

allowed for ten additional numerical and reasoning questions making a total of

21 questions: The coefficient alpha reliability estimate was .85.

Administration time for the instrument was approximately 30 minutes.

Appendix B contains the written portion of the instrument and administration

instructions. The test was administered during the sale day that the verbal-

visual questionnaire was given.
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Measurement of Problem Solving Ability

Problem solving ability was measured in five different ways. These were

by immediate posttests, delayed posttests, the ACS-NSTA Chemistry Achievement

Test, transfer items from the delayed posttests, and decimal items from the

imnedidte posttests. Each will be discussed separately.

Immediate Posttests. Students' immediate ability to solve numerical

chemistry problems for each unit of instruction was measured by their scores

on short tests given afer each lesson within a given unit. Each of the four

units (moles, gas laws, stoichiometry and molarity) contained three or four

lessons that to one to two days to Lomplete. When a-student ci.impleted_ a

lesson, he was administered a multiple choice test of 4 6 items that con-

tained problems similar to those taught in the lesson. Although the test

questions for each treatment were identical, a short reminder of the treatment

technique was printed at the top of the first page of each test. This was

done in order to encourage students to learn to solve the problems by the

method presented in their own booklets and to discourage exchanging booklets

with their friends.

Due to the short length of these tests, their proximity of administration,

and their similar domain of instruction, scores from tests on individual lessofis

were summed to produce an immediate posttest score for each unit. The qpes

of items on these immediate posttest were similar for all units in that two of

the items on each of the tests were always the same in content but differed in

that one problem presented data in decimals whereas the other did not.

All of the test items were critiqued by a chemist and two chemistry

educators (not associated with the development) for accuracy ands appropriateness

ar the unit. The chemical educator reviewers' commits are found in Appendix C

Copies f the tests are found in Appendix D and in Appendix N inserted after

N,
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each instructional unit. An item analysis is found in Appendix D. Table 1

gives the reliability and composition of each of the unit posttests.

Delayed Posttests. Within two weeks after completing all lessons in a

given unit, teachers administered the delayed posttests for each unit. This was

a ten item multiple choice test that containe problems similai to those taught

in the unit and in the immediate posttests. These items were also scrutinized

by a chemist and chemistry educator.

On every test at least one transfer item was included. This was a problem

that had never been presented in the instructional unit but theStudent should

have been able to answer if he understood the material that had been presented.

Table 2 gives the reliability of the delayed posttests. Copies of the unit

tests are found in Appendix D. They occur also at the end of each unit in

Appendix N. Item analysis are contained in Appendix D. Reviewers' comments

-on test items appear in Appendix C.

ACS-NSTA Chemistry Achievement Test. The ACS-NSTA Cooperative Examination,

High School Chemistry Form 1975, Part I was administered by classroom teachers

during the final month of the school year after all four instructional units had

been completed. In several scbools both the regular and scrambled version of the

test were given to eliminate the possibility of cheating. This test is commonly

given in schools as a final examination and measures facts, concepts, and problem

solving skills. Part I of the 1975 examination was selected because it contained

the largest number of items that were related to the problems taught in the in-

structional units. It contains 40 items and has an administration time of 40

minutes. The alpha reliability of the regular form was found to be .75 (n = 410)

and_the scrambled form .55 OR = 146). Ten of the 40 items were directly related

to problems taught in the units. Reliability on the regular and scrambled form

for asubtest consisting of these items were .67 and .33 respectively. Non-

problem items had reliability of .74 and .37 respectively. Copies of the instrument



Table 1

Description and Reliability Coefficients

of .Immediate Posttests

Unit
No. of
Lessons

Moles 4

Gas Laws 3

Stoichiometry 3

Malarity 3

s".

Total No.

of Items

21

12

12

16

No. of
Cases

Coefficient
Alpha

498 .76

496, .66

507 .73

434 .75

23
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Table 2

Description and Reliability Coefficients

of Delayed Posttests

17

brats
Total No.
of Items

Transfer
Items

No. of
Cases

Coefficient
Alpha.

Mo le$ 10 4,9 498 .69

Gas Laws 10 3,6,10 496 .73

Stoidhiometry 10 5,9 507 .81

Mblari.ty 10 5,7,10 434 .71
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are not given-in the Appendix because of the confidential nature of the test

but are available from the Examination Committee ACS. An item analysis of

each form of the instrument is found in Appendix D.

As a check to see if students were using the strategy taught (factor-

label, etc.) to solve the problems and also to examine their use of using units

(mneunonic notation) students were asked to show their work for problem 12

(problem 29 on the scrambled version), a stoichiometry problem. Their responses

were then coded as to whether students used the strategy taught and the degree

of using notation (none, miniaal, complete): Agreement of two raters (Sn a

samplpillpf the responses (n = 33) was 87.8%.

Transfer Items Test... Inserted in each of the delayed posttests was at

least one transfer item. As mentioned previously, these items consisted of

problem's that were not directly taught in the instructional units. The units
A A`

did contain enough information so that if students understood the concepts they

should have been able to work the problems. As an independent check to verify

that these items were truly transfer items, the tests and'jnstructional units

were sent to two chemistry educators. They were asked to identify anx transfer

items given in the tests. lAgreement of one science educator was 90%. Agreement

of the other was 80%. At least one of the two outside evaluators agreed with

'each item included as transfer items.

The ten transfer items from the four posttests were grouped together and

treated as an additional dependent measure. The alpha reliability of this sub-

test was found to be .48 (n = 434): The non-transfer items (30) had a reli-

ability of .81 (n =43S) :

Decimal Items. One of the reasons students may have difficulty in solving

chemistry problems is because of their inability to handle problems containing

decimals. In order to test this hypothesis, the test following every lesson in

each unit contained 'two problems :that were identical in concept but differed in

25
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that one of the prob12ms contained decimals and while the companion item Contained

whole numbers. These decimal items and their companion items formed two subtests

across the four instructional units containing i items each. The alpha reli-

abilities of these subsets were .40 and .57 respectively (n = 421).

Packet Evaluation

At the end of the semester, students were asked to evaluate the instructional

strategy and the materials that they used to learn tq solve problems. Students

answered anonymously on the particular strategy they used. Questions were also

included to determine how much contamination there was between the treatments.

The questionnaires used are found in Appendix E.

Evaluation According to Time 01.

After a presentation of the progress of this project at an NSF dirertor's

meeting in March, 1980, a suggestion was made that a comparisOn of the length

of time it took students to complete units might be of inteTest. Students

whose aptitudes were in opposition to the strategy with which they were taught

to solve problems might take longer to complete the units than students for

whom these matched.

By the time plans could be de to implement these, many teachers had

completed the units. It was possible to have two teachers asktudents to re:

cored the time spent to complete the gas law lessons and three Leachers for

molarity lessons. Students recorded the time when they began a lesson and

the time at which they reached the supplementary practice problems. Some

teachers also had students note whether they used a calculator to obtain the

answers.

Instructional Treatments

During the fall semester of 19.7-80 school year, the four instructional

units according to each of the four teaching strategies were developed. Each

unit consisted of a brief-leachers' Guide and Student Materials.

4'
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The Teaches' Guides (Appendix F) contain a list of prerequisite skills

the students would geed to hive accomplished before beginning each lesson of

4'

the unit, the objectives of each lesson. of the unit, and answers to the immedi-

ate posttests and to the delayed posttests.

Students' Guides contained three to four lessons each of which included

an introduction, several self-programmed-sections on the concepts to be learned,

summary §ection with extra practice problems, and a sheet containing answers

and solutions to the problems. These practice problems were not presented in

the same order as the topics were introduced and were optional. The reason

they were included was to try to control the amount of time students in each

treatment spent studying the unit. If students finished the required material

with extra tune before Lie immediate posttest was to be administered they were

directed to work on the extra practice problems. The Student Guides are

found in Appendix N. Table 3 summarize* their content.

In addition to the Student Guide, students were given a Review Sheet that

contained a brief summary of the method used to solve the problems and some

.sample problems. These were to be used to study for the Unit Tests because

?idlers had collected their Student Guides. Copies are found in Appendix C.

Development of the unit as a very time-consuming process. After the

first draft of each unit was completed, the units were scrutinized by a chemist

forthemistry errors, clarity of wording and overall suitability. Units were

then revised taking into accot...t the suggestions for improvement.

A final critique of the units was made by two chemistry educators.' Their

comments are found in Appendix C . They were asked to make judgements about

the rfasonaness of the objectives, the adequateness of the prerequisite

:;kills and coverage of the topics, the existence of chemistry errors and the

matching of the instruction with the objectives. Chemistry errors discovered

at this stage were sent to teachers via errata sheets.

2"'
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Table 3

Instructional Units

Unit

tk

Lesson Title

Mole Concept 1 The Mole as NUmber

Mole Concept 2 The Mole as Volume

Mble Concept 3 The Mole as Mass
,

Mole Concept 4 Mass, Volume and Particles

Gas Laws 1 Volume and Pressure

Gas Laws 2 Volume and Temperature

v-Gas Laws 3 Volume, Temperature and Pressure

Stoichiometry Relationships from Equations

Stoichiometry 2 Mass Relationships

Stoichiometry 3 Volume Relationships

Molarity 1 Definition of Molarity

Merity 2 , Diluting and Concentratitig

Molarity 3 Acid-Base Reactions

ft



;

22

Units were written using four different teaching strategies: the

factor-label method, the use of analogies, the use of diagrams, and pro-

portionality. Each method had-some commonalities, but some major differences.

The focus of the factor-label method was on the importance of estimating

methods to obtain correct answers by looking,at the units of the given values.

Students were shoLm how the units 'cancel out' in the calculations and how

incorrect answers may be determined by looking at the units of the answer. A

sample problem (from the mole as ideal gas volume unit) was: "If a sample 02

gas had a volume of 89.b liters at STP, how many moes would be represented?"
/

The factor-label method would indicate to the-student that they should set

up their factor (1 mole = 22.4 liters) so that the liters will cancel:

89.b liters 0
2

22t.41 = 4 moles 0
2

The analogy method used common examples to help students understand the

relationship needed to solve the problem. Examples used both the common ex-

amples and chemical examples to work the problems. The gas law Problems'

analogy was that of a shipping carton of fruit. No matter what size the

fruit was the volume for a dozen fruit was always 3 pints. The problem,

"lbw many dozen of fruit would fit into a delivery box that had a volume of

54 pints?" was worked i ,diately before the 89.6 liters of 02 problem was

shown. Mathematically the analogy problems were identical to the diagram

problems:

89.6 liters 0
2

= 4 moles 0
2

22.4 liters/mole

The diagrammatic method used the diagram (or sections of the diagram)

pictured in Figure 3 . Students were shown that certain steps (boxes on the

diagram) must be taken in order to reach the desired answer. In some situation's

(in which multiplication was used) the diagrammatic and factor-label methods

23
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MASS

A

MOLES

Atomic or

A
Molecular Mass

Figure 3. Schematic diagram for solving moles problems.

30



24

were very similar. When division was indicated by the diagram, however, they

differed in that the factor-label method used multiplication by a reciprocal

rather than division. The gas law problem would be set up as:

89.6 liters 02
= 4 moles 02

i. 22.4 liters/mole

The proportionality method uF1,' techniques of the form r to help

the students determine the value of A. While the fact that the units 'cancel

out' to yield reasonable units for the answer was discussed, this was not

emphasized. For th- gas volume problem, the students were shown that the

problem could be solved by the use of a simple proportion:

X = 1 mole

89.6 liters 02 22.4 liters

(X) (22.4 liters) = (89.6 liters 02) (1 mole)

X = (89.6 liters 02) (1 mole) = 4 moles 02

(22.4 liters)

While all the methods had differences, the canceling of units was carried out

in all four types.

The instructional units were administered by teachers in their class-

rooms. Prior to their administration, a meeting was held which eight of the

ten teachers participating in the study attended. (One teacher had another

commitment and the other was on strike. Procedures were explained to them

individually.) The purpose of the meeting was to give the teachers an over-

view of the project, describe differences in instructional strategies and

discuss procedures to be used and appropriate follow-up activities that would

be suitable. Every effort was made to try to form a partnership with the

teachers in doing the study.

lie following procedures were agreed upon:

1. Students would be assigned randomly to treatments by each teacher
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dividing each of his classes into four convenient groupings. He would

label these groups one through four. The numbers one to four were then

drawn from a lot at a later date and the teachers notified which instructional

strategy corresponded to which number.

2. Each instructional strategy would be color coded to facilitate dis-

tribution of the same strategy to the same students across the four units

(13 lessons). The color coding was a follows: factor-label = yellow,

analogies = blue, diagram =.green, and proportionality = pink. Immediate

posttests and review sheets were color coded in the same way.

3. Instructional units were to be used in the classroom. Individual

lessons would be distributed at the beginning of the period. Students worked

on these individually but they could consult other students using the same

strategy (color) or could obtain help from their teacher. The lessons varied

in length over the various topics and took between 40 minutes two hours to

camplete. Because ttie length of periods varied greatly in the schools, in some

cases students finished in one period whereas in others three periods were re-

quired. If students did not finish a lesson by the end of the class period,

the booklets were collected and redistributed the next day. Booklets eventu-

ally were returned to the university.

4. Immediate posttests would be given when the students in the class were

finished with the instructional booklets. A11 teachers permitted students to

use hand calculators to work the problems. Tests were corrected by the teacher

who then returned them to the investigator. Answers were then transferred to

optical scanning sheets for data processing.

5. After students completed the lessons, the teachers in some instances

desired to follow up these lessons with supplementary work. In these cases,

teachers were asked to use the method of showing that the units cancel. This
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was common to all four instructional strategies. Although there is no

guarantee that teachers did this in every instance, every teacher was

observed at least twice and some as many as four times while they were

administering the units or taught their classes immediately following the

units.

6. After all of the lessons in a given unit were completed (including

the immediate posttests), teachers would give a review sheet to each student

that corresponded to the instructional treatment assigned. The review sheet

which contained a summary of the method and sample problems provided the

student with a study guide to prepare for the delayed posttests that were

to be administered within two weeks of completing the lessons. It was thought

that these review sheets would encourage students to use the same method that

they were taught in class but yet would be too sketchy to enable students to

lean a completely different method than the one to which they were assigned.

Teachers corrected the delayed posttests and sent the test sheets to the

university where answers were transferred to optical scanning sheets.

The teachers' use of the units was monitored by visits to their class-

rooms during and after the use of the booklets. Discussions were also held

with the teachers during data collection visits and by phone to determine

if any instructional problems had occurred with the content of the units or

with the administrational procedures. Some minor typographical errors were

found and corrected. Overall, the instruction was applied as outlined in the

previous sections.

Hypotheses

The dependent variables referred to in hypotheses 1 63 are as follows:

1. The immediate posttests (QT) for each of the four instructional

treatments: moles (MO), gas laws (GL), stoichiometry (S), and molarity (ML).
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' The delayed posttests (T) for each of the four instructional

treatments listed in 1.

3. The ACS-NSTA Chemistry Achievement Test (ACSTOT).

4. The ACS-NSTA Problem Subtest (ACSPROB) and Nonproblem Subtest"..

(ACSNPROB).

S. The Transfer Test made of 10 items from the delayed posttests

(TRANST) and the remaining items (NTRANST).

6. The Decimal Test made of 13 items from the immediate posttests

(maingp and the equivalent items (NDHOIMILQ).

Hypotheses tested in this aptitude by interaction study are as foll8Ws:`

1. There is no significant increase in the percentage of variance ac-

counted for in each dependent variable by the addition of the aptitude of

verbal or visual preference to the multiple linear regression equation.

2. There is no significant increase in the percentage of variance ac-

counted for in each dependent variable by the addition of the aptitude of

mathematics anxiety to the multiple regression equation with the variance

due to verbal and visual preference removed.

3. There is no significant increase in the percentage of variance ac

counted for in each dependent variable by the addition of the aptitude of

proportional reasoning ability to the multiple linear regression equation

with the variance due to verbal-visual preference and mathematics anxiety

removed.

4. There is no significant increase in the percentage of variance ac-

count'd for in each dependent variable by the addition of dummy variables

coded for treatments, with the variance due to the three aptitude measures

removed.

S. There is no significant increase in the percentage of variance ac,

counted for in each dependent variable by the addition of a dummy variable

3.4
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coded for the factor -label treatment with the variance due to the three

aptitude measures removed. c

6. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of a dummy variable --

coded for the analogy treatment with the variance due to the aptitudes and

previous treatment measures removed.

7. There is no-significant increase in the percentage of variance

accounted for in each dependent variable by the addition of a dummy variables.

coded for the diagram treatment, with the variance dde to the aptitudes and

previous treatment measures removed.

8. There is no significant increase in the percentage-of variance

accounted for in each dependent variable by the addition of the combination

Aftww644::71:ariables coded for the proportionality treatment with the variance

due to the aptitudes and previous treatments removed.

9. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the six variables

representing the verbal or visual preference by treatments interaction with

variance due to aptitudes and treatments removed.

If hypothesis nine is rejected, hypotheses ten through thirteen will

be tested.

10. They is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference by factor-labei treatment in-

teraction with variance due to aptitudes and treatments removed.

11. There is no significant increase in the percentage ofivariance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference by analogy treatment interaction

35
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ti

with variance due to aptitudes, treatments and verbal or visual preference

by previous treatment interaction removed.

12. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference by diagrammatic treatment

interaction with variance due to aptitudes, treatments and the other'vefbal

or visual preference by treatment interactions removed.

13. There is no significant increase in the percentage of variance

accounted for in each depgndent variable by the addition of the variable

representing the verbal or visual preference by proportionality treatment

interaction with variance due to aptitudes, treatments, and the other verbal

or visual preference by treatment interactions removed.

14. There is no significant increase in the percentage of variance

'accounted for in each dependent variable by the addition of the three

variables representing the mathematics anxiety score by treatments inter-

action with variance due to aptitudes, treatment, and verbal or visual

preference by treatment interactions removed.
t-t. ,

If hypothesis 14 is rejected, hypotheses 15 through 18 yi1l be tested.

1S. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition.of the variable

representing the mathematics anxiety by factor-label tteatment interaction,,,

with the variance due tp,aptitudes, treatments, and verbal or visual pre-__

ference by treatment Interactions and removed.

16. There is no significant increase in the percentage f variance

accounted for in each dependent variable by the addition of the variable

representing the mathematics anxiety by analogy treatment interaction with

variance due to aptitudes, treatments, verbal or visual preference by treat-

ment interactions and the previous mathematics anxiety by treatment interactions



removed.

17. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition bfthe variable

representing the mathematics anxiety by diagrammatic treatment interaction

with variance due to aptitudes, treatments, verbal or visual preference by

- "-treatment interactions, and mathematics anxiety by treatment, interactions

removed.
r.
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18. There is no. significant increase in the percentage of variance

accounted for in the dependent variable matrix by the addition of the variable

representing the mathematics anxiety by proportionality treatment interaction

with variance due to aptitudes, treatment, verbal or visual by treatment

inter. -tion and mathematics anxiety by treatment interactions removed.

19. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the three

variables representing the proportional reasoning ability by treatments

interaction with variance due to aptitudes, treatments, verbal-visual pre-

ference by treatment interactions and mathematics aimiety by treatment

interactions removed.

If hypothesis 19 is rejected, hypotheses 20.throUgh 23 will be tested.

20. There is no significant increase in ,the percentage of variance

accounted for in each dependent_ variable by the addition °lithe variable

accounted for in each dependent variable by the addition of the variable

representing the proportional reasoning by the factor-label treatment inter-

action with the variance due to aptitudes, treatments, verbal or visual

preference by treatment interactions and mathematics anxiety by treatment

interactiensremoved.
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21. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the proportional reasoning ability by analogy treatment in-

teraction with variance due to aptitudes, treatments, verbal or visual by

(treatment interactions, mathematics anxiety by treatment interactions, and

the previous proportional reasoning by factor-label treatment interaction

removed.

22. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

iepresent ng the proportional reasoning,by the diagrammatic treatment in-

teraction with variance due to aptitudes, treatments, verbal or visual by

treatment interactions, mathematics anxiety by treatment interactions and

previous proportional reasoning by treatment interactions removed.

23. There is no significant increase in the percentage of variance

30

accounted for in each dependent variable by the, addition of the variable

representing the proportional reasoning by proportionality treatment inter-

action with variance due to aptitudes treatments, verbal or visual by treat-

ment interactions, mathematics anxiety by treatment interactions and pro-

s portional /reasoning by treatment interactions removed.

24. There is no significant increase in the percentage of variance

accounted for in each dependent variable by.the addition of the three vari-

ables representing the ferbal preference visual preference by treatments

interactions with the variance due to all previous aptitudes, treatments

and interactions removed.

If hypothesis 24 is ected, hypotheses.25 through 28 will be tested.

25. There is no signifiL it increase in the percentage,ot variance

33



_

31

accounted for in each dependent variable by the addition of the variable

representing' the verbal preference visual preference by factor-la'Jel

treatment interaction with the variance due to all previous aptitudes,

treatments and interactions remol.red..

26. mere is no significant increase in the percentage of variance

liccounted for in each dependent variable by the addition of the variable

representing the verbal-preference visual preference by analogy treatment

interaction with the Variance due to all previous aptitudes, treatments and

interactions removed.

27. There is n6 significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference visual preference by diagrammatic treat-

ment interaction with the variance due to all previous aptitudes, treatments;

and interactions removed.

28. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable re-

presenting the verbal preference visual preference by proportionality treat-

ment interaction with the variance due to all previous aptitudes, treatments,

and interactions removed.

29. There is no significant increase in the percentage of Variance'"

accounted for in each dependent variable by the addition of the six variables

representing the verbal or visual preference mathemrtics anxiety by trgat-

ments'interaction with the variance due to all previous aptitudes, treatments

and interactions removed.

If hypothesis 29 is rejected, hypotheses 30 through 33 will be tested.

30. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

represelping the verbal and visual preference mathematics anxiety by

.
31)
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'fhctor-label treatment interaction with the varjtance,due to all previous

aptitudes, treatments and interactions,removed.

31:- There is no significant increase in the percentage of variance

accounted for in each dependent variable py the addition of the variable

representing the verbal and visual prefefence - mathematics anxiety by

analogy treatment interation with the variance due to all previous aptitudes,

treatments, and interactions removed. I

32. There is no significant increase in the percentage of variance

accounted for in eac dependent variable tly the additiai of the variable

representing the vTal and visual preference mathematics anxiety by

diagrammatic treatment interaction with the variance due to all previous

aptitudes, treatment, and interactions,removed.

33. There is no significant increase in the percentage of,variance.

accounted for in each'dependent variable by the addition of tie variable

representing the verbal and visual preference mathematics anxiety by

proportionality treatment interaction with the variance due to-all previous

aptitudes, treatments; and interactions removed.

34. There is no significant increase in the percentage of variance

accounted for-in each dependent variable by the addition of the six variables

representing the verbal or visual preference - proportional reasoning ability

by treatments interaction with the variance due to all previous aptitudes,

treatments, and interactions remove

If hypothesis 34 is rejected, hypotheses 35 through 38 will be tested.

35. There is no significant increase in the percentage of variance

accounted for in each - dependent variable by the addition of the variable

remsenting the verbal or visual preference - proportional reasoning ability

by factor-label treatment interaction with the variance due to all previous.

4th
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2 ititudes, treatments, and interactions removed.

36._ There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference proportional reasoning

ability by analogy treatment interaction with the variance due to all

previous aptitudes, treatments, and interactions.removi....

37. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference proportional reasoning

ability by diagrammatic treatment interaction with the variance due to

all previous - aptitudes, treatments and interactions removed.

38. There is no significant increase in the ircentage of variance

accounted for in each dependent variable by the addition of the variable

representing he verbal or visual preference - proportional reasoning

ability,by proortionality treatment interaction with the variance due

to all previous aptitudes, treatments, and ireoractions removed.

39. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the add:tion of the three

variables representing the mathematics anxiety proportional reasoning

ability by treatments interaction with the variance due to all previous

aptitudes, treatments, and interactions removed.

If hypothesis 39 is rejected, hypotheses 4J through 43 will be tested.

40. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the mathematics anxiety proportional reasoning ability by

factor-label treatment 1:1'-.raction with the variance due to all previous

aptitudes, treatments, and interactions removed.

41
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41. There is no si,.ificant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the mathematics anxiety proportional reasoning ability by

analogy treatment interaction with the variance due.to all previous aptitudes,

treatments, and interactions removed.

42.. _There is no significant. increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing' the mathematics anxiety proportional reasoning ability. by

diagrammatic treatment interaction with the variance due to all previous

aptitudes, treatments, and interactions removed.

43. There is no significant increase in the percentage of variance

accounted,for in each dependent variable by the addition of the variable

representing the mathematics anxiety proportional reasoning ability by

proportionality treatment interaction with the variance due to all previous

aptitudes, treatments, and interaction removed.

44. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition Of the three

variables representing the verbal preference visual preference mathematics

anixety by treatments interactions with the variance due to all previous

aptitudes, treatments, and interactions removed.

If hypothesis 44 is rejected, hypotheses 45 through 48 will be tested.

45. There is no significant increase in the percentage of variance

accounted for ill each dependent variable by the addition of the variable re-

presenting the verbal preference visual preference mathematics anxiety

by factor-label treatment interaction with the variance due to all previous

aptitudes, treatments, and interactions removed.
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46. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference visual preference mathematics anxiety

by analogy treatment interaction with the variance due to all previous apti-

tudes, treatments, and interactions removed.,

47. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference - visual preference mathematics anxiety

by diagrammatic treatment interactior with the variance due to all previous

aptitudes, treatments, and interactions removed.

48. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the additiOn of the variable

representing the verbal preference visual preference - mathematics anxiety

by proportionality treatment interaction with the-variance removed due to all

previous aptitudes, treatments, and interactions removed.

49. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the three

variables representing the verbal preference - visual preference propor-

tional reasoning ability by treatments interactions with the\varia due

to all previous aptitudes, treatments, interactions removed.

If hypothesis 49 is rejected, hypotheses 50 through 53 will be tested.

50. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference visual preference - proportional rea-

soning ability by factor-label treatment interaction with the variance die

to all previous aptitudes, treatments, and interactions removed.

51. There is no sioificant increase in the percentage of variance
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accounted for in each dependent variable by the addition of the variable

__-representing the verbal preference visual preference proportional rea-

soning ability by analogy treatment ,interaction with the variance doP to

al! previous aptitudes treatments, and interactiott;removed.

52. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference visual preference proportional rea-

soning ability by diagrammatic treatment interaction with the variance

due to all previous aptitudes, treatments, and interactions removed.

53. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal, reference visual preference -_proportional rea-

soning ability by proportionality treatment interaction with the variance

due to all previous aptitudes, treatments, and interactions removed.

s4. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of six variables

representing the verbal or visual preference mathematics anxiety - pro-

portional reasoning ability by treatments interactions with the variance

due to all previous aptitudes, treatments, and interactions removed.

If hypothesis 54 is rejected, hypotheses 55 through 58 will be tested.

55. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference mathematics ;,nxiety pro-

portional reasoning ability by factor-label treatment interaction with

variance due to all previous aptitudes, treatments and interactions removed.

56. There is no significant increase in the percentage of variance

accounted for in each-dependent variable by the addition of the variable
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representing the verbal or visual preference mathematics anxiety pro-

portional reasoning ability by analogy treatment interaction with variance

d4c to all previous aptitudes, treatments and interactions removed.

57. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference mathematics anxiety pro-

portiL.:al reasoning ability by diagrammatic treatment' interaction with

variance due to all previous aptitudes, treatments, and interactions re-

58. There is no significant increase in-the percentage. of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal or visual preference mathematics anxiety pro-

portional reasoning ability by proportionality treatment.interaction with

variance due to all previous aptitudes, treatments, and interactions removed.

59. l'here is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of three variables

representing the verbal preference visual preference mathemitics anxiety

proportional reasoning ability by treatments interactions with the variance

due to all previous aptitudes, treatments, an interactions removed.

If hypothesis 59 is rejected, hypotheses 60 through 63 will be tested.

60. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing the verbal preference - visual preference mathematics anxiety

proportional reasoning ability by factor-label treatment interaction with

variance due to all previous aptitudes, treatments, and interactions removed.

61. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

4 5
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representing the verbal preferende visual preference mathematics anxiety

proportional reasoning ability by analogy treatment interaction with variance

due to all previous aptitudes, treatments, and interactions removed.

62. There is no significant increase in the percentage of variance

accounted for in each dependent.variable by the addition of the variable

representing the verbal preference visual preference mathematics anxiety -

proprtional reasoning ability by diagrammatic treatment interaction with

variance due to.all previous aptitudes, treatments, and interactions removed.

63. There is no significant increase in the percentage of variance

accounted for in each dependent variable by the addition of the variable

representing ta verbal preference visual preference mathematics anxiety

proportional reasoning ability by proportionality treatment interaction with

variance due to all previous aptitudes, treatments, and interactions removed.

64. There is no difference in achievement by chemistry students on

problems that contain decimals as compared to equivalent prOblems that do

not contain decimals.

65. ;'here-is no difference in achievement as measured by the ACS-NSTA

Chemistry Achievement Test by chemistry students according to the amount of

notation used in solving A specified problem.

66. There is no difference in the amount of notation used in solving a

specified problem by chemistry students who solve problems when taught by

different strategies.

67. There is no difference in the amount of time spent in completing

lessons involving the gas laws or molarity by students whose verbal-visual

aptitudes match the instructional strategy used in learning the lessons

versus students whose aptitudes and strategies do not match.

68. There is no difference in the amount of time spent in completing

lessons involving the gas laws or molarity by students whose proportional
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reasoning ability matches the instructional strategy used in learning the

lessons versus students whose aptitudes and strategies do not match.

In addition to the formal testing of these 68 hypotheses, a questionnaire

was administered to students at the end of the school year to obtain their

general tektion to the packets. The questionnaire contained nine questions

that pertained to the usefulness of the materials and to whether there was

any contamination of the treatments. Copies are found in Appendix E.

I
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Statistical Analyses

Hypotheses 1 - 63 involved aptitude by treatment interactions that were

analyzed using multiple linear regression techniques. As Cronbach and Snow

(1977, p. 27) and Cohen and Cohen (1975, p. 229) have noted, classical analysis

of variance techniques that 'block' on the aptitudes to produce groups that can

be labeled 'low', 'medium', and 'high' on a particular aptitude result in the

loss of both information and statistical power. The 'blocks' inevitably have

unequal cell sizes producing independent variables that are not orthogonal.

The alternative to the use of ANOVA techniques is the use of multiple

linear regression. 'Dummy' variables may be coded by the treatment effects

and these used to produce interaction variables with the aptitudes. Several

'methods are available for this coding. Cohen and Cohen (1975, Chapter Five)

present four methods: dummy, effects,, contrasts, and nonsense coding. While

the overall multiple R2 and therefore the F value are always the same no matter

what coding Method is used,: the three methods allow for different hypotheses to

be tested within the types of treatment.

In effects coding, as Cohen and Cohen (1975, p. 194) pointed out, the method

takes as its reference point all of the groups taken as an equally weighted

aggregate. The null hypothesis under test is that the dependent variable mean

for group i is equal to the mean of the means of the dependent variable of all

the groups. This was the question under consideration for this research, there-

fore effects coding was used as the method for coding the treatment conditions.

Figure 4 shows the coding diagram.

The four treatments can be fully represented by three dummy variables

(X1 , X2 , X3 ) representing the three degrees of freedom available. These

dummy variables were used to represent the interactions of interest. If the

4n
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Treatinent

Dummy Variables

xl ,X2

Factor-Label - Tp

ram-TD

Analogy - TA

Proportions - Tp

-1

0

1

0

-1

1

0

0

-1

1

Figure 4. Coding of dummy variables.-
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aptitude of Verbal Preference is represented by V, Visual Preference by J, and

Mathematics Anxiety by M, the Proportional Reasoning Ability by P, the inter-

actions produced were VI, VM, VP, IM, IP, MP, VIM, VIP, VMP, IMP,

VX2, VX3, IX1, IX2, IX3, MX', MX2, MX3, VIX1, VIX2, VIX3, etc.

Variables for each dependent measure were entered into the regression

equatioas in the folloWing order:

Verbal and Visual Preference

Mathematics Anxiety

Proportional Reasoning kbility

Treatment

Verbal/Visual Preference by Treatme4 Interaction

Mathematics Anxiety by Treatments Interactions

Proportional Reasoning Ability by Treatments Interaction

Verbal with Visual by Treatments Interaction

Verbal 1r Visual with, Mathematics Anxiety by Treatments Interaction

Verbal or Visual with Proportional Reasoning by Treatment Interaction

Proportional Reasoning with Mathematics Anxiety by Treatment Interactions

Verbal with Visual with Mathematics Anxiety by Treatment Interactions

Verbal with Visual with Proportional Reasoning by Treatment Interactions

Verbal or Visual with Mathematics Anxiety with Proportional Reasoning by

Treatment Interactions

Verbal with Visual with Mathematics Anxiety with Proportional Reasoning

by Treatment Interactions'

The order of entering the variables into the regression equation was based

on "weakness" of the aptitude. The verbal and visual aptitudes were entered first

(on an equal basis) because from a review of the literature they appeared to have

the least construct validity, Mathematics anxiety ratings and proportional rea-

soning ability/had increasing degrees of construct validity in the order stated.

5 ki
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By placing verbal preference, visual preference, and mathematics anxiety

into the regression equation before proportional reasoning ability, any shared

variance would be considered in the weaker constructs. This would have the

proportional reasoning ability aptitude uncontaminated by the shared variance

(Cohen and Cohen, 1975, p. 327).

This study utilized univariate multiple regression as an analytical tool

rather than multivariate linear regression for the following reasons:

1. Four different chemistry topics were studied. Although some of these

have similarities (involve moles) each has distinct characteristics. In particu-

lar the unit on gas laws contains concepts quite different from the other three

units. Because the units were on different topics, it was of interest to determine

if a particular strategy was particularly' suited to a given chemistry topic.

Within the units, the two depende.nt variables, immediate posttest and delayed

posttest, were analyzed separate use of the different nature of the tests.

./ /

, The immediate posttests were given Onediately after students' studied each lesson

and contained the strategy/Sed at/the top of each test page; The delayed post-

tests had no aids and i/nCluded at least two transfer items.

2. A multivari e analysis would have been most complex to analyze and to

interpret because f the 15 dependent variables involved.

3. Correlation for most of the dependent variables were modest ranging

from .20 to .76.

In the instance where the correlation was likely to be the greatest (moles

and stoichiometry). Robert Sherwood, a doctoral graduate assistant working on

this project, analyzed the data in this manner for a doctoral dissertation study.

Sherwood's (1980)-results are consistent with those found using the univariate

method.

51
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In the same dissertation, factor analyses of several measures utilized

in this study were made. Persons interested in the factor analysis of the

verbal-visual preference item, the proportional reasoning ability test, and

several of the measures of problem solving ability might consult this dis-

sertation.

Hypotheses 64 68 were analyzed as follows:

Hypothesis 64. A t-test was used to determine the differences between

11the two sets of scores.

Hypothesis 65. A one way analysis of variance was used to determine

differences in achievement according to whether students used mneumonic

notation in problem solving. Differences between means were examined using

the Scheffe procedure.

Hypothesis 66. A chi-sqUare analysis was used to determine whether

students classified according to strategy taught used no, some, or extensive

notation in problem solving.

Hypothesis 67. 2 x analyses of variance were used to determine differences

in time spent, according to matched or mismatched strategies and verbal and visual

aptitudes., Students were classified as having a visual method of.instruct'on if

they used the analogy or diagrammatic method. Students using the factor-label
_ .

method or proportionality comprised the verbal methods group. Students with

. scores less than 14 were considered low verbal; those equal or greater than 1

were classified high verbal. The cut off point for the imagery scores was 18.

These numbers were selected because their use divided the students into two

groups of approximately the same size.

Hypothesis 68. This hypothesis was tegted,using 2 x 2 analyses of variance.

Students were claditified as high or low in proportional reasoning ability

according to.whether their score was less than 14 or equal to or greater than 14.

52



45

N
N

The proportionakjeasoning teaching strategy was singled out as the one.

that matched proportional reasoning ability. Students using the factor -label

method, analogy method and diagrammatic method formed the non-proportional

reasoning teaching strategy group.

Missing data for the aforementioned analyses was handled in the same way.

If a single item on a test was left blank, a zero was used as the score. If

one immediate posttest was missing,-the gram wat substituted. If more

than two dependent measures were missing, the student was dropped from the

study. In cases where the score on a dependent measure was replaced with the

grand mean, the number of degrees of freedom was reduced by one.

. Analysis of the questionnaire was made informally by tabulating comments

where possible and presenting data in terms of percentages.
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Results of the aptitude by treatment-interaction study are summarized in

Table 4. Appendix,11 gives summari'tables o: the multiple regreSsion analyses.

Results are given in\terns of individual hypotheses. For all dependent vari-

&les a general regresSion equation and a main effects'rekression equation were

calculated. Because these equations pertain to several hypotheses, they are not

incltided with the information on the main effects (hypotheses 1 4) but apilear
ts

with discussion of the first significant interaction effect. If there were nq

signifiCant,jateractions, the tables appear after the discussion of those that

were significant.

.Hypothesis 1 .

Regression coefficients' and the change in R2 for hypotheses one through

1

three are given in Table S. Examination of Table 4 shows that the verbal pre-
.

ference bad= relationship to students performance on the dependent measures.

In three instances visual preference was related. Students with high visual

preference scared -higher. However this accounted for only 1 or 2 percent of

the variance.

Hypothesis 2
40

Students' mathematics anxiety was related to students' performance on all

dependent measures. Table 4 ows that it was significant at the .01 level in

ilMost everyise. Table 5 shows that there was a negative relationship, that
.

is, students whq,had a hi er degree of mathematics anxiety had lower chemistry

achievement. The percentage of variance'for which mathematics anxiety accounted

ranged from 1.0 to 4.7 percent, ,the latter referring to the Transfer Item Test.

This seems reasonable as this dependent measure was the most difficult of those

used in the study.
4or
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Hypothesis 3

Table 4 indicates that students' proportional reasoning ability was related

to students' success on every department measure at the .01 level. From Table 5,

one'can see that as students' proportional reasoning ability increased, so did

'their chemistry achievement. Proportional reasoning ability was more strongly

, related to performance than any other aptitude or aptitude interaction measured

A

in the study. The percentage of the variance accounted for ranged fiom 3.0% to

18.7%. The greatest amount of variance accounted for was in the ACS-NSTA Test

which is particularly complex, and requires formal reasoning skills for many

questions.

Hypotheses 4 8

The particular strategy (treatment) that students used to learn how to

solve the chemistry probl-:ms in the four units instruction had a significant

effect on achievement in a limited way as can be an from Table 4. In only

three cases was there a significant difference. hese were for the Moles and

Gas Laws Immediate Posttests and for the Gas Laws Delayed Posttest. Table 24

shows that Students who were taught by,the factor-label method scored significantly

higher on the Moles Immediate Posttest apd students who used the proportionality

method scored significantly lower. All comparisons were made with the grand -zan.

Table 71 showS that this is not the case with,achievement on the Gas Laws

Immediate Posttest. For this unit the proportionality method was the most effective

whereas both the diagram and analogy methods were the least effective. This

a reasonable finding because the gas laws are stated in terms of proportion and

students were l'kely to memorize the formulas according to the proportionality

method. In this particular unit, the diagram was more complex than in the other

three units and the analogy may have been easily forgotten. Table 89 shows that

on the Gas Law Delayed Posttest a similar result IS found although the mean of the

diagram method is not statistically different from the grand mean.

55
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Hypotheses 9 13

Although no verbal preference by treatment interaction was found on any

dependent measure a visual preference x treatment interaction was found for

achie &lent as measured by the ACS-NSTA Examination in High School Chemistry.

Results are found in Tables 6 11 and have been diagrammed in Figure 5. Stu-

dents with low visual preference using the analogy treatment scored higher on

this test.

These results were entirely unexpected. It was pdstulated that if a stu-

dent had a high visual preference, then using a visual mode ( analogies or

diagrams) would produce superior results. The explanation may perhaps be that

when students who did not have a,A(isual preference were forced to use a visual

presentation, this required them 6 pay a greater amount of attention to what
. .

they were doing and they therefore achieved more. ,Why this result is not con-

sistent for all the other dependent measures is inexplicable.

Hypotheses 14 18

No significant differences were found for the mathematics anxiety by

treatments interaction.

Hypotheses 19 23

The proportional reasoning ability by treatment interaction was shown to

exist for the Nontransfer Items Test only. Results of this ,.analysis are given

in Tables 12 17 and are diagrammed in Figure 6. For the sake of comparing the

Nontransfer Items Test results with the Trnasfer Items Test results, Tables 18

22, for the Transfer Items Test are included. A diagram of the,Transfer Items

Test results is given in Figure 7.

FOr the Nontransfer Items Test, students with low proportional reasoning

ability who used the diagrammatic method were the least successful, whereas stu-

dents with high proportional reasoning ability who used the diagram were the most

successful. Figui_ 7 shows that this did not hold for the students who used the

diagrammatic method for the Transfer Items Test. From the diagram given in Figure 7

5"
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it is rather surprising that no significant difference existed for the factor-

label x treatment interaction. It may have been that there were in reality

very few low proportional reasoning students who were assigned to the factor-

label method where the crossing actually occurred. Why an interaction occurs

for the Nontransfer Items Test is not known except that possibly the diagrams

weie complex and required proportional seasoning ability.

Hypotheses 24 28

A verbal x visual x treatment interaction was found to be significant on

the Moles Immediate Posttest. Tables 23 28 show the analysis and the results

are shown picturially in Figure 8.) Students with low verbal preference and low

visual preference scores and the analogy method did poorly on the test whereas

those with low visual and verbal preferences using the proportionality method

scored high. However, if students had a high verbal preference and low visual

preference, the analogy treatment was best, and the proportionality treatment

the worse.

Results of this same interaction are given for comparison sake for the other

immediate posttests even though findings were not significant. Tables 29 30

and Figure 9 show that the trend is the same for the Gas Laws Immediate Posttest.

For'the Stoichiometry Immediate Posttest, the results given in Tables 31 and 32

and Figure 10, are not consistent with moles and the gas laws. For the low

verbal, low visual students, the analogy treatment appears best. For the molarity

unit, as shown in Tables 33 and 34 and Figure 11 the factor-label method appears

superior, and the analogy method the poorest.

Because of such differing findings, generalization is difficult. At least

for two units, however, for students of both low verbal preference and low visual

preference, the proportionality approach appears superior. one wonders what actually

characterizes students who have both a low verbal and low visual preference for

learning. At the onset of the research, it was thought that these two approaches
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were mutually exclusive. By what approach would this type of student prefer to

learnt Do they have no preference for learning or are they lethargic? Because

it is impossible from the research reported here to characterize these students,

generalization about their approach to learning chemistry problem solving is

unwarranted.

Hypotheses 29 33

Significant interaction effects were found for two dependent measures, the

Stoichiometry Immediate Posttest and the Decimal Subtest, for the visual prefer-_

ence by mathematics anxiety by treatment interaction. No significant differences

were found for verbal preference.Tables 39 40 and Figure 12 present the data.,

As shown in Figure 12 for students with low visual preference and low mathematics

anxiety, the factor-label method was superior and the diagrammatic method inferior.

However, this is not the case for low visual preference students who had high

mathematics anxiety. For these students, the diagrammatic method was best and

the factor-label the worse.' For these same students the analogy method was also

better than the other two but as students' visual preference increased these

differences diminished and the analogy method became preferred.
4

Tables 41 42 and Figure 13 give this same information for the moles unit. t,

Although the findings are not significant, trends are the same for the low visual

and low mathematics anxiety students. For the low visual, high mathematics

anxiety students, diagrammatic and analogies methods remained superior.

For the gas law unit shown in Tables 43 44 and Figure 14, little differences

are seen. However, analogies remain superior for the low visual low mathematics

anxiety group and diagrams best for the low visual high mathematics anxiety group.

Tables 45 and 46 and Figure 15 give the results of the analysis for the

molarity unit. Although it appears from Figure 15 that results are significant,

they were not. Why they were not cannot be explained at this time. For the low

visual, high mathematics anxiety students, the diagrammatic method was still

53



SI

superior. Other findings were not consistent with the trends for the other

three units.
4#0,

Results for the Decimal Subtest are given in Tables 47 52 and in Figure 16.

Differences in achievement are most pronounced for the students who,had low visual

preference and high mathematics anxiety. For these students the preferred method

of instruction was the use of diagrams. This was'followed by the analogy method

(not significant), the proportionality method was poorest although not significantly

different from the mean. For students with low visual preference and law mathe-

matics anxiety the reverse is true. The proportionality method was best (not

significant) and the diagram method the pool_st.

For the sake of comparison, data was analyzed for.the Nondecimal Subtest.

This consisted of the same problem except that no decimals were given in the

original problem. Data analysis is given in Tables 53 57 and in Figure 17.

Although results were not significant, a trend indicates that the diagram,method

might be superior for low visual., high mathematics anxiety students. For low

visual, low mathematics anxiety students the factor-label method produced the

highest scores followed by the proportionality method.

The results of this aptitude x treatment interaction is fairly consistent

over-the two dependent measures where significance was found. In both cases, the

major differences appear where students had high mathematics anxiety and low

visual preference versus those with low mathematics anxiety and low visual pre-

ference. Means for the cases of high visual preference high mathematics anxiety

and high visual preference low mathematics anxiety for the various strategies

did not differ to any great extent. Moreover, students with high mathematics

anxiety and low visual preference did best with strategies that were intended to

be visual. A possible explanation for the reason why these strategies might be

best for this type of student combines the explanation given for the visual pre-

ference by treatment interaction (Hypotheses 9 13) and the students high mathe-

matics anxiety. As,mentioned previously, it may be that when students who did not
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prefer to learn by visual methods were required to do so, they paid more attention

to what they were learning and consequently achieved more. This would be particu-

larly true of the high mathematics anxiety student. The diagram method or e

analogy method offered' this student-an additional mathematical terminology, than

would the more mathematical approaches (factor-label and proportionality). For

the low mathematics anxiety student, the more mathematical and less visual

approaches were more suitable. In fact, these students who did not have a high

mathematics anxiety probably skimthed over the-diagrams and analogies and there-

fore did poorly because they did not have factor4abels or proportions on which

to depend.

Hypotheses 34 - 38

These hypotheses pertained to the visual or verbal preference by proportional

reasoning by treatment interactions. No significant differences. were found for

the visuApreference interactions on any dependent measures. However, there was

a verbal preference by proportional reasoning ability by treatment interaction for

the Mblarity Delayed Posttest scores.. Tables 58 63 and Figure 18 give the. results.

For students with low verbal preference and low proportional reasoning ability, or

high verbal preference and high proportional'reasoning ability, the analogy approach

was best. When either of these aptitudes was low, the analogy method was the worst

approach.' Tables 64 69 and Figures 19 21 give the results for the Delayed Post-

tests of the other three chemistry units. Examination of the figures shows that

these results are not consistent across the other units and in fact no consistent

trends are apparent in the other three units. Because no significant differences

were found on other dependent measures, the result is unique to this one unit and

one dependent meastre. Why this particular analogy for this subject matter wrought

these results is not known.

Hypotheses 39 44

A mathematics anxiety by proportional reasoning ability by treatment inter-

action was found for achievement on the Gas Laws Immediate Posttest. As with
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significant findings of other interactions that involved mathematics anxiety,

major differences occurred with students of high and low mathematics anxiety and

low values on the other aptitudes. Resluts are-given in Tables 70 75 and in

Figure 22. Students with low proportional reasoning ability and low mathematics

anxiety did best with the factor-label and proportional method (not significant)

and worse with the diagram. method. For students of low proportional reasoning

ability and high mathematics anxiety the analogy method-was superior (followed by

the diagram method not significant). The poorest method was factor-label. These

same results for the factor-label method were found for students of low visual pre-

ference and low mathematics anxiety, and somewhat similar results were found for

the analogy treatment. Apparently students who have low mathematics anxiety and

were low on the other aptitude found the factor-label method attractive, whereas

it is not a good method for high anxiety students. Results for the other tnree

units although not significant are includedin order to'make comparisons. They.

are given in Tables 76 81 and in Figures 23 7 25. In every case, the factor-

lbel method was best for students of low mathematics anxiety and low proportional

reasoning ability. For students of high mathematics anxiety and low proportional

reasoning ability, the diagrammatic method appears to have had the advantage (not

significant), and in two of the three other units, the factor-label method was the

poorest (trend only). When students had a high mathematics anxiety and no compen-

sating aptitude (high proportional reasoning ability or high visual preference)

the more mathematical approaches (factor -label and proportionality) were not

desirable. This is in agreement with results found for hypotheses 29 33.

Oypotheses 45 63

No significant four way interactions were,found. Tables 82 100 give the

0

general regression equation, F tests for 'possible significant effects, and the

main efficts regression equation for analyses of dependent measures where no

significant interaction effects were found.
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Hypothesis 64

A significant difference between scores on the Decimal and Nondecimal Sub-

test was found as shown in Table 101. Students scored slightly better when the

initial values given in the problems did not contain decimals. If teachers

are interested in whether students understand how to solve a given problem,

this might be achieved better if no'decimals are included. This is not to say

that at an intermediary point, a decimal will.not be needed or that the answer

will not be in decimal form. Although the means of the Decimal and Nondecimal

Subtests are not drastically different, it must be recalled that most students

used calculators in solving the problems and one might expect that this usage

would obliterate any difference in scores.

Hypothesis 65

In order to test this hypothesis on the use of notation and achievement,

students were asked to show their work in solving one of the stoichiometry prob-

lems on the ACS-NSTA Cooperative Examination administered at the end of the

chool'year. Students' work was then classified into three categories: no

notation, some notation, complete notation.' Results of an analysis of variance

and the Scheffe procedure are shown in Tables 102 and 103, The analyses in-

dicate that a significant difference in achievement doe's exist according to the

amount of notation used. Students using complete notation achieved higher scores

on the test than students who used no and littlenotatiob.

Hypothesis 66

This hypothesis stipulated that there would be no differences in the amount of

notation used according tc the method students were taught to solve the chemistry

problems. Data were analyzed using chi-square, and the results `are given in Table

104. Although the results are not significant at the :05 level, means show that

students who were assigned to the factor-label treatment more frequently used

complete notation. This coupled with the results of hypothesis 65 indicates that

if differences in aptitude are ignored, this method may be preferred over the

62
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'other three.

Hypotheses 67 and 68

These two/hypotheses pertain to the amount of time students spent studying

a given unit according to whether the method used ,(treatment) matched or did

not match their aptitudes. Hypothesis 67 dealt with verbal-visual preference

and hypothesis 68 dealt with proportional reasoning ability.

To test the hypotheses a series of analyses of variance were run for in-

dividual lessons and for the, total time for the gas laws and molarity units.

Because there were no significant main or interaction effects for the total

time and inconsistent ones for several of the individual lessons for the verbal-

visual preference and verbal-visual treatments (hypothesis 67) no tables are

presenteA. For the proportional reasoning ability and proportionality method,

however, more consistent results were found. Time spent in learning four out of

six ofthe individual lessons were significant at the .05 level. Total times had

a probability level of .09 for the gzs law unit and .07 for the molarity unit.

Data are presented in Tables 105 - 108.

By comparing the Tables one can see that any significant findings are not

uniform across the two units of instruction. For the molarity unit, there is a

main effect in' that students of high proportional reasoning ability completed the

unit in a shorter period of time. This did not hold for the gas law unit where

differences in time are not significant. For the gas law unit there is a signif-

icant interaction effect that does not exist for the molarity unit. The inter-

action was not anticipated. Students with high proportional reasoning ability

spent more time when the proportionality method was used and low proportional

reasoning students spent more time when they used nonproportionality methods

(analog, diagram, factor-label). In the molarity analysis, although the inter-

action is not significant, low proportionality students spent most time with

the proportionality method. This appears to be more reasonable.
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The results of the above analyses must be inVrpreted,extremely cautiously.

The ntoMber of subjects per cell was quite low, and the treatments in some units

took' longer to complete than others. This was generally true of the proportion-

ality and analogy methods. It was for this reason that extra practice problems

were included in the larger aptitude by treatment interaction study. For this

analysis, times were recorded ,before students began the practice problems. Other

complicating factors were that some students used calculators and otheis did not.

There waS;little control over whether students marked their times properly or

spent part of this time talking to one another rather than working. These two

hypotheses were added as a result of the NSF director's meeting in March, 1980

and therefore little planning could take place to collect data and have the

necessary controls. As a result of the above plus the additional factors of

only being able to collect this data from a limited number of teachers over a

short time span near the end of the school year with no provision for students

to mark the time in their booklets, makes the findings tenuous. The question

remains-an interesting one, and probably should be pursued in a more controlled

manner than was possible in this study.,

Analysis of Questionnaires

The questionnaires that were administered at the end of the school year

(Appendix L) were ardlyzed by tallying data according to treatment and teacher.

'It was felt that responses were candid because students were not allowed to

identify themselves. Results are given in Tables 109 111 in terms of the four

treatments.

Table 109 which summarizes the mere objective questions shows that students

more frequently skipped over parts (or all) of the diagram and analogy methods

than the factor-label or proportionality method (question 1). This was supported

from student's answers to question 9, a free response item where students listed

what they liked least. Many students said that the analogies were stupid or
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insulting and the diagrams too complex, particularly for the gas law unit. In

general skipping the reading was done more at the end of the year than at the

beginning, except for the analogy unit where it seems quite uniform across units

(question 2). In many cases, however, students commented that they skipped only

when they understood the sample problems. If they didn't they went back and used

the diagram and analogies to help them understand the material.

Students in general found the method to which they were assigned quite use-

ful (question 3). This was true to a greater extent for'students assigned to

the factor-label and propOrtionality method. Students used the method all or

most of the time (question 4).

Questions 4 7 were included to determine the degree of contamination

within the study. Considering that the study lasted the entire school year, the

10% contamination rate (shown in question 5) is not surprising. This does not

include students who listed responses classified as "other" on the summary. For

the most part these students said that they learned to work the problem by study-

ing the sample problems in the packet or by using their ingenuity. These answers

cannot be considered to represent students not using their own booklets.

When students answered question 6 on how they modified the methods, the

majority mentioned that they combined or eliminated steps. The high percentage

of students that did this for the proportion unit is not unexpected. The pro-

portions took more space to write out and were longer units because of this. They

could easily have been shortened but the investigators felt that all steps should

be shown in the packets.

From question 7, it can be seen that sometimes students did borrow another

student's packet. Many mentioned that they were curious to see what the other

packets contained, and really didn't use the packet to learn a different method.

Question 8 gave students an opportunity to state what they liked most about

using the packets. Results are listed in Table 110 according to the frequency of
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response for 1% of the sample. Students most often mentioned that the packets

were very explanatory, had answers (solutions) given, and were fast and easy.

The most common thing that students liked least was the length of the packets

or the fact that there were too many. The next most common complaint was that

they were monotonous and boring. This might be due to the fact that students

frequently expressed a dislike for problems and felt that this was taking too

much time Trom lab.

Although no, data is summarized in this report according to classes or

teachers, it was interesting to'find variation in questions 8 and 9 according

to teacher. Some students in,particular classes said that this material was

easy, students in other classes said it was too hard. In some classes, students

complained that they didn't have) enough time, whereas in another class this was

never mentioned. In one particular set of classes where,students complained that

the material was boring, test scores were considerably below those reported by

all other teachers. For this reason, even though more contamination of treatments

was possible, by having all four treatments in each classroom the decision to

design the study in this manner probably minimised these other effects over which

no control was possible.

Summary and Conclusions

This aptitude by treatment interaction study has shown that the aptitudes of

mathematics anxiety and proportional reasoning ability are related to students

success in solving problems in high schooljthemistry. Students of high mathematics

anxiety score significantly lower than students of low mathematics anxiety. Stu-

dents of High proportional reasoning ability score higher than students of low

proportional reasoning ability. Both of these findings are not surprising.

Teachers are probably more aware of the relationship of proportional reasoning

ability and success than the mathematics anxiety relationship. As teachers be-

come more aware of the latter they will probably incorporate into their lessons

teaching strategies that will reduce this anxiety.
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Certain methods used in this study were less mathematical and more visual

than others. These were the use of analogies and the use of diagrams. The more

mathematical were the factor-label method and proportionality. The best method

in general (main effect) for the moles, unit where less contamination could be

. expected (used first in all classroomS) was the factor-label method'and the worse

method was proportionality. For the ,gas laws, however, in which the laws them-

selves are stated as proportions, the proportionality method was most effective

and diagrams and analogies least effective. These results show that either ie

teaching strategies are subject matter specific or that the proportionality method

becomes more effective over time (the gas laws were studied later in the -school

year in most instances).

Of more importance than the main effects in this study was the aptitude by

treatmentinteraetItivel'indings. Of greatest interest are the results found for

students of high mathematics anxiety and low scores on another aptitude. For

students bf this type,:the less mathematical approaches frequently appe'ar to be

superior. It was found to be rather consistently true that the diagram method

was superior for students of high mathematics anxiety and low visual preference

for the immediate posttests for the four chemistry units (significant on trend

in that direction). The same was true for the Decimal Subtest (significant) and

Nondecimal Subtest (trend). For students having high mathematics anxiety and low

proportional reasoning ability, the analogy method, the other les mathematical

strategy, was best (significant) followed by the diagram method for the Gas Laws

Ipmediate Posttest.. Although not significant, the diagram method appeared to be

somewhat better'in two of the other three units on this same dependent measure.

These results seem to indicate that students with high mathematics anxiety

and the ab 'nce of another aptitude (visual preference or proportional reasoning

ability) profit by methods that contain supportive material that is not mathematical

in natur0. Analysis of the questionnaire substantiates this. Many students did
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not use the analogies or diagrams but skipped to thesample problems. These

studepts were likely to be the low mathematics anxious students. (There was

no way to check on this because students answered questionnaires anonymously.)

, Many students commented that they toured the diagram and analogies beneficial

and particularly so when they didn't understand sample problems. Several

commented that that is when they used the analogies or diagrams. These were

probably the mo'e mathematics anxious students.

These findings indicate that it might be profitable for teachers to use

supplemental, less mathematical approaches with high mathematics anxious students

who also are deficient in proportional reasoning ability or have low visual

preference. These methods might also be profitable for either students if they

are used more directly, that is, taught to the student by the teacher rather'

than from a packet. Students would probably be less likely to tune out the

(teacher explaining the diagram and analogy an 4 eould obtain immediate

clarification.

Two less important findings from the first phase of this study were the

positive relationship between success and the use of notation in problem solving,

and the significant difference between the Decimal and Nondecimal Subtests.

Students should be encouraged to abel their numbers-if they expect to be

4\463successful. Teachers, if they are t ting for the Understandiag2g concepts, .

should avoid using decimals in test problems.

6 0"



Table 4

Summary of Results of Aptitude x Treatment Interactim

Hypothesis Effect
MO
QT'

GL
QT

S

QT
MLQTTTTTTOTI1BMO GL S rj ACS ACS

NPROB
TR NTR DE NDE

1 V or -I .01 b .05b .05b

2 M .01a .01 .01 .01 .05 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01

3 P .01 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01 .01- .01 .01 .01

4 Treatments .01 .05

.01 .01

b A .01 .01

7 U .05

8 F .05

9 V or I x
Treatments .05b

10 V or I x D

11 V or I x A .01b

12 V or I x D

13 V or T x F

14 M x Treatmens

15 M x P

16 M x A
cr.

17 M x D

18 M x F
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Hypo esis Effect

Table 4 (continued)

Summary of Results of Aptitude x Treatment Interaction Study -=-

MO S ML MO GL S ML ACS ACS ACS TR
QT QT QT QT T T T T TOT PROB NPROB

NTR

19 P x Treatments .05

20 P x F

21 P x A

2",; P x D .05

23 P x P

24 Vxlx
Treatments .01

25 VxIxF
26 VxIxA .05

27 VxIxD .05

28 VxIxP

29 V orIxMx
Treatments .05b

30 V or IxMxP .01b

31 V or I x NI x A .05b

32 V or I x Nix D .01b

33 V orIxMxP

34 V orIxPx
Treatments .05c

35 V orIxPxF

36 V orIxPxA .0sc
71

DE NDE

o'r

. 05 b

.01b
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Hypothesis Effect

Table 4 (continued)

Summary of Results of Aptitude x Treatment Interaction Study

MO GL S ML MO GL S ML ACS ACS ACS TR NTR DE NDE

QT QT QT QTTTTT' TOT PROM NPROB

37 V or IxPxD

38 Vor IxPxP

39 Mx P x Treatments .05

40 MxPxF .05

41 MxPxA .05

42 MxPxD

43 MxPxP

44 Vx IxMx
Treatments

45 VxIxMXF

46 Vx IxMxA

47 Vx IxMxD

48 VxIxMxP

49 VxIxPx
Treatments

50 VxIxPxF

51 Vx IxPxA

52 VxIxPxD

53 Vx IxPxP

%d



Table 4 (continued)

Summary of Results of Aptitude x Treatment Interaction Study

MO GL S ML MO GL S ML ACS ACS ACS TR NTR DE
Hypothesis Effect CIF QT QT QT T T T T TOT PROS NPROB

54. V or IxMxPx
Treatments

55 V orIxMxPxF

56 V or IxMxPxA

57 V or IxMxPxD

58 V or I x Mx P x P

59 Vx IxMxPx
Treatments

60 V x IxMxPxF

61 V x I x M x P x A

62 V x I x M x P x D

63 V x I x M x P x P

NDE

Nvel of significance
DI Visal
cV Velbll

Units Dependent Measures

(QT)
(T)

Moles (MO)

Gas Laws (GL)

Immediate Posttest (Quiz Total)
Delayed Posttest

Treatments
Stoichiometry (S)
Molarity (4L)

ACS-NSTA Examination in H.S. Chem.(ACSTOT)
ACS-NSTA Problems Subtest (ACSPROB)

Factor-Libel (F) ACS-NSTA Nonproblems Subtest (ACSNPROB)
Analogy (A)

Aptitudes Transfer Items Test (TR)
Diagrams
Proportionality

(0)

(P)
(V)
(I)

Nontransfer Items Test
Decimal Subtest

(NTR)

( DE)

Verbal
Visual .

Proportional Reasoning (P) Nondecimal Subtest ( NDE)
Mathematics Anxiety (M)
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Dapenitent

Measu:vs

MCQT

GLQT

SQT

MLgI

MOT

GLT

ST 1,

AOTOT

'SPROB

ACSNPROB

TR

NTR

\
NDE

DE

Table 5

Main Effects Sumnary, Hypotheses 1 3'

Aptitudes

65

WQV WQI EARSTOT PPRT
B aR4 B A Rh B A R2 B A Rh

-.0240 .0001 +.0392 .0022 -.0077 '.0241 +.2006 .0744

-'.0249 .0006 +.0298 .0034 -.0051 .0202 +.0700 .0302

-.0140 .0004 +.0375 .0015 -.0076 .0244 +.1281 .0725

-.0154 .0013 +.1122 .0223 -.0055 .0150 +.1583 .0623

+.0052 .0017 +.0269 .0036 -.0016 .0103 +.1735 .1125

-.0316 .0020 +.0220 .0019 -.0048 .0131 +.1305 .0664

-.0317 .0005 -.0193 .0005 -.0090 .0356 +.1737 .0818

-.00t8 .0000 +.0109 .0002 -.0061 .0231 +.1460 .0595

-.0197 .0002 -.0356 .0018 -.1026 .0302 +.5486 .1867

+.0092 .0002 +.0293 .0021 -.0044 .0215 +.1966 .1367

+.0069 .0009 +.0524 .0006 -.0073 .0236 +.3937 .1609

-.0170 .0018 +.0039 .0017 -.0066 .0468 +.1745 .1378

-.0519 .0001 +.0318 .0014 -.0157 .0440 +.4770 .1455

-.0130 .0003 +.0575 .0104 -.0051 .0223 +.1197 .0742

-.0271 .0023 +.0427 .0133 -.0048 .0364 +.0812 .0584

)

Units Dependent Measures
NiEles (MO) Immediate Posttest (Quiz Total) (QT)
/Gas Laws (GL) Delayed Posttest (T)
Stoichiometry (S) ACS-NSTA Examination in H.S.Chem. (ACSTOT)
Molarity (ML) ACS-NSTA Problems Subtest (ACSPROB)

ACS-NSTA Nonproblems Subtest (ACSNPROB)
Aptitudes Transfer Items Test (TR)

Verbal (WQV) Nontransfer Items Test (NTR)

Visual (WQI) Decimal Subtest (DE)

Proportional Reasoning MARSTOT) Nondecimal Subtest (NDE)
Mathematics Anxiety (PPRT)
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Table 6

ACS-NSTA Chemistry Achievement Test (ACSTOT):

General Regression Equation

ACSTOT = -.0197(V)-- .0356(1) .10258 (MARSTOT + .5486(PPRT)

132.943(X3) 45.975(X2) 91.447(X1) 5.200(VX2)

2.645(VX1) 8.140(VX3) 5.328(1X3) + 1.085(IX2)

+ 5.292(IX1) + .5236(MX1) - .7576(MX3) + .2479(MX2)

+ 6.907(PX2) + 3.655(PX1) 8.789(PX3) .1930(VIX1)

+ .3486(VIX3) .1975(VIX2) .0165(VMX1) .0261'-

(01A2) + .0466(VIsIX3) .0327(INX1) 4 .0328(INX3)

.J0736(TNX2) .5980(VPX2) .0193(VPX1) + .4938

(VPX3) .2216(IPX1) + .3426(IPX3) .2694(IPX2)

.0238(PMX1) .0346(PMX2) +.04780(PMX3) + .00132

(VMA1) .00216(VEMX3) + .00103(VIMX2) + .00513

(VIPX1) + .0258(VIPX2) .0206(11.1PX3) + .000372

(VPMX1) + .00306(VPMX2) .00279(VPMX3) + .00161

(IPMX1) + .00139(1PMX2) .00199(IPMX3) .0000548

CVIPM(1) .000133(VIMMX2) + .000127(VIPMX3)

+ 14.225

Where WQV (V) = 15.807 MARSTOT = 184.546

WQI (I) = 18.020 PPRT = 12.614
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Table 7

AtS-NSTA Chemistry Achievement Test (ACSTOT):

Main Effects Regression Equation

Equation: ACSTOT = -.0114 (dARSTOT) + .552 (PPRT) + 13.819

73
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Table 8

NSTA Chemistry Achievement Test (ACSTOT):

F Tests for Possible Significant Effects

68

Mean = 17.969 S.D. = 5.368 Cases = 528 Max. = 40

Predictor t, R2 F Sig.Level

MARSTOT .0;i019

PPRT ,18671 '''

IX3 .00026
1X2 .01199
IX1 .00024

.03019/.001526a=

.18671/.001526 =122.35

.01249/3

19.78 .01

.01

.05
.001526

.012W

IX3 .00026 .00026/.0015n = .17 NSb

IX2 .01199 .01199/.001526 = 7.86 .01

IX1 .00024 .00024/.001526 = .16 NS

.00750
BAS .00008

.00778/
3 = 1.70 NS

IMX2 .00020 .001526
.00778

PMX1 .00144
PMX2 .00022 .00883/3

= NS
PMX3 .00717 .001526

.00883

a.
rror Term = (1-.29786)/475-15

bNS = Nonsignificant

= .001526

ti

ti



Table 9

ACS-NSTA Chemistry Achievement Test (ACSTOT):

Calculations for "Fourth" Effect

Visual X Treatment Interaction

Effect B S.E.B.

1K3 +.158 .103 /

IX2 , -.287 .102

al +.0417 .104

B4 = - E B1 = -(.158 - .287 + .0417) = .0873

S.E.B.4 = E S.E.B.i .103 +,.102 + .104 = .103

3 3

t
4

=
B
4 = .0873 = .8516

.E .13.4 .103

NS

81
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Table 10

ACS -NSTA Chemistry Achievement Test ( ACSTOT):

Visual Preference (VVQI) X Treatment (X1-1:3) Interaction

Strategy

70

Dummy Variables uatio

Proportion

Analogy

Diagram

Factor-Label

X3 = 1 ACSTOT = .15381 + 15.115

X2 = 1 ACSTOT = -.33841 + 24.289

X1 = 1 ACSTOT = -.01941 + 17.912

X3 = X2 = XI = -1 ACSTOT = .061SI + 16.732

4



Table 11

ACS-NSTA Chemist-1'r Achievement Test-(ACSTOT):

Substitution of Extreme Values for

WQI (2 -0 23)

WQI TREATMENT

PREDICTED
ACSTOT

2 .31 P 15.115 15.42

23 3.54 P 15.115 18.65

2 -.68 A 24.289 -23.61

23 -7.78 A 24.289 16.51

2 -.04 D 17.912 17.87

23 -.45 1) 17.912 17.47

2 ".12 F 16.732 16.85

23 1.41 F 10.732 18.15
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Figure 5. ACS-NSTA Chemistry Achievement Test (ACSTOT): Visual Preference (VVQI) X r.:.eatment
(X1-X3) Interaction
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Table 12

Nontransfer Items Test (NW: General Regression Equation

NTR = -.0519(V) + .0318(I) .0157(HARSTOT) + .4770(PPRT)

4.409(X2) 2.844(X1) .5345(X3) 2:000(VX2)

+ .439,2(VM + 1.569(VX1) f ,8081(1X3) .2881(1X1)

+ .4030(1X2) .0802(MX1) .1650(MX3) + .1201(14X2)

+ 1.233(PA2) 2.973(PX1) + 2.797(PX3) .0899(VIX1)

.0677(V1X3) + .0835(VIX2) .00836(VMX1) + .00685

(VMX2) + .0111(V4)(3) + .00470(1M/6) + .00402(IMX1)

= .00747(1NX2) + .1099(VPX2) .0461(VPX1) .1811

(VPX3) + .1756(1PX1)- .2107(IPX3) .0812(IPX2)

+ .0195(PMX1) .0146(PMX2) + .00158(PMX3) -1 .000322

(VIMX3) + .000491(VJNX1) .000245(VIHX2) + .00204

(VIPX1) 90328(V1PX2) + .0133(V1PX3) .000249(VPMX2)

+ .000375(VMA1) - .000293(VPMX3) + .000846(111X2)

.00101(IPMX1) + .000242(1PMX3) + .000000575 (VII

.0000216(VIPMX1) .00000702(VIPMX3) + 18.265

= 15.807 = 184.546Mere VVQV (V) MARS? OT

WQI (I) = 18.020 PPRT' = 12.614
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Table 13

Nontransfer Itesm Test (NTR): ;lain Effects Regression Equation

Equation: NTR = -.0158 (NIARSTCT) + .482 (PPRT) + 18.935

iv



Table 14

75

Nontransfer Items Test (NTR):' F Tests for Possible Significant Effects

Mean = 21.234 S.D. = 5.296 Cases = 436 Max. = 30

Predictor A R2 e F Sig.Level

MARSTOT

PPRT

VX2
VX3

.04400

.14551

.04400/.001891a= 23.27

.14551/.001891 = 76.95

-00560/3
.987

.01

.01

NSb
.00008

.00094'

VX1 .00458 .001891
TOISTRY

PX2

PX1

.00209

.01138
.01569/3 2.77 .05

PX3 .00222 .001891

PX2 .00209 .00209/.001891 = 1.11 NS

PX1 .01138 .01138/.001891 = 6.02 .05

PX3 .00222 .00222/.001891 = 1.18 NS

VTPX1
VIPX2

.00020

.00004
.00920/

3 = 1.62 NS

VIPX3 a .00896 .00189F

.00920

aError Term - (1-.27583)/383 = .001891

bNS = Nonsignificant
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Table'15

Nontransfer Items Test (NTR): Calculations for "Fourth" Effect

Proportional Reasoning X Treatment Interaction

Effect B S.E.B.

PX2 +.0107 .1)897

PX1 +.261 .0957

PX3 -.114 .103

B4 = -E Bi = (.0107+,261-.1_4) = -.158

S.E.B.4 E S.E.B.i = .0897 + .0957 + .103 = .0961
3 3

t, =
B
4 = -.158 =-1.64

" S.E.B.4 .0961
NS



Table 16

Nontrangfer Items Test (NTR):

77

Proportional Reasoning (P) X Treatment (X1 -X3) Interaction

Strategy Dummy Valbles Equation

Proportion X3 = 1 NTR . .2757P + 17.440

Analogy X2 = 1 NTR = .4725P + 14.570

Diagram X1 = 1 NTR = .7190P + 11.958

Factor-Label A3 = X2 = X1 = -1 NTR = .4382P + 16.514
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Table 17

Nontransfer Items Test (NTR):

Substitution of Extreme Values for

PPRT (1+ 21)

PPRT TREAMINT
PREDICTED

NTR

1 .28 P 17.440 17.72

21 5.79 P 17.440 23.23

1 .47 A 14.570 15.04

21 9.92 A 14.570 24.49

1 .72 Ii 11.958 12.68

21 15.10 D 11.958 27.06

1 .44 I. - 10.514 16.95

21 9.20 F 16.514 25.72*.

O

9 ;
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Figure 6. Nontransfer Items Test (NTR): Proportional Reasoning (P) X treatment (X1-X3)
Interaction
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Table 18

Transfer Items t CI 1:):. General Regression Equation.

TR = -.0170(V) + .00392(1) .00656(MARSTOT) * .1745(PPRT)

+ 34.333(A3) 19.197(X2) 31.051(X1) + .3743(VX2)

2.165(VX3) + 2.634(VX1) 1.458(IX3) + 1.870(IX1)

+ 1.396(1X2) + .1540(MX1) .2790(MX3) + .1804(MX2)

+ .8381(PX2) + 1.039(PX1) 1.839(PX3) .1474(VIX1)

+ .0879(VIX3) .0433(VIX2) .0125(VMX1) .00761

(VMX2) + .0177(M3) + .0128(EMX3) .00983(IMX1)

.0110(11k1X2) + .0514(VPX2) .1344(VPX1) + .1106(VPX3)

.0691(17X1) + .0711(IPX3) .0774(IPX2) .00442(PMX1)

.0117(PMX2) + .0167(PMX3) .000777(VIMX3) + .000727

(VIMX1) + .000498(VIMX2) + .00760(VIPX1) .000572(VIPX2)

.00396(VIPX3) /+ .000196(VR44 .000584(VPMX1)

.0000997(VAIX3) + .000742(IPMX2) + .000364(IPMX1)

7.1
M0749(IPMX3) .0000191(VIPMX2) .0000364(VIPMX1)

+ .0000416(VIP4X3) + 4.984

Where WQV (V). =' 15.897 11A4STOT = 184.545

VVQI (I) = 18.020 PPRT = 12.614



Table 19

Transfer Items Test (TR): Main'Effects Regression 1quation

Equation: TR = -.00616 ,(MARSTOT) + .175 (PPRT) + 5.208

4

95
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Table 20

Transfer Items Test (TR): F Tests for Possible Significant Eflects/

111
Mean = 5.818 S.D. = 1.971 Cases = 435 Max. = 10

Predictor A R- F Si4.Level

MARSTOT .04634 .04684/.001901a= 24.64 .01

PPRT .13779 .13779/.001901 = 72.48 .61

VIPX1 *046
VIPX2 .00562

.00926/
3 = 1 62 NSb

VIPX3 .60318 .001901
.00926

I1 2

IR4X1
.00545.

.00181
.00772/3

= NS
(iIMPX3 .00046 .001901

TD-0772

a
hrror Term = (1-.27372)/382 = .001901

NS = Nonsignificant

2

9i;
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Table 21

Transfer Items Test (TR):
O

Proportional Reasoning (P) X Treatment (X1 -X3) Interaction

Strategy Dummy Variables EqUation

Proportion X3 = 1 TR = .1064P.+ 4.318

Analogy .X2 = 1 TR = .1436P + 3.807

Diagram X1 = 1 TR = .1936P + 3.354

Factor-Label X8 = X2 = xl = -1 TR = .4684P + 2.823



Table 22

Trans P.m. Items Test (TR) :

Substitution of Extreme Values for

FPRT (1 +21)

PREDICTED
PPRT TREAINENT TR

1 .11

21 2.23

1 .14

21 3.02

1 .1)

21 4.07

1 .47

21 9.84

ki

P 4.318 4.42

P 4.318 6.55

A 3.807 3.95

A 3.807 6.82

D 3.554 3.55

D 3.354 7.42

F 2.823 3.29

F 2.823 12.66

9

84
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Figure 7. Transfer Items Test (TR): Proportional Reasoning (P) X Treatment (X1-X3) Interaction



Table 23

Moles Immediate Posttest (140QT): General Regression Equation

MOAT = -.0240(V) + .0392(1) .00765(MARSTOT) + .2006(PPRT) +

94.073(X3) + 7.437(X2) 77.426(X1) .9334(VX2) +

2.862(VX1) 5.322(03) 5.195(1X3) .5553(1X2) +

4.7Z1(,1X1) + .3781(MX1) .5833(MX3) .0219(MX2) +

.7620(PX2).+ 4.069(PX1) 6.328(PX3) .1993(VIX1) +

.2767(VIX3) + .0.623(VIX2) .0141(VMX1) + .00625fVMX2) +

.03220MX3) .0244(1MX1) + .0327(11MX3) + .00139(1MX2)

.0207(VPX2) .1286(VPX1) + .3733(VPX3) .2484(IPX1) +

3456(IPX3) .0241(IPX2) .0198(PMX1) .00895(PMX2) +

.0434(PMX3) + .00108(VE4X1) .00174(V1MX3) : .000355

(VIMX2) + .00987(VIPX1) .000272(VIPX2) .0195(VIPX3) +

.000699(VFNX1) + .000294(VPMX2) .002t6(VPMX3) + .00134

cIMPX1) + .000411(IMPX2) .00242(IPMX3) .0000612(VIPMX1)

.00000984(VIPMX2) + .000139 (VIPMX3) + 15.653

Where WQV (V) = 15.807 MARSTOT = 184.546

VVQI (I) = 18.02" PPRT = 1Z.614

102.



Table -24

Mbles Ininediate Posttest 029I): Main EffectsRegression Equation

Equation: I4OQT = ;00675 (MARSTOT) + .197 (PPRT) .887 (X3) +

.0471 (X2) + .404 (X1) + 16.018

Where MANSTOT 184.56 PPRT 12.614

Strategy Dummy Variables MOQT

, Proportion

Factor-Label

X3 = 1 16.370a

X2 = 1 17.304

X1 = 1 . 17.661

X3 = 1C2 0011 = -1 17.693b

oe'
aSignificantly lower than mean

bSignificantly higher than mean

1 0

87
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Table 25

Nbles Immediate Posttest (401QT): F Tests for Possible Significant Effects

Mean = 17.191 S.D. = 3.041 Cases = 528 Max. = 21

Predictor 11 R2 F Sig.Level

.MARS TOT .02408 .02408/.0017107a= 14.08 .01

PPRT * .07441 .07441/.0017107 = 43.50 .01

X3 .02213
X2 .00126 .02936/3

=
5.72

.01
X1 .00597 .0017107

Ili?

.02936

X3 .02213 .02213/.0017107 = 12.93 .01

X2 - .00126 4)0126/.0017107 = 0.74 .
.NSb

X1 .00N7 .00597/.0017107 = 3.49 NS

VIX1 .01028
VIX3 .00316

.02082/
3 = 4.06 .01

VIX2 .00738 .00 7107
.02082

VIX1 .01028 .01028/.0017107 = 6.01 .05

VIX3 .00316 .00316/.0017107 = 1.85 NS

VIX2 .00738 .00738/.0017107 = 4.31 .05

LMX1

DDC3

L.D(2

.00849

.00364

.00001

.01214/3
NS

.0017107

TUITIT

VPMX1 .00599
VPMX2 .00053

.00652/
30= 1.27 NS

1?MPX3- .00000 .0017107
.00652

aErtor Term = (1-R full)/df full = 1-.23699 = .0017107

bNS = Nonsignificant

475-29

103



1Nbles limed (to Posttest (MJQT): Calculations for "Fourth" Effect .

Table 26

89

FactorZLabel Treatment Effect (Cohen and Cohen, 1975 p.193)

tg -g L Bi'

qg-1.)2 +

ni

df = n-k-1

= sd2Y (1-R2) n = 3.0412. (1-.13011) 528-29 = 8.176

n-ki 52g-7-1-29

t4 = -4(-.887 + .0471 + .404)

/R.176 3 + 1 + 1 + 1

12 r15- 136,

t
4

= 1.744

/ 8.176(.08964)

= 2.04 . -Sig. at p <.05

Verbal X,Visual X Trcatmenrirraction

Effect B StE.B.

VIX1 -.0194 -.00959

VIX3 +.0235 .0109

VIX2 -.0227 .0107

B4 = E Bi = -(-.0194

S.E.B.4 = D,S..B.i =

+ .0235

.00959

.0227)

+ .0109

=

-1-*

.0186

.0107 =

NS

.0104

3

BA
t4 = = .0186 = 1.79

3

S.E.B.4 .0104



Tape 27

Moles immediate Posttest (M(Qr):

Verbal Preference (VVQV) X Visual Preference (VVQI) X

Treatment (K1-X3) Interaction

a

Strategy Dummy Variables Equation

Proportion X3 = 1 MOQT = -.6S8V-.3901+.0337V1+24.410

Analogy X2 = 1 MOQT =. .619V+.3941-.0295VI+8.949

Diagram. X1 = 1 MOQT = .241V+.2431-:0180VI+14.361

Factor-Label X3 = X2 = X1 =-1 14)g.. -.285V-.07381+.0133V1+19.276

O



6.
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Table 28 6

Moles Immediate PoSttest. (40QT):

Substitution of Extreme,Values for.
WQV (1,30) and VVQI_12 - 23)

p
1

VVQV WQI VI TREATMENT

PREDICTED
MOAT

-.66 2 -.78 2 .07 P 24.410 23.04

30 -.20 2 -.78 60 2.02 P 24.410 5.91

1 23 -8.97 23 .08 P 24.410 14.86

30 -.20 23 _-8.97 690 23.25 P 24.410 111.95

1 .62 2 .79 2 -.06 Po 8.949 10.30

30 18.57 2 .79 60 -1.77 A 8.949 26.54
%

.62 .23 9.06 23 -.68 A 8.949 17.95

30 18.57 23 9:86 690 -20.36 A 8.949 16.23

1 .24 2 .49 . - 2 -.04 D 14.361 A5.05

30 '7.23 2, .49 60 -1.08 D 14.361 21.00

1 .24 23 5.59 23 -.41 D .14.361 19.78

30 7.23 23 5.59 690 12.42 D 14.361 14'.76

1 -.28 2 -.15 2 .01 F 19:276 18.87

30 -8.55 2 * -.15 60 .80 F 19.276 11.38

1 -.28 23 -1.70 2 .31 F 19.276 17.80

30 -8:55 23 -1.70 690 9.1 F 19.276 18.21

I 0 I;
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Figure 8. Moles Immediate Posttest (400QT): Verbal Preference (WQV) X Visual Preference (VVQI) X

Treatment (X1-X3) Interaction
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Table 29

Gas Laws 'mediate Posttest (GLQT):

Verbal Prefer ace (VVQV) X Visual Preference (VVQI) X

Treatment (X1 -X3) Interaction

93

Strategy Du my Variables Equation

g Proportion X3 = 1 GLQT =-.2663V-.13781+.0134V1+13.832
--,.,

Analogy X2 - 1 GILT = .3623V+.27431-.0190VI+4.606

Diagram X1 = 1 GLQT = .0362V-.007781-.00121VI+10.525

Factor-Label X3 = X2 = X1 = -i GLQT =-.1820V-.009081+.00686VI+11.229
--..,....- .

01,.;
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Table 30

Gas Laws lianediate Posttest (GLQT):

Substitution of Extreme Values for

VVQV (1 -P 30) and .VVQI (2 -P 23)

V VQV VVQI VI TREATMENT
PREDICTED

GLQT

1 ,..:-.27 2 -.28 2 / .03
illik

P 13.832 13.32.

30 -7.99 . 2 -.28 60 .80 P 13.832 6.37

1 -.27 23 -3.17 23 .31 13.832 10.70

30 -7.99 23 -3.17 690 9.25 P 13.832 11.92

1 .36 2 .55 2 -.04 A 4.606 5.48

30 10.87 2 .55 60 -1.14 A 4.606 14.88

1 . .36 23 6.31 23 -.44 A 4.606 10.84

30 10.87 23 6.31 690 -13.11 A 4.60o 8.67

1 .04 2 -.02 2 -.00 1) 10.525 10.54

3U 1.09 2 -.02 60 -.07 D 10.525 11.52

1 .04 23 -.18 23 -.03 D 10.525 10.35

30 1.09 23 -.18 6.90 -.83 D 10.525 10.60

1 -.18 2 -.02 2 .01 F 11.229 11.04

30 -5.46 2 -.02 60 .41 F 11.229 6.16

1 -.18 23 -.21 23 .1G F 11.229 11.00

g30 -5.46 23 -.21 690 4.73 F 11.229 10.29



/ 2
Figure 9. Gas Laws Immediate Posttest (GLQT): Verbal Preference (WQV) X Visual Preference (VVQI)

X Treatment (X1 -X3) Interaction



Table 31

Stoicniometry lEmiediate Posttest (SQT):

Verbal Preference (VVQV) X Visual Preference (VVQI) X

Treatment (A1 -X3) Interaction

Strategy

Proportion

Analogy

Diagram

Factor-Label

96

Dummy Variables Lquation

X3 = 1 = +.0704V+.07951-.00301V1+7.529

I
X2 = 1 SQT = -.211V-.1281+.00945VI+12.179

Al 1 SQT = -.110V-.03161+.00435VI+10.379,

A3 = X2 = X1 =-1 SQT = +.190V+.2311-.0108V1+5.605

iiimi=r
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Table 32

Stoichiometry Immediate Posttest (sqn :

Substitution of Extreme Values for

WQV (1 430) and WQI (2 23)

WQV WQI VI TREATMENT
PREDICTED

SQT

1 .07 2 .16 2 -.01 P 7.529 7.75

30 2.11 2 .16 60 -.18 P 7.529 9.62

1 .07 23 1.83 23 -.07 P 7.529 9.36

2.1r- 23 -h-83 690_ _____ -2.48 P 7.529 9.39
30

1 -.21 2 -.26 2 .0,! \ A 12.179 11.73

30 -6.33 2 -.26 60 .57 A 12.179 6.16

1 -.21 23 -2.94 23 .22 A 12.179 9.24

30 -6.33 23 -2.94 690 6.52 \ A 12.179 9.43

1 -.11 2 -.06 2 .01 D 10.379 10.21

-3.30 2 -.06 60 .26 0 10.379 7.28

1 -.11 23 -.73 23 .10 P 10.379 9.64

30 -3.30 23 -.73 690 3.00 D 10.379 N.9.35

1 .19 2 .46 2 -.02 F 5.605 6.24

30 5.70 2 .46 60 -.65 _F 5.605 11.12

1 .19 23 5.31 23 -.25 F 5.605 10.86

30 5.70 23 5.31 690 -7.45 F 5.605 9.17
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Figure 10. Stoichiomet

1 2

ry Immediate Posttest
(VVQI) X Treatment

(SQT): Verbal Preference
al-X3) Interaction

(VVQV) X Visual Preference

116

sQT
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.%. Proportion

Analogy

Diagram

Factor-Label

Table 33

Mblarity Immediate Posttest (MLQT):

Verbal Preference (WQV) X Visual Preference (VVQI) X

Treatment (X1-X3) Interaction

99

Dummy Variables Equation

X5 = 1 MLQT = .1347V+.31831-.00781VI+5.178

X2 = 1 MLQT = .2689V+.35131-.0133V1+4.448

Xi = 1 MLQT = -.0614V+.07101-.000360VI+11.228

X3 = X2 = X1 = -1 MLQT = -.4059V-.27671+.0214VI+16.968

1I7
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Table 34

NoIarity Immediate Posttest NLQT):

Substitution of Extreme Values for

vqy (1+ 30) and WQI (2 +23)

100

VVQV WQI VI TREATMENT
PREDICTED

14ILQT

1 .13 2 _64 2 -.02 P 5.178 5.93

30 4.04 2 .64 60 -.47 P 5.178 9.39

1 .13 23 7.32 23 -.18 P 5.178 12.45

30 4:04 23 7.32 690 -5.39 P 5.178 11.15

1 .27 ,.
r- '

5
.70 2 -.03 A 4.448 5.39

30 8.07 2 .70 60 -.80 A 4.448 12.42

1 .27 23 8.08 23 -.31 A 4.448 12.49

30 8.07 23 8.08 690 -9.18 A 4.448 11.42

1 -.06 ,' .14 2 -.00 D 11.228 11.31

30 r1.84 2 .14 60 -.02 D 11.228 9.51

1 -.06 23 1.63 23 -.01 D 11.228 12.79

30 -1.84 23 1.63 690 -.25 D 11.228 10.77

1
.

-.41 2 , -.55 2 .04 F 16.968 16.05

30 -12.18 2 -.55 60 1.28 F 16.968 5.52

1 -.41 23 -6.36 23 .49 F 16.968 10.69

30 -12.18 23 -6.36 690 14.77 F 16.968 13.19

113
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Figure 11. Mblarity Immediate Posttest (414T): Verbal Preference (VVQV) X Visual Preference

(VVQI) X Treatment (X1 -X3) Interaction
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Table 35

Stoicitiontetry Immediate Posttest (SQT): General Regression Equation

SQT = -.0140(V) + .0375(I) .00757.(MARSTOT) + .,1281(PPRT) +

35.892(X3) 27.270(X2) 23.524(X1) + .8876(VX2) .6725

(VX1) 1.498(VX3) 1.773(IX3) + 1.146(14 + 1.559(iX1)

+ 1431(11) .2327(MX3) + ,1380(MX2) +.3.031(PX2) + 1.158

(PX1) 3.296(PX3) + .00679(VIX1) + .0728(VIX3) .0335

(VIX2) + .000240(VMX1) .00167(VMX2) + .0104(VMX3)

.00993(IMX1) + .0116 (IM ,00595(11X2) .1304(VPX2)

+ .0623(VPX1) + .1508(VPX3) .0926(IPX1) + .1539(IPX3)

.1269(IPX2) - .00689-(PMX1) -,..0142(PMX2) + .0203(PMX3)

+ .000181(VIMI) .000522(VIIIX3) + .0000243(VIM)

.000746(VIPX1) + .00536(VIPX2) .00702(VIPX3) .000109

(VPMX1) + .000373(VPMn) .000465(VP1a3) + .000590

(IPMX1) + .000596(D8'X2) .000976(IMPX3) - .0000114

(VIPKIC1) .0000125(VIMPX2).+ .0000469(VIMP)U) + 8.70A

Where VVQV (V) = 15.807 MARSTOT = 184.546

VVQI (I) = 18.620 PPRT = 12.614

102

,r



Table 36

103

Stoichiometry Lmmediate Posttest (SQT): Main Effects Regression Equation

Equation: SQT -.00545 (MARSTOT) + .152 (PPRT) + .8546 .

122

E. '

4

4.4

4
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Table 37

Stoichiometry Immediate Posttest (SQT): F Tests for Possible Significant Effects

4

Mean = 9.451 S.D. = 2.376 Cases = 528 Max. = 12

Predictor 4 A R2 Sig.Level

IN4ARSTOT .02436 .02436/.001774a= 13.73 .01

PPRT .07245 .07245/.001774 = 40.84 .01

IMX1

IMX3
.01257

.00000
.02056/3

= 3.86 .05
IMX2 00799

15"ZUW
.001774

111X1 .01257 .01257/.001774 = 7.08 .01

______---LRE3 .00000 NS
b

IMX2 .00799 .00799/.001774 = 4.5 .05

'VPMX1

`VPMX2
.00627

.00170
.00872/

3 = 1.64 NS
VPMX3 .00075 .001774

.00872

aError Term =(1-.18404)/475-15 = .001774

bNS = Nonsignificant

12,3
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Table 38

Stoichiometry Immediate Posttest (SQT): Calculations for "Fourth" Effect

Visual X Math Anxiety X Treatment Interaction

Effect

INX1

IMX3

BDC2

4

B S.E.B.

-.00162 .000968

+.000663 .00100

-.00223 .00103

B4 = - E Bi = -(-.00162 + .000663 - .00223) = .003187

S.E.B .4
'4 .1 = .000968 + .00100 + .00103 = .000999

3 3

t4 = B4 = .003187 = 3.19 p < .01
Trig .000999

124
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Table 39

Stoidiiometry Immediate Posttest (SQT) :

Visual Preference (WQI) X Mathematics Anxiety (M) X

Treatment (X1 -X3) Interaction

Strategy Dummy Variables Equation

Proportion X3 = 1 SQT = -.04251-.0121M+.00040IM+10.844

Analogy X2 = 1 SQT = .1211-.00057M-.000882IM+9.177

Diagram X1 = 1 SQT = .3871+.0306M-.00190EM+2.981

Factor-Label X3 = X2 = X1 = -1 SQT = -.314I-.0482M+.00202IW17.527

125
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Table 40

Stoichiometry Immediate Posttest (SQT):

Substitution of Extreme Values for

WQI (2 +23) and MARMOT (7.01 -649)

WQT MARSTOT IN TREATMEW
PREDICTED

SOT

2 -.06 101 -1.22 202 .08 P 10.844 9.62

23 -.98 101 -1.22 2323 .93 P 10.844 9.57

2 -.08 349 -4.22 698 .28 P 10.844 6.82

23 -.98 349 -4.22 8027 3.21 P 10.844 8.85

2 .24 101 -.06 202 -.18 A 9.177 9.18

23 2.78 101 -.06 2323 -2.05 A 9.177 9.85

2 .24 349 -.20 698 -.62 A 9.177 8.60

23 2.78 349 -.20 80 27 -7.08 A 9.177 4.68

2 .77 101 3.09 202 -.38 D 2.981 6.46

23 8.90 101 3.09 2323 -4.41 D 2.981 10.56

2 .77 349 10.68 698 -1.33 D 2.981 13.11

23 8.90 349 10.68 8027 -15.25 D 2.981 7.31

2 -.63 101 -4.87 202 .41 F 17.327 12.44

3 -7.22 101 -4.87 2323 4.69 F 17.527 10.13

\2 -.63 349 -16.82 698 1.41 F 17.527 1.49

-7.22 349 -16.82 8027 16.21 F 17.527 9.70

120
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Table 41

Moles Innediate Posttest (A)QT).

Visual Preference (WQI) X Mathematics Anxiety (4) X

Treatment (X1-X3) Interaction

Strategy Dummy Variables Equation

Proportion

Analogy

Diagram

Factor-Label

X3 = 1 MOQT = - .304SI- .0458M+.00234IM+22.354

X2 = 1 41191QT = .1100I+.01SOM-.0009921W15.971

X1 = 1 MOQT = .44471+.0377M-.002631M+11.313

X3 =,X2 = Xl= -1 MOQT = -.0928I-.0376M+.001281W21.592

12,;3
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Table 42

Moles Immediate Posttest (MOQT) :

Substitution of Extreme Values for

WQI

WQI (2+23) and MARSTOT (101 349)

MARSTOT 114 TREATMENT
PREDICTED
MOAT

2 -.61 101 -4.63 202 .47 P 22.354 17.59

23 -7.00 101 -4.63 2323 5.44 P 22.354 16.16

2 -.61 349 -15.98 698 1.63 P 22.354 7.39

23 -7.00 349 -15.98 8027 18.78 P 22.354 18.15

2 .22 101 1.52 202 -.20 A 15.971 17.51

23 2.53 ' 101 1.52 2323 -2.30 A 5.971 17.71

2 .22 349 5.24 698 -.69 A 15.971 20.73

23 2.53 349 5.24 8027 -7.96 A 15.971 15.77

2 .89 101 3.81 202 -.53 D 11.313 15.48

23 10.23 101 3.81 2323 -6.11 D 11.313 19.24

2 .89 349 13.16 698 -1.84 D 11.313 23.52

23 10.23 349 13.16 81127 -21.11 D 11.313 13.59

2 -.19 101 -3.80 202 .26 F 21.592 17.87

23 -2.13 101 -3.80 2323 2.97 F 21.592 18.63

2 -.19 349 -13.12 698 .89 F 21.592 9.18

23 -2.13 349 -13.12 8027 16.27 F 21.592 16.61

130
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Figure 13. Moles Immediate Posttest (I43QT): Visual Preference (VVQI) X Mathematics Anxiety (M)
X Treatment (X1 -X3) Interaction



Table 43

Gas Las Inmiediate Posttest (GLQT):

Visual Preference (VVW) X Mathematics Anxiety ('1) X

Treatment (X1-X3) Interaction _

Stra!e4

_

SWit t -

Proportion

Analogy

Diagram

Factor-1 el

Variables

X3 = 1

X2 = 1

X1 = 1

112

O

uation

GLQT = 005881-.0050414+.000043 1M+10.548

GLQT = -.0196M+,000282EM+12.282

GLQT = .0417I+.0124M-.0006971M+8.020

X3 = X2 = X1 = -1 GLQT = -.02771-.0174M+.000364114+11.562

133



Table 44

Gas Laws Immediate Posttest (GLig):

Substitution of Extreme Values for

WQI (2 + 23) and MARSTOT (101.+3,49)

113

WQI MARSTOT IM

.

TREATMENT

PREDICTED
GLgr

2 .01 101 -.51 202 .01 P 10.548 10.06

23 .1 A 101 -.51 2323 .10 p 10.548 10.2#

2 /91 349 -1.7 -6 698 .03 p 10.548 8.83

23 .14 349 -1.76 8027 .35 P 10.548 9.27

2 -.28' 101 -1.07 202 .06 A 12.282 10.99

23 -3.19 101 -1.07 2323 .66 A 12.282 8.67

2 -.28 349 -3.70 698 .20 A 12.282 8.50

23 -3.1Q 349 -3.70 8027 2.26 A 12.282 7.65

2 .08 101 1.25 202 -14.08 U 8.020 9.22

23 .96 101 1.25 2323 -1.62 0 8.020 8.61

2 .08 349 4.33 698 -.49 D 8.020 11.94

23 .96 349 4.33 8027 -5.59 D 8.020 7.71

2 -.06 101 -1.76 202 .07 F 11.562 9.82

23 -.64 101 -1.76 2323 .85 F 11.562 10.01

2 .06 349 -6.07 698 .25 F 11.562 5.69

23 -.64 349 -6.07 8027 2.92 F 11.562 7.77

*
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Figure 14. Gas' Law's Immediate Posttest (W): Visual Preference (VVQI) )C Mathematics Anxiety (M)
X Treatment (X1-X3) Interaction
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Table 4S

Molarity Immediate Posttest OALQT):.

Visual Preference (VVQI) X Mathematics Anxiety (M) X

Treatment (X1-X3) Interaction

115

Strategy

Proportion

Analogy

Diagram

Factor-Label

Fa.

Dummy Variables Equation

X3 = 1 MLQT- -.61751-.0841M+.00440B4.42.815

X2 = 1 MLQT = .19731-.00474M-.0003081M+9.577

X1 = 1 rug= .75061+.062811-.00371114-1.321

X3 = X2 = X1 = -1 MLQT = .1188I+.00378M-.0003111M+9.851

1 3 74



fable 46

Molarity Immediate Posttest (MLQT):

Substitution of Extreme Values for

VVQI (2+23) and MARSTOT (101+349)

116

PREDICTEDWQI MARSTOT IM TREATMENT MLQT

2 -1.24 101 -8.49 202 .89 P 22.815

23 114.20 101 -8.49 2323 10.22 P 22.815

2 -1.24' 349 -29.35 698 3.07 P 22.815

23 -14.20 349 -29.35 8027 35.32 P 22.815

2 .39 101 -.48 202 -.06 A 9.577

23 4.54 101 -.48. 2323 -.72 A 9.577

2 .39 349 -1.65" 698 -.21 A 9.577

23 4.54 349 -1.65 8027 L.47 A 9.577

2, r 1.50 101 6.34 202 -.75 b -1.321

23 17.26 101 6.34 2323 -8.62 D -1.32i

2 1.50 349 21.92 698 -2.59 D -1.321

23 17.26 349 21.92 8027 -29.78 D -1.321

2 .24 101 .38 202 -.06 F 9.851

23 2.73 101 .38 2323 -.72 F 9.851

2 .24 349 1.32 698 -.22 F 9.851

23 2.73 349 1.32 8027 -2.50 F 9.851

13.97

10.31

-4.70

14.58

9.43

12.92

8.10

9.99

5.77

13.68

19.51

8.08

10.41

12.24

11.19

11.41
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Table 47

Decimal Sabtest (DL): General Regression bquation

= -.0130(V) + .0575(1) .00513(MARsUff + .1197(PPRT)

1.627(x2) 20.657(X1) + 31.36903) 2.010(VX2)

.4212(VX3) + 1.391(VX1) 1.751(1X3) + 1.059 (IX1) +

5485(IX2) + .0884(11X1) -.1890(4X3) + .0146(MX2)

.7302(PX2) + .0350(PX1) 2.808(PX3) .0750(VIX1) +

.0176(VIX3) + .0882(VIX2) .00523(VMX1) .0108(VMX2)

+ .00155(V1X3) + .0108(111A3) .00523(IHX1) .00306(IMX2)

+ .0939(VPA2) .0512(VPX1) + .0987(VPX3) .00427)(IPX1)

+ .1535(IPX3) .0643(IPX2) + .00181(PNC1) .00637(EN1X2)

+ .0183(PMX3) + .000317(VII.D.1) .0000797(VM3) .000480

(VIMX2) + .00301(VIPX1) .00396(VIPX2) .00475(VIPX3) +

.00012S(VP1vDd) .000373(1,2) - .000598(VINX3) +

.000447(111X2) .0000116(IFMX1) .00101 (IFMX3) + .0000156

_IVIPM2) .0000117(VIF10A1) + .0000301(VIPK(3) + 9.397

= 15.807 = 184.546Where VVQV (V) MARSTOT

WQI (I) = 18.020 PEIT = 12:614

141
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Table 48

Decimal'Subtest (DE): F Tests for Possible Significant Effects

Mean = 10.815 S.D. = 1.901 Cases = 421 Max. = 13

Predictor A R2 F Sig.Level

WQI .31035 .01035/.002120a= 4.88 .05

MARSTOT .02232 --- .02232/.002120 =`10.53 .01

PPRT .07421 .07421/.002120 = 35.00 .01

]NX3

IMX1

.00004

.0)503
.01901/3 .05

EMU .01'294 .002120

.01901

IMX3 .00004 .00004/.002120 = .02 Ik113

1MX1 .01603 .01603/.002120 = 7.56 .01

IMX2 .00294 i .00294/.002120 = 1.39 NS

IPMX2

IPMX1

.00577

.00432
.01666/.

a = 2.62 NS

IPMX3 .00657 .002120

.01666

aError Term = (1-.21969)/368 = .002120

bNS A Nonsignificant

142
%.
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Table 49 o

Decimal Subtest WEI: Calculations for "Fourth" Effect

Visual X WI Anxiety X Treatment Interaction

Effect B S.E.B.

.001002

IMX3

IMX1

IMX2

B
4

S.E.B.4
'4

B- = (.00172

s
*E.B.i

+.00172

-.00207

-.00128

.00207

= .000966

.00128) =

+ .000961

.000966

.000961

.00108

.00163

+ .00108 =
3 3

= B4 = .00163
= 1.63

.S.E.B.4 .001002
NS
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Table 50

Decimal Subtest (DE): Main Effects Regression Equation

Equation: DE = .0372 (VVQI) - .00421 (MARSTOT +

.124 (PPRT) + 9.513

4
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Table 51

Decimal Subtest (DE):

Visual Preference (VVQI) X Mathematics Anxiety (M) X

Treatment (X1-X3) Interaction

Equation-Strategy Dummy Variables

Proportion A3 = 1 DE= 42601-.0583M+ .00277IM+19.679

Analogy X2 = 1 -DE= .40051+.025014- .001891M+5.223

Diagram X1 = 1 DE= .4778I+.0484M- .00270IM+2.277

Factor-Label X3 = X2 = X1 = -1 DE = .22221-.0356M+. 00116E4+15.634

f

145



Table 52

Decimal Subtest (DE):

Substitution of Extreme Values for

WQI (2 +23) and MARSTOT (101 +349)

123

VVQI MARS= IM TREATMENT

PREDICT
DE

2 -.85 101 -5.89 202 .56 P 19.679 13.50

23 -9.80 101 -5.89 2323. 6.43 P 19.679 10.43

2 -.85 ,349 -20.35 698. 1.93 P 19.679 .41

23 -9.80 349 -20.35 8027 22.23 P 19.679 11.77

2 .80 101 2.52 202- -.38 A 5.223 8.17

23 9.21 101 2.52 2323 -4.39 A 5.223 ,12.57

2 .80 349 8.72 698 -1.32 A 5.223 13.43

23 . 9.21 349 8.72 8027 -15.17 A ' 5.223 7.80

2 .96 101 4.89 202 -.55 D 2,277 7.58

23 10.99 101 4.89 2323 -6.27 D 2.277 11.88

2 .96 349 16.89 698 -1.88 1) 2.277 18.28

2 3 10.99 349 16.89 8027 -21.67 D 2.277 8.49

2 -.44 101 '-3.60 202 .23 F 15.634 11.83

23 -5.11 101 -3.60
,..

2323 2.69 F) 15.634 9.62

2 -.44 349 -12.42 698 .81 F 15.634 3.57

23 -5.11 49 -12.42 8027 9.31 F 15.634 7.41

k
0 14d
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Table 53

Nondecimal Subtest (NDE): General Regression Equation 111.

NDE = -.0271(V) .0427(I) - .00484(MARSTOT) .u812(PPRT)

16.238(X2) 3b.544(X1) 33.824(X3) .1191(VX2)

2.030(VX3) 2.395(VX1) - 2.058(1X3) + 2.184(IX1)

.8566(1X2) .1883(NX1) - .2163(MX3) + .124(M4(2) +

.9716(PX2) + 2.420(PX1) - 2.627(PX3) - .1479(VIX1) +

.1238(VIX3) - .00758(VIX2) .0144(VMX1) - .00279(VMX2)

- .0136(VMX3).+ .0133(Th1X3) .0121(114X1) - .00591(IMX2)

.0:499(VPX2) .1803(VPX1) + .1637(VPX3) - .1466(IPX1)

.1538(IPA3) .0511(IPX2) .U123(PNX1) .u0774(I.1X2)

.0170 (84X3) - .000881(V1MX3).. .000888(V1MX1) .000154

(Vn2) .0111(VIPX1) .000176(VIPX2) .00964(VIPX3)

.00105(VFMX1) + ..000178(VFMX2) .0011i(VP%0(3) + .0004U4

(IPMX2).+ .000816(IPMX1) - .00101(IFNX3) .0000102(VIPMX2)

- ..0000686(VIPMX1) + .0000702(VIPMX3) + 10.838

= 15.807 = 184.546%here rigi (V) MARSTOT

WQI (I) = 18.020 PPRT = 12.614

143
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Table 54'

Nondecimal Subtest (NOW:. Main Effects Regression Lquation

bquation: NUE * .0376 (WC - .00450 QMARSTOT) 4- .0854 (PPRT)

4- 10.835

13j

126



Nondecimal Subtest ODE): F Tests for Possible Significant Effects

127

Sig. Level

Mean = 11.322 S.D. . 1.477 Cases = 428 Max. = 13

Predictor A R2

WQI .01331 .01331/.002140a= 6.22 .05

MARSTOT .03641 .03641/.002140 = 17.01 .01

PPRT .05837 .05837/.002140 = 27.28 .01

VPMK1
WW2

0883

.00105
.01120/3 . 1.74 NS

b

.002140
VPMK3 .00132

4

.01120 1

aError Term = (1-.19738)/375 = .002140

bNS = Nonsignificant

151
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Table 56

Nondecimal Subtest (NUE):

Visual Preference (VVQI) X Mathematics Athdety (M)

Treatment (X1-X3) Interaction

Strategy Dummy Variables Equation

Proportion X3 = 1 NDE -.03961-.0143M+.000619IM+12.665

Analogy X2 = 1 NOE = .09961+.00126M-.0004041M+10.527

Diagram X1 = 1 NDE = .25421+.0221M-.001461M+7.331

Factor-Label X3 = X2 = X1 = NDE = -.14371-.0291M+,00124IM+15.2111

152



Table 57

Nondecimal Subtest (NDE):

129

Substitution of Extreme Values for

WQI (2+23) and MARSTOT (101+ 349)

mg- MARSTOT ICI TREATMENT
PREDICTED

NDE

2 -.08 101 -1.44 202 .13 P 12.665 11.27

23 -.91 101 -1.44 2323 1.44 P 12.665 11.75

2 -.08 349 ..-4.99 698 .43 P 12.665 8.03

23 -.91 349 -4.99 8027 4.97 P 12.665 11.73

2 .20 101 .13 202 -.08 A 10.527 10.77

23 2.29 101 .13 2323 -.94 A 10.527 12.01

2 .2U 349 .44 698 -.28 A 10.527 10.88

23 2.29 349 .44 8027 -3.24 A 10.527 10.01

2 .51 101 2.29 202 -.29 D 7.331 9.84

23
,

-5.85 101 2.29 2323 -3,39 D 7.331 12.08

2 .51 349 7.92 698 -1,02 Dr 7.331 14.75

23 5.85 349 7.92 8027-11.72 D 7.331 9.38

2 -.29 101 -2.94 202 .25 F 15.211 12.23

23 -3.31 101 -2.94 2323 2.88 F 15.211 11.85

2 -.29 349 -10.16 698 .87 F 15.211 5.63

23 -3.31 349 -10.16 8027 9.95 F 15.211- 11.70

153
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Table 58

Molarity Delayed Posttest (MLT): General Regression Equation

MLT = -.00o84(V) + .0109(I) - .00607(MARST.OT) + .1460(PPRT)

A

rI

+ 30.440(X3) + 2.662(X2) 27.920(X1) - .4202(VX2) +

1.320(VX1) - .8307(VX3) .8477(IX3) + .0400(IX2) +

1.014(IX1) + .1153(MX1) .2202(MX3) + .0498(MX2)

1.320(PX2) + 1.491(PXI) 1.326(PX3) -0482(VIX1)

+ .0047,7(VIX3) + .00889(VIX2) - .00539(VMX1)

.000541(VMX2) + .00762(VMX3) .00446(Ba1)'+ .u0791

(IMX3) - .00278(14X2) + .140(VPX2) .0662(VPX1)

+ .0118(VPX3) i .0407(IPX1) + .0201(IPX3) + .0424(IPX2)

- .00621(PMX1) + .000580(PMX2) + :0125(PMX3) + .u00206

(VIMX1) .000214(V1MX3) + .0000486(V1MX2) +'.00145(VIPX1)

.00517(VIPX2) + .00164(VIPX3) + .000283(VPMX1) -

.000417(VPM2) .000393(VPMX3) + .000195(IPMX1) +

.0000494(IPMX21 .000416(IFMX3) - .00000718(VIPMX1) +

.000142(VIPMX2) + .00000970(VIPMX3) + 5.327

Mere vwx = 15.807 MARSTOT = 184.546

WQI (I) = 18.020 PPRT = '12.614

15 t;



132

Table 59

Mblarity Delayed Posttest (4LT): Main Effects Regression Equation

Equation: KILT = -.00552 (14R5DOT) + .141 (PPRT) + 5.786
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Table'60

133

Molarity Delayed Posttest (MLT): F Tests for Possible Significant Effects

Mean = 6.197 S.D. = 2.443 Cases = 481 Max. = 10

Predictor R2 Sig.Level

MARSTOT .02314 .02314/.002150a= 10.80 .01

PPRT .05945 .05945/.002150 = 27.65, .0f

VMX1
VMX2

.00026

.00725
.00946/3 1.47 NSb

VMM3 .00195 .002150

.00946

VPX2
VPX1

.01149

.00566
.01737/

3 = 2.69 .05

VPX3 .00022 .002150

.V1737

VPX2 .01149 .01149/.002150 = 5.34 .05

VT9(1 .00566 .00566/.002150 = 2.63 NS

VPX3 .00022 .00022/.002150 = 0.10 NS

aError Term = (1-.17018)/427-41 = .002150

bNS = Nonsignificant

1-J3
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Table 61

Molarity Delayed Posttest (MLT): Calculations for "Fourth" Fffect

Verbal X Proportional Reasoning X Treatment Interaction

Effect B. S.E.B.

VPX2 +.0147 .00699

VPK1 -.0106 .00828

VPX 3 +.00268 .00838

B4 F E Bi = -(.0147 .0106 + .00268) = -.00678

S.L.B.
'4

= E S.E.B.i
=, .00699 + .00828 + .00838 = .00788

3

t
4

=
B
4 = -.00678 = -.86

S.E.B.
4 .00788

i JS



Table 62

Mblarity Delayed Posttest (MLT):

Verbal: Preference (VVQV) X Proportional Reasoning

Treataent-(XL-X3) Interactions

(P)

'135

Strategy

Proportion

Analogy

Diagram

Factor-Label

Dummy Variables

X3 = 1

X2 = 1

X1 = 1

Equation

MLT = -.05S7V+.10S2P+.00113VP+5.234

ULT = -.20S0V-.1379P+.0168VP+7.742

MLT = .1356V+.4064P-.0119VP+1.201

X3 = X2 = X1 = -1 MLT = .0966V+.2096P-.00S81VP+3.418

16o
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Table 63

Mblarity Delayed Posttest (MLT):

Substitution of Extreme Value' for

WQV (1 +30) and PPRT (1 +21)

WQV PPRT VP TREATMENT
PREDICTED

MLT

1

30

-.06

-1.67

1

1

.11

.11

1

30

.00

.03

P.

.1613

5.234

5.234

5.29

3.70

1 -.06 21 2.21 21 .02 p 5.234 7.41

30 -1.67 21 2.21 630 .71 P 5.234 6.48

1 -.20 1 -.14 4 1 .02 A 7.742 7.42

30 -6.15 1 -.14 30 .50 A 7.742 1.96

1 -.20 21 -2.90 21 .35 A 7.742 4.99

)

30 -6.15 21 -2.90 630 10.58 A 7.742 7,9.28

1 .14 1 .41 1 -.01 D 1.201 1.73

30 4.05 1 .41 30 -.36 D 1.201. 5.30

1 .14 21 v.53 21 -.25 D 1.201 9.62

30 4.05 21 8.53 630 -7.50 D 1.201 6.29

1 .10 1 .21 1 7.01 F 3.418 3.72

30 2.90 1 .21 30 -.17 F 3.418 6.35

1 .10 21 4.40 21 -.12 F 3.418 7.80

30 2.90 21 4.4U 630 -3.66 F 3.418 , 7.06

161
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Figure 18. Molarity Delayed Posttest (i1LT): Verbal Preference (VVQV) X Proportional Reasoning

(P) X Treatment (X1 -X3) Interactions
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Table 64

Mbles Delayed Posttest OIDT):',

Verbal ,Preference OTVW_X Piliaortional Reasoning (P) X,

138

Treatment (X1-X3) Interactions

Strategy Dummy Variables Equation

Proportith A3 =.1 MOT = -.0511V+.1038P+.00413VP+5.735

Analogy X2 = 1 MOT = ,.0666V+.2218P-.00329VP+3.916

Diagram X1 = 1 NOT = .1330V+.3769P-.0102VP+2.443-

Factor-Label- X3 = X2 = X = -1 NUT = -'.1279V-.00737P+.00952VP+7.847

161



Table 65

Moles relayed Posttest (MOT) :

Substitution of Extreme Values for

VVQVA1+ 30) and PPRT (I+ 2 '

139

vwly PPRT' VP TREATMENT

PREDICTED

MOT

1 -.05 1 .1Q .00 P 5.735 5.79

30 -1.53 1 .10 30 .12 P 5.735 4.43

1 -.0; 21 2.18 Z1 .09 P 5.735 7.95

30 -1.53 21 2.18 630 2.60 p 5.735 8.98

1 .67 1 .22 1 -.00 A 3.916 4.20

30 2.00 1 .22 30 -.10 A 3.916 6.04

1 .67 21 4.66 21 -.07 A 3.916 8.57

30 2.00 21 4.66 630 -2.07 A 3.916 8.50

1 .13 1 .38 1 -.01 D 2.443 2.94

30 3.99 1 .38 30 -.31 D 2.443 6.50

1 .13 21 7.52 21 -.21 D 2.443 10.28

30 3.99 21 7.91 .630 -6.43 D 2.443 7.92

1 -.13 1 -.01 1 .01 F 7.847 7.72

30 -3.84 1 -.01 30 .29 F 7.847 4.29

1 -.13 21 -:lb 21 .20 F 7.847 7.76

30 -3.84 21 -.15 630 6.00 F 7.847 9.85

6,;
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Table 66

Gas Laws Delayed Posttest (GLT):

Verbal Preference (VVQV) A Proportional Reasoning (P) X

Treatment (X1-X3) Interaction

Strategy Dummy Variables Equation

Proportion

Analogy

Diagram

Factor-Label

141

X3 = 1 GLT = .0309V+.0322P-.000770VP+6.634

X2 = 1 1GLT = -.0425V+.1081P+.000556VP+5.520

X1 = 1 GLT = -.0336V+.2519P-.00446VP+4.983

X3 = X2 = X1 = -1 GLT = -.0810V+.1301P+.00473VP+5.788

166
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Table 67

Gas Laws Delayed Posttest (GLT):

Substitution of Extreme Values for

WQV (1 +30) and PPRT (1 +21)

WQV PPRT VP TREATMENT
PREDICTED

GLT

1 .03 1 .03 1 -.00 P 6.624 6.69

30 .93 1 .03 30 -.02 P 6.624 7.56

1 .03 21 .68 ii1 -.02 P 6.624 7.31

30 .93 21 .68 630 -.49 P 6.624 7.74

1 -.04 1 .11 1 .CJ A 5.520 5.59

30 -1.28 1 ;11 30 .02 A 5.520 4.37

1 .04 21 2.27 21 .01 A 5.520 7.76

30 -1.28 21 2.27 630 .35 A 5.520 6.87

1 -.03 1 .25 1 -.00 D 4.983 5.20

30 -1.01 1 .25 30 -.13 D 4.983 4.09

1 -.03 21 5.29 21 -.09 D 4.983 10.15

30 -1.01 21 5.29 630 -2.81 D 4.983 6.46

1 -.08 1 .13 1 .00 F 5.788 5.84

30 -2.43 1 .13 30 .14 F 5.788 -3.63

1 -.08 21 2.73 21 .10 F 5.788 8.54

30 -2.43 21 2.73 630 2.98 F 5.788 9.07



17 u

I1
Figure 20. Gas Laws Delayed Posttest (GLT): Verbal Preference (VVQV) X Proportional Reasoning

(P) X Treatment (X1-X3) Interaction

GLT



Table 68

Stoichiametry Delayed Posttest (Si'):

Verbal Preference (VVQV) X Proportional Reasoning

Treatment (X1-X3) Interactions

(P) X

144

Strategy Dummy Variables . Equation

Proportion A3 = 1 ST = .1216V+:3184P-.0136VP+3.340

Analogy X2 = 1 ST = -.0512V+.1663P+.00325VP+4.964

Diagram X1 = 1 ST = -.1471V+.1469P+.00460.0+5.965

Factor-Label X3 = X2 = X1 = -1 ST = -.0503V+.0634P+.00561VP+5.656

171;
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Table 69

Stoichiometry Delayed Posttest (ST):

Substitution of Extreme Values for

WQV (14-30) and PPRT (14.21)

WCN PPRT VP TREATMENT
PREDICTED

ST

1 .12 1 .32 1 -.01 P 3.340 3.77

30 3.65 1 .32 30 -.41 P 3.340 6.90

1 .12 21 6.69 21 -.29 P 3.340 9.86

30 3.65 21 6.69 630 -8.57 p 3.340 5.11

1 -.05 1 .17 1 .00 A 4.964 5.08

30 -1.54 1 .17 30 .10 A 4.964 3.69

1 -.05 21 3.49 21 .07 A 4.964 8.47

30 -1.54 21 3.49 630 2.05 A 4.964 8.97

1 -.15
1
1 .1S 1 .00 1) 5.965 5.97

30 -4.41 1 .15 30 .14 D 5.965 1.84

1 -.15 21 3.08 21 .10 D 5.965 9.00

30 -4.41 21 3.08 630 . 2.90 D 5.965 7.53 .

1 -.05 1 .06 1 .0I F 5.656 5.67

30 -1.51 1 .06 30 .17 F 5.656 4.38

1 -.05 21 1.33 21 .12 F 5.656 7.05

30 -1.51 21 1.33 630 3.53 F 5.656 9.01
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Figure 21. Stoichiametry Delayed Posttest (ST): Verbal Preference (VVQV) X Proportional Reasoning
(P) X Treatment (XI--X3) Interactions

ST.
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L Table 70

Posttest (GLQT): General Regression Equation,Gasp Laws Immediate

GLQT = -.0249(V) + .0298(1) - .00506(MARSTOT) + .0700(PPRT) +

26.729(X3) - 15.228(X2) - 38.436(X1) + .8710(VX2) 4

.9977(VX1) - 1.108(VX3) - 1.421(IX3) + .3831(IX2) +

2.067(IX1) + .2475(MX1) .1699(MX3) - .0582(MX2) +

.2.427(PX2) + 1.788(PX1) - 1.335(PX3) - .0651(VIX1) +

. 0657(VIX3) .0322(VIX2) .00970(VMX1) - .00133(VMX2)

+ .00790(VMX3) .0136(IMX1) + .00922(IMX3) .00145

(IMX2) .1378(VPX2) - .0124(VPX1) + .0380(VPX3) -

. 1016(IPX1) + .0755(IPX3) - .0922(IPX2) .0126(PMX1)

-:.0136(PMX2) + .0103(PMX3) + .00058809M) .000447

(VD0(3) + .0000250(VIMX2) + .00158(VIPX1) + .00636(V1PX2)

.00 ?68(VIPX3) + .000412(VFMX1) .000644(VRA2)

.i.K10460(VFMX3) + .000728(1PMX1) + .000593(IFMX2)

.000602(IFMX3) - .0000277(VIR4X1) .000030R(VIIIDC2)

+ .0000275(VIPMX3) + 10.115

Where WQV (V) = 15.807 MARSIDT = 184.546

WQI (I) = 18.020 PPRT = 12.614
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Table 71

Gas Laws Immediate Posttest (GLQT): Main Effects Regression Equation

Equation: GLQT = -.00460 (MARSTOT) + .0780 (PPRT) + .767 (X3)
.379 (X2) - .356 (X1) + 10.024

Where MARMOT = 184.546 PPRT = 12.614

Strategy Dumpy Variables GLQT

Proportion X3 = 1 10.926
b

Analogy X2 = 1 9.780a

Diagram X1 = 1 9.803a

Factor-Label X3 = X2 = X1 = -1 10.127

aSignificantly lower than mean
416

bSignificantly higher than mean

148
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Tabl..! 72

Gas Laws Immediate Posttest (GLQT): F Tests for Possible Significant Effects

Mean 16.188 S.D. = 1.929 Cases = 515 Max. = 12

Predictor L. R2 F Sig.Level

'MARS Of .02023 .02023/.001808a= 11.19 .01

PPRT .03016 .03016/:001808 = 16.68 .01

X3
X2

.01914

.02459.
.05528/

3 = 10.19 .01

X1 .01155 .001808

.05528

X3 .01914 .01914/.001808 = 10.59 .01

X2 .02459 .02459/.001808 = 13.60 .01

X1 .01155 .01155/.001808 = 6.39 .05

MX1 .00955 b
MX3 .00003

.00982/3
= 1.81 NS

MX2 .00024 .001808

.00982

PMX1 .00466

.00906
.01418/3

= 2.61 .05

riv5 .00046 .001808

.01418

PMX1 .00466 .00466/.001808 = 2.58 NS

PMX2 .00906 .00906/.001808 = 5.01 x;05

PMX3 ' .00046 .00046/.001808 = .25 NS",

/

VIPX1
VI.PX2

.00499

.00233
.00932/3

= NS,

.001808VIPX3 .00200

.00932

aError Term . (1-.18836)/402-13 = .001808

bNS . Nonsignificant

1

t



Table 73

Gas Laws Immediate Posttest (GEC: Calculations for "Fourth" Effect

Factor-Label Tatmert

t = -g E Bi

/d2 ^ [(g-1)2 +Ell
Y-Y ng n 1

df = n -k -1

150

i' ^ id'd y-y y (1-R2) n = 1.9292 (1-.10958) 515-13 = 3.367

r7k-71- 515-7-1-1T

t44 = -4(.767- .379 .3'56)

ir3.367 E42+ r.1 -+
I

1 1 1
2-1- TC 13-6-j

t
4

= 0.128

/3.367 (.08964)

= .23 NS

PPR1 X MAI-LSTOT X Treatment Interaction

Effect B S.E.B.

PMX1 -.000493 .000666

MAU -.00169 .000730

RlX3 +.000426 .000832

L4 = E Bi = -(-.000493 .00169 + .000426) = .00176

= L S.E.B.i . .000666 + .000730 + .000832 = .000743

3 3

t

B
4 = .00176 = 2.37 Sig. p < .05

4 S.E.B.4 .000743
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Table 74

Gas Laws Immediate Posttest (GLQT):

Mathematics Anxiety (M) X Proportional' Reasoning Ability (P)

X Treatment (X1 -X3) Inte action

Strategy DummyWariables Equation

Proportion X3 = 1 GLQT = -.0115M-.0674P+.00059MP+12.570

Analogy . X2 = 1 GLQT = .0132M+.3437P-.00146MP+6.519

Diagram X1 = 1 GLQT = .0108M+.2815r .00088MP+6.3l1

Factor-Label X3 = X2 = X1 = -1 GLQT =-.0329M-.2772P+.0017SMP+15.635



Table 75

Gas Laws Immediate Posttest (GLQT):

Substitution of Lxtreme Values for

MARSTOT (101+349) and PPRT (1+21)

152

MARSTOT PPRT MP TREATMENT
P1EDICTED
GLQT

101 -1.16 I -.07 101 .06 P 12.570 11.40

349 -4.01 1 -.07 349 .21 P 12.570 8.70

101 -1.16 21 -1.42 ' 2121 1.25 P 12.570 11.24

349 -4.01 21 -1.42 7329 4.32 P 12.570 21.47

101 1.33 1 .34 101 -.15 A 6.519 8.05

349 4.61 1 . .34 349 -.51 A 6.519 10.96

101 1.33 21 7.22 2121 -3.10 A 6.519 11.97

349 4.61 21 7.22 7329 -10.70 A 6.519 7.64

1U1 1.09 1 .28 101 -.09 D 6.311 7.59

349 3.77 1 .28 349 -.31 D 6.311 10.05

101 1.09 21 5.91 2121 -1.87 D 6.31: 11.45
.

349 3.77 21 5.91 7329 -6.45 D 6.311 r.9.54

101 -3.32 1 -.28 101 .18 F 15.635 12.21

349 -11.48 1 -.28 349 .61 F 15.635 4.49

101 -3.32 21 -5.82 2121. 3.71 F 15.635,
I

10.20

349 -11.48 1 -5.82 7329 12.83 F 15.635 11.16

1s!
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Figure 22. Gas Laws Immediatel)osttest (GLQT): Mathematics Anxiety (M) X Proportional Reasoning 'linty

(P) X Treatment (X1 -X3) Interaction

?PVT

21.

GLQT

183
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Table 76

Moles Immediate Posttest _(MCQT):

Mathematics Anxiety (M) X Proportipnal Reasoning (P) X

Treatment (X1-X3) Interaction

Strategy Dummy Variables Equation

Pioportion MOQT =+.0110M+.4551P-.00118MP+11.124X3 = 1

,Analogy 'X2 = 1 MOQT = -.00686M+.1848P+..000303MP+16.406

Diagram X1 = 1 MOQT = .0162M+.5731P-.00211MP+12.097

Factor-Label X3 = X2 = X1 = -1 MOQT = -.0520M-.3473P+.00298MP+24.298
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Table 77/

Moles Immediate Posttest (A410QT):

Substitution of Extreme Values for

MARSTUT (101+ 349) and PPRT (1+ 21)

MAR= PPM' TREATMENT
PREDICTED

MOQT

101 1.11 1 .46 101 -.12 P 11.124 12.57

349 3.84 1 .46 349 -.41 P 11.124 15.01
l' f

101 1.11 21 9.56 2121 -2.50 P 11.124 19.29

349 3.84 21 9.56 7329 -S.65 *F 11.124 15.87
.

101 -.69 1 .18 101 .03 A 16.406 15.93

349 - 2.39 1 .18 349 .11 A 16.406 14.30

101 -.69 21 3.88 2121 .64 "A 16.406 20.24

349 - 2.39 21 3.88 7329 2.22' A 16.406 20.11

101 1.64 1 .57 101 -.21 D 12.097 14.09

349 5.65
.

1 , .57 349 -.74 D 12.097 17.59

101 1.64 41 12.04 2121 -4.48 I) 12.097 21.29

349 3.65 21 12.04 7329 -15.46 D 12.097 14.32

101 -5.25 1 -.35 101 .30 F 24.298 19.00

349 =18.15 1 -.35 349 .04 F 24.298 6.84

101 :5.25 21 -7.29 2121 6.32 F 24.298 18.07

349 -18.15 21 -7.29 7329 21.84 F 24.298 20.70



Figure 23.
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Moles Immediate Posttest (MNT): Mathematics .Anxiety (M) X Proportional Reasoning (P)

X Treatment (X1-X3) Interaction
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Table 78

Stoichiometry Immediate Posttest .(SQT):4.

Mathematics Anxiety (M) X Proportimal\ceasoning (P) X

Treatment (Xl -X3) iteraction

40*e

Strategy Dummy Variables . Equation

Proportion X3 = 1 SQT = -.0143M-.0112P+.000790MP+10.159

ogy X2 r= 1 SQT = .00371M+.3375P-.00122M147.027

Diagram X1 - 1 SQT = .0120M+.3896P-.00123MP+5.025

Factor-Label X3 = X2 = X1 = -1 SQT = -,,0315M-.2028P+:00162MP+14.422

0

I

I So'

A
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Table 79

Stoichiometry Immediate Po.ttest MT):

Substitution of Lxtreme Values for

158

MARSTOT (101 X349) aud PPRT (1 4.'21)

MARSTOT PPRT MP TREATMENT
PREDICTED

SQT

101a--1.44 1 -.01 101 .08
.

P 10.159 8.78

.349 -4.99 1 -.01 349 .28 P 10.159 5.43

101 -1.44 21 -.)or 2121 1.68 P 10.159 ' 10.51

349 -4.99 21 -.24 7329 5.79 P 10.159, 10.72

101 .37 1 .34 101 -.12 A 7.027 7.62
.

349 1.29 1 .34 349
.

-.43 A 7.027 8.23

1U1 ,.37 21 7.09 2121 -2.59 A 7.027 .11.90

:49....v 1.29 21 7.09 7329- .-8.94 A" '7.027 6.47

101 1 (21 1 .39 101 -.12 D 5..025 6.50

349,

101

449

1.21

1

21

. .39

8.18

349

.2121

-.d3.

-2.p1

D 5.025

D 5.025

9.17

11.81

349 4.19 21 8.18 7329 -9.01 D 5.025 8.38

101 -3.21 1 -.2{)- 101 .16 F 14.422 11.17 4

342 -11.10 1 -,20 349 .57 F 14.422 3.69

-21
...

..

101 -3:21 14.26 2121 3.44 F 14.422 10.39

349 -11.10 421 -4.26 7329 11.87 F 14.422 10.94

0

.64

.1

A

S y
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Figure 24, Stoichianetry Immediate Posttest (WI): ,Mathematics Anxiety (11) X Proportional Reasoning

(P) X Treatment (X1-X3) Interaction.
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Table 80

hblarity Immediate Posttest (I41QT):

Mathematics Anxiety (i4) X Proportional Reasoning (13),X

Treatment (i=1.-X3) Interaction

160

Strategy Dummy Variables Equation
1

Proportion X3 = 1 MLQT = -.00770M+:0984P+.000220MP+10.456

Analogy X2 = 1 AQT = -,017044.0918P+4000526MP+11.975

4 gram X1 = 1 MLQT = .00966W.4068P-00110MP+7.074

Fgt tor-Label X3 = X2 = X1 = -1 MLQT = -.00721M+.0370.000435MP+11.515

1



Table 81

Mblarity Immediate Posttest (MLQT):

Substitution of Lxtreme V moues for

MARSTOT (101+ 349) and PPRT_CI -.21)

0

161

M MARSTOT PPRT
TREATMENT

PRLDICTLO
MOT

101 -.78 '1 .10 101 Of 10.46 9.80

349 -2.69 .1 .10 .`349 .08 10.456 7.94

101 -.78
' 21 2.07 2121 .47 10.456 4" 12.21

349 -2.69 21 2.07 7329 1.61 10.456 11.45

101 -1.72 1 .09
101 .05

A 11.975 10.40

349 -5,93 1 .09
349 .18

A 11.975 6.32

101 -1.72 21 1.93 2121 .1.12
A 11.975 13.30

349 -5,93 21 1.93
7329 3.86

A 11.975 11.82

101 .98 1 .41
101 -.11

D -7.074 8.35

349 3,37 1 .41
349 -.38 7.074 10.47

101 .98
21 8.54

2121 -2.33
1) 7.074 14.26

349 3.37
21 8.54

7329 -8.06 7.074 10.93

101 -.73 1 .04
101 .04

F 11.515 10.87

349 -2.52 1 .04
349 .15

F 11.515 9.19

101 -.73 21 .79
2121 .92

F 11.515 12.50

349 -2.52 21 .79
7329 3.19

F 11.515 12.98

1n
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Figure 25. Molarity Immediate Posttest (1414T): Mathematics Anxiety (M) X Proportional Reasoning

(P) X Treatment (X1 -X3) Interaction
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Table 82

Mblarity Immediate Posttest (MINT): General Regression Equation

MU T = -.0154(V) + .1122(I) .00553(MARSTOT) + .1583 (PPRT) +

59.762(X3) + 17.0321(-(2) 64.208(X1)__- 2.800(VX2) +

3.621(VX1) - 2.851(VX3) - 3.008(IX3) .6169(IX2) +

3.293(IX1) + .3453(MX1) - .3930(MX3) .0440(MX2)

1.545(PX2) + 4.101(PX1) 5.923(PX3) .1950(VIX1)

.1394(VIX3) + .1407(V1X2) .0198(VMX1) + .0105(VMX2)

+ .0210(VMX3) .0192(IMX1) + .0207(114X3) + .00117

(J X2) + .2311(VP312824(VPX1) + .3654(VPX3)

.2088(IPX1) + .2916(IPX3) + .0602(IPX2) .0212

(PMX1) + .00240(PMY2) + .0358(PMX3) + .00115(VIMX1)

-,00111(VIMX3) .000545(VIMX2) + .0154(VIPX1)

.G114(VIPX2) .0181(VIPX3) + .00153(VPM1) .000763

(VRlX2) .00236(VPMX3) + .00121(IP1X1) - .0000512

(IPMX2) .00184(IPMX3) .0000911(VIPMX1) + .0000390

(VIPMX2) + .000122(VIPMX3) + 8.477

Where- WQV (V) = 15.807 MARSTOT = 184.546

WQI (Ir) =-38.020 PPRT = 12.614

1 9c;

Via,
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Table 83

Mblarity Immediate Posttest Q4L1QT): F Tests for Possible Significant Effects

Mean = 11.308 S.D. = 2.907 Cases = 481 Mhx. = 15

Predictor Am-

/

F Sig.Level

VVQI 0.02231 .02231/.002071a= 10.80 .01

,MARSTOT :01498: .01498/.002071 = 7.23 .01

PPRT .06229 ' .06229/.002071 = 30.08 .01

IMX1

Ea3
.00225

.00985
.01267/3 = 2.04 Nsb

ETC .00057 .002071

aError lerm = (1-.18415)/427-33 =_.002071

hNS = Nonsignificant
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Table 84

Mblarity Immediate Posttest 04DDIT1:' Main Effects Regression Equation
2>

Equation: MLQT = .0964 (vm. .00481 ogintal +°.171 (PPRT)

+ 8.483

95



Table 85

Mbles Delayed Posttest (MOT): General Regression Equation

MOT = +.00524(V)44 .0269(1) .00164 pmEntro .1735(PPRT)

+ 45.755(X3)' + 2.902(X2) - 64.483(X1) + 4.492(VX2) +

2.041(VX1) 2.193(VX3) L.221(IX3) 1.048(IX2) +

3.994(IX1) + .3392(MX1) - .2872(MX3) .000665(MX2)

+ 1.141(PX2)+ 3.440(PX1) 2.879 (PX3) .1448(VIX1)

+ .0978NX3) + .0277(VIX2) .1)113(VMX1) .00212

(V?D(2) + .0148(VW) .0218(IMX1) + .0145(INX3) +

.00452(IMX2) .1335(VPX2) .0664(V1011) + .1443

(VPX3) .2167(IPX1) + .1395(IPX3) .00675(IPX2)

.0177.(114X1) .00783(PM(2) + .0185(PMX3) + .000835

(VIMX1) .000708(VIMX3) .000149(VINX2) + .0057

(VIPX1) + .00391(VIPX2) .00637(VIPX3) + .000346

(VPMX1) + .000763(VPMX2) .000997(VPM3) .00118

(IPMX1) .000143(IPMX2) -- .000940(IPX3) .0000332

(VI1'MX1) .0000243(VIPMX2),+ .0000476(VIMPX3)

+ 4.803

= 15.807 = 184.546Where VVQV (V) MARSTOT

WQI (I) = 18.020 PPRT = 12.614

166
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Table 86

Moles Delayed Posttest (43T): Main Effects Regression Equation

Equation: MOT = .-.00207 (MARSTOT) + .168 (PPRT) + 5.313

Ut)

167
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Table 87

14.

Moles Delayed Posttest (A40T):
4

F Tests for Possible Significant Effects

Sig,Level

Mean = 7.289 S.D. = 2.112 Cases = 528 Max. = 10

Predictor

4,

L R2 F

MARSTOT

PPRT

VMX1
VMX2
VMX3

INV].

IMX3

IMX2

VPMX1
VPMX2
VPMX3

IPMX1
IP1X2

IPMX3

.01030

.11247

.00167

.00552

.00064'

.01030/.001672a= 6.16

.1247/.001672 = 67.27
II

.00783/3
= 1.56 .

4

.05

.01

NSb

NS

NS

NS
3

.001672

.00907/i
= 1.81

.00783

.00655

.00250

.00002 .001672

.00556/3
= 1.11

.00907

.00098

.00382

.00076 .001672

.01273/
3 = 2.54

.00556

.01011

.00173

.00089 .001672

16E.

aError Term= (1-.20907)/475-2 = .001672

bNS = Nonsignificant

4:

201
ij
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Table 88

Gas Laws Delayed Posttest (GLT): General Regression Equation

GLT = -.0316(V)41- .0220(I) .00481(MARSTOT) + .1305 (PPRT)

- 34.787(X3) + .4779(X2) + 5.915(X1) .6679(VX2)

.00906(VX1)'+' 1.796(VX3) * 2.699(IX3) + .00131(IX2)

- .516(IX1) - .0353(4X1) + .1410(KG) .000668(MX2)

+ .1437(PX2) - .3314(PX1) + 2.831(PX3) + .00585(VIX1)

.1309(VIX3) + .0199(VIX2) .00270(VMX1) +'.00607

(ONX2) .00585(VMX3) + .00245(D4X1) .0117(JNX3) offt

) .006188(IMX2) + .0673(VPX2) .0350(VPX1) - .1623

(VPX3) + .0259(IPX1) -- 22(IPX3) - .00927(IPX2)

+ .1631(FMX1) .00189(1 MX2k- .0109(PMX3) + .000120

(VE4X1) + .000512(VIMX3) .000247(VIMX2) + .00162

(VIPX1) - .00237(VIPX2) *_.0112(VIPX3) + .000395

(VPMX1) - .000536(VFMX2) + .000575(VPMX3) - .0000946

(IPMX1)-+.000105(IP4X2) + .000875(IPMX3) .0000215

(VIPMX1)'4 .0000225(VIPMX2) .0000442(VIPMX3)

+ 6.220

Where VVQV (V) = 15.807 MARSTOT = 184.546 it

VVQI (I) = 18.020 PPRT = 12.614

'2 U2
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Table 8.9

Gas Laws Delayed Posttest .(GLT): Main Lffolts Regr Sion lituatIon

1.

Or

Equation; GLT -.0Q390 (MARSTOT) + .153 (PPRT) + .383 @(3) - -

.469 (X2) .168 (X1) + el.ps

Where MARSTOT = 184.56 PPRT = 12.614

SAategy Dummy Variables

Proportion X3 = 1

Analogy X2 = 1

Diagram X1 = 1.

Factor-Label X3 = X2 =.X1 = 7.554

GLT

7.683

6.831a

7.132

aSignificantly lower than mean
e

203.

I
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Gas flaws Delayed Posttest (Gr,T): F Tests for Possible Significant Effects-
.

Sig.Level

an = 6.942 S.D. = 2.523 Cases F..515 Max. = 16

Predictor AR2

se,

. F

'MARS= .01314 .01314/.001806a= 7.27 .01

PPRT .06643 .06643/.001806 = 36.78 .01

X3 .00019

X2 .01621
.01791/3

=
3.31

.05

- X1 .00151 .001816

TOTT§T

X3 .00019 .00019/.001806 = .11 NO

X2 .01621 .01621/.001806 = 8.98 .01

X1 .00151 .00151/.001806 = .84 NS

PX2 .00000

PXr .00040
.00822/3 = 1.52 NS

PX3 .00783 001806

.00822

4Error.Term = (1-.16555)/463 = 0.001806

bNS = Nonsignificant

2 0,1



Table 91.

Gas Laws Uelayed' Posttest (GLT): Calculations lar "Fourth" Effect

Factor-Label Treatment

t = -g Bj

/gd2
Y-Y

" r(8 + E 1

ng

- 2

id2 = sd
- Y(1 -R) 2 n = 2.5232 (1 .10140) 515 = 5.81

d\t n-k-1

F:F:T 515-7-1

.
t
4

= -4(.383 .469 .168)

/5.81 + I ,1

12T 73-6-,

t4 = 1.016 1.41 NS

/5.81 (.08964)
O

172
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Table 92

Stoichiometry Delayed Posttest [57):. General Regression Equation

ST a - .0317(V) - .0193(I) .00899(MARSTOT) + .1737(PPRT)

-9.168(k3) + 1.300(X2) 5.708(X1) - 1.801(VX2) +411

.423(VX1) + 1.046(VX3) + .3059(1X3) + .0381(IX2) +

.682(IX1) + .0633(MX1) - .0343(4X3) + .0163(MX2) +

.9360(PX2) .2066(PX1) + 1.741(PX3) .0435(VIX1)

- .0533(VIX3) .0909(VIX2) .00617(VMX1) + .00892

(VW) .0e0308(W) .00519(IMX1) + .00251(111/410)

. .00151(111/4%2) + .0740(VPX2) + .00135(VPX1) .148

(VPX3) .0134(IPX1) .0900(IPX3) - .0458(IPX2)

.00128(PMX1) .00685(P1/41X2) .00135(PMX3) + .000416

(V114X1) .0000377(V1MX3) .000452(VIMX2) .00117

(VIPX1) .00395(VIPX2) + .00827(VIPX3) + .000258(VPMX1)

- .000334(VPMX2) + .000295(VPMX3) + .000198(IPMX1)

.000344(IPMX2) + .0 .-(IPMX3) .0000197(VIPMX1) +

.0000184(VIPMX2) - .0000207(VIPMX3) + 6.989

ItVe\le VVQIII (V) = 15.807 MARSTOT = 184.546

wrQr (I) = 18.020 PPRT = 12.614

2o a
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174

Stoichiometry relayed Posttest (ST): Main Effects Regression Equation

Equation: ST .00798 (MAILSTOT) + .188 (PPRT) + 6.927

20
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Table 94

Stoichiometry Delayed Posttest (ST): F Tests for Possible Significant Effects

Si .Level

Mean = 6.719 S.D. = 2.757 Cases = 528 Max. = 10

Predictor A R2 F

MARSTOT

PPRT

VX2
VX1
VX3

.03557

.08180

.00000

.00602

.00001

.03557/.101774a=

.08180/.001774 =

.00603/3 1.13

20.05

46.11

.01

.01

NSb

.001774

.00603

aError Term = (1-.17158)/475-8 = .001774

bNS = Nonsignificant
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Table 95

ACS-NSIA Problems Subiest (ACSPROB):

General Regression Equation

ACSPROB = + .00918 (V) + .0293(1) - .00436CMARST(7T) + .1966(PPRT)

29.4124(X2) 57.196(X1) + 129.818(X3) + 2.329(VX2)

+ 1.151(VX1) 7.938(VX3) + 3.363(IX1) + 1.093(1X2)

- 6.139(1X3) + .3843(MX1) - .7575(MX3),+.1870(1 2)

+ 3.880(PX2) + 2.655(PX1) 9.024(PX3) .0862(VIX1)

- .0947(VIX2) + .3895(VIX3) .0129(VMX1) .0143(VMX2)

+ .4749(VMX3) - .0234(IMX1) .00749(1MX2) + .0369(1MX3)

.2809(VPX2) .00385(VPX1) + .5565(VPX3) .1716(IPX1)

- .1652(1112) + .4365(IPX3) .0197(PMX1) .0212(PMX2)

+ .0513(PMA3) + .000918(VINX1) + .000594(VEMX2) .00242

(V1MX3) + .00274(VIPX1) + .0123(VIPX2) .0281(VIPX3)

.00150(VPMX2) + .000487(VPMX1) .00329(VPMX3) +

.000915(IPMX2) + .00130(IP4X1)'- .00257(IPMX3)

mo0040(VIPMX1) .0000686(VIPMX2) + .000174(VIPMX3)

4t.

+ 2.495

Where VVQV (V) 15.807

WQI (I) 18.020

MARMOT 184.546

PPRT = 12.614

tC
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Table 96

ACS-NSTA Problem Subtest (ACSPROB): Main Effects Regression Equation

Equation: ACSPROB = -.00368 (MARMOT) + .194 (PPRT) + 3.298

?
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Table 97

ACS-NSTA Problems Subtest (ANCSPRO8): F Tests for Possible Significant Effects

Mean = 4.944 S.D. = 2.245 Cases = 377 Max. = 10

Predictor C: R2 F Sig.Level

MARSTOT .02154 .02154/.002222a= 9.69 .01

A^

PPRT .13670 .13670/.002222 = 61.52 .01_

mu
PMX2

.00005

.00054
.01462/,

=3 2.19 NSb

PMX3 .0140f .002222

.01462

VIPX1
VIPX2

.01237

.00083
.013SO/3

2.03 NS

VIPX3 .00030

.01350

VIPMX1 .00026

VIR,D(2 :00005 .01213 /3 = 1.82 NS

VIPMX3 .01182 .002222

.01213

VPMX2
VPMX1

.00113
-.00548'

.00699/3 = 1.05 NS ,

VPMX3 .00038 .002222

.00699

aError Term = (1-.28004)/324 = .002222

INS = Nonsignificant

211
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Table 98

ACS-NSTA Nonproblems Subtest (ACSNPROB):

General Regression Equation

ACSNPROB . +.00693(V) + .0524(I) - .00731(MARSTOT) + .3937(PPRT)

- 3.4779(X2) 71.362(X1) + 160.455(X3) + 1.812(VX2)

+ 2.667(VX1) - 8.499(VX3) + 3.864(IX1) 1.159(IX2)

6.968(IX3) + .5057(MX1) .9678(MX3) * .0369(MX2)

+ 1.8841PX2) + 2.679(PX1) 9.341(PX3) -.1803(V1X1)

- .0110kV1X2) + .3824(VIX3) - .0220(Vta1) .00858

(VMX2) + .0519(V44(3) - .0300(14X1) + .00396(114X2)

+ .0454((MX3) .2286(VPX2) .0232(VPX1) + .4012

.1442(IPX1) - .0214(IPX2) +.3919(IPX3)

.048(FMX1) .00892(M2) + :0547(PMX3) + .00156

(WNW + .0000553(VIMX2) .00252-(V1MX3) + .00422

(VIPX1) + .00685(VIPX2) .0173(VIPX3) + .00113(VPMX2)-

+ .006660(VPM(1) .00254(VFMX3) + .000109(IPM4(2)

+ .001*3(IEN4fcly-- .00247(IFMX3) .0000652(VIPMX1)

- .0000441(VIPMX2) + -.000123(VIPM4(3) + 8.468

Where WQV (V) E. 15.807 MARSTOT = 184.546

WQI (I) = 18.020 PPRT = 12.614

2\

212 \



180

Table 99

ACS-NSTA Nonproblems Subtest (ACSNFROB): Main Effects Regression Equation

Equation: ACSNPROB = -.0070G (URSTOT) + .398 (PPRT) + 10.250
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Table 100

ACS-NSTA Nonproblems Subtest (ACSNPROB): F Tests for Possible Significant Effects

Sig.Level

Mean = 13.454 S.D. = 4.243 Cases = 377 Max. = 30

Predictor p R2 F

MARMOT .02361 .02361/.002205a= 10.71 .01

PPRT .16093 .16093/.002205 = 72.98 .01

IX1

IX2

.00Q40

.01091
.01532/3

= 2.32 NSb

1K3 .00401 .002205

.01532

PMX1

PMX2

.00103

.00340
.01476/3

2.23 NS

I4 D(3 .01033 .00220§

.01476

aError Term = (1-.28569)/324 = .002205

bNS = Nonsignificant
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Table 101

Results of the

Decimal- Nondecimal Subtests Comparison

Test n x S.D. S.E.

Decimal 421 10.81 1.90 .093

Nondecimal 421 11.31 1.48 .072

4

6.49 <.001
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Table 102

Means on ACS-NSTA Exam

According to Notation Used

4.

183

ti

Nottation n i; Scheffe p

None 315 16.62

Some 28 17.79

Complete 166 20.63 .05

4'

2.10
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Table 103

Analysis of Variance for

Amount of Notation Used

Source D.F. Sum of Squares Mean Squares F Ratio F Prob

*

Between Groups

Within Groups

Total

2

506

508

1744

13394

15138

872

26

32.95 <.0001
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Table 104

Chi Squire .Analysis of Differences of Notation According .to Strategy

Treatment

Factor-Label

%Analogy

Diagram

Proportion

,nCout.'

uRow percentage
SColumn'percentage
'Total percentage

Degree of-Notation

,Nbne Soie Complete

71!
54. 2 °

4'

3j1
22.5 c 1 .3

13.9d .8

80 8

61.1 6.1

25.4 28.6

15.7 1.6

-82 10

63.1 7.7

26.0 35.7
16.1 2.0

82 6

70.1 5.1

26.0 21.4

16:1 1.2

31$ 2ti

61.9 5.5

56 .

42.7
33.7
11.0

43.
12.8
25%9
8.4

38

.22.9

7.5

166 .

32.6

Chi Square 12.03

df 6
'

V .11

Significance .06

I



Table 10$

Means for Total Time Analysis of

Data for Proportional Reasoning Ability

Treatments

Proportional Reasoning Ability

Low High Rog Total

Non:.

Proportional

63
16

1004
15

60

24

1437
17

61

40

2441

16

59 75 67

6 6 12

Proportidhal 355 450 805

12 '19 17

62a 63 62

Column
lb 30 52

Total 1359c 1187 3246

14d'. 19 17

t Mean
! Count
Sum
Standard leviation
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Table 106

Analysis of Variance for

Proportional Reasoning Total -

Time Analysis for Gas Laws

Source of
Variation

Sum of
Squares DF

Mean
Square F

Significance
of F

Main Effects 370 2 185 .69 .51

Treatment 354 1, 354 1.31 .26

PPRT 31 1 31 .116 .73

2-Way Interaction 800 1 800 2.96 .09

Explained 1170 3 390 1.44 .24

Residual 12960 48 270

Total 14131 51 277
4,

`2 tf



Table 107

Means for Total Time Analysis of

Molarity Data for Proportional Reasoning Ability

Treatments

Proportional Reasoning Ability"

Low High Row Total

129 110 117

Nan- 12 23 35

Proportional 1547 2538 4085

37 34
, 35

143 118 127

3 5 8

Proportional 430 , 589 1019

36, 21 28

132a 112 118

15b 28 43

COltnn 19770 3127 5104

Total'
.

35d 32 34

a Mean
b Count
Sum

d Standard Deviation
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Table 108

Analysis of Variance for

oroportional Reasoning Total

Tine Analysis for Molarity

Source
Variation

Sum Of Mean

5tiares
DP Square

Main Effects 4607

Treatment 653

PPRT 3868

2-Way Interactiote 73

Explained 4681

Residual I

43927

Total I 48609

2 2304

1 653

1 3868

1 73

3 1560

39 1126

42 1157

Significance
of F

2.05

.58

3.43

.46

1.38

.14

.45

.07

. 80

. 26
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Table 109._

Summary of Questionnaire Data

Item Response

Number
F A D. P F

1 Never Skipped 55 46 27 52 45

Skipped part or all 65 71 88 55 53

Response not clear 3 7 2 8 2

2 If skipped, more
toward end 28 18 32 23 23

More toward start 4 4 6 4 3

Response not clear 9 4 10 7 7

No response 10 26 19 9 8

All four units 16 21 21 16 13

Didn't skip 56 51 29 56 46

3 Yes 110 75 67 92 89

Undecided 0 3 0 1 0

No 13 32 35 20 11

No response 0 14 15 '2 0

4 All of the time (yes) 106 56 42 101 86

Part of the time 12 24 26 11 10

Undecided 0 1 0 0 0

Never (no) 4 36 45 3 3

No response 1 7 4 0 1

5 Teacher 11 9 4 5 9

Another student 1 1 1 3 1

Textbook 2 1 2 0 2

Different packet 5 2 0 2 4

No response 98 89 74 94 80

Other 6 22 36 11 5

6 None or blank 104 112 105 79 85

Left out details 10 7 5 30 8

Other 9 5 7 6 7

7 Yes 11 11 6 7 9

No 107 108 105 103 87

Sometimes 2 1 1 1 2

No response 3 4' 5 4 2

123 124 117

..
115 100

90

Percentage
A D

"37 23 45
57 75 48

6 2 7

15 27 20

3 5 3

3 9 6

21 16 8

17 18 14

41 25 49

60 57 80

2 0 1

26 30 17
11 13 2

45 36 88

19 22 10

1 0 0

29 38 3

6 3 0

7 3 4

1 1 3

1 2 0

2 0 2

72 63 82

18 31 10

90 90 69

6 4 26
4 6 5

9 5 6

87 90 90
1 1 1

3 4 3

100 100 100
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Table 110

panes to Questionnaire No. 8

Response g al Label

Very explanatory 6

Answers given 1

lAsy and fast 6

Helped 15

Self pacing/help 4

Examples 9

Step-by-step (logical) 7

Better than class .
2

(teacher)

Better than book 2

Pratice problee 0

191

tiumber

Analogy Diagram Proportion Total

18 9 5 58

7 11 11 41

'14 9 7 36

7 3 8 33

7 3 8 -.22

--1 6 0 22

1 3 6 17

S 7 2 16

3 5 13

4 3 10

4.
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Table 111

Responses to Questionnaire No. 9

Response

Number

Factor-Label Analogy Diagram Proportion Total

Too long or too many 22 14 13 23 72

Boring (monotonous) 7 8 12 9 36

Method itself 0 20 6 0 26

Confusing, complicated 6 5 6 7 24

Tests or quizzes 5 7 2 4 24

Not enough time 3 7 5 5 20

*wed too fast
.._

5 3 2 6 16

Problems/math 3 2 4 4 13

Repetitious 2 4 0 4 10

Not enough practice,
review or explanation

2 2 1 2 7

Keeping packets 0 3 2 0 5

Too hard 1 1 2 1 5

Too easy 2 0 0 3 5
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INTERVIEW STUDY

The second part of this investigation consisted of an int rview study

to determine the processes that students use in solving chemist problems.

This also provided a follow-up on the aptitude by treatment into tion

study to see if students were using the teaching strategies (tree ts)

taught.

Background Information

Fuse of an interview technique to determine students' problem olving

behavior has certain advantages over paper and-pencil techniques. more

information can be gathered in'an unobtrusive manner about what students are

actually thinking through the use of interviews. On the other hand, they are

always the disadvantages of using a small sample size (interviewing studen s

and analyzing the interviews is a time-constming process) of possible incon

sistency across interviews and among interviewers, and possible lack of rep

liability in the coding of the interviews.

The approach used in this study was one of having students think aloud

while solving the problemsi. In mathematics this approach which follows that

used by Kilpatrick (1967) is.fairly common. Kilpatrick tape-recorded students'

solving problems out loud and then in order to trace the solution path, developed

a coding scheme based on Polya's heuristics. This included examining whether

students understood the problem, devised a plan for solving it, carried out the

plan, and evaluated what had been done. Subsequent studies in mathematics have

modified Kilpatricks' system by adding more specific process behavior (for ex-

ample, Lucas, 1974; Kantowski, 1974; and, Days, 1977). At the present time,

Kuim of Purdue University is synthesizing data of interviews made by 17 other

investigators using a modification of a protocol developed by Smith (1977) which

is some hat content free.

193

Using an interview technique to determine students' problem solving processes
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in science is not new. In the area of- physics, work has been done by Towbridge and

McDermott (1980) at the University of Washington and Clement (1979) at the

Uniyersity of Massachusetts. The techniques used by both investigators .in-

volved more intrhtion than that used in the "think aloud" technique.

In the area of chemistry, Nurrenbern, (1979) studied high school students

behavior when solving stoichiometric limiting - reagent problems. She compared

the processes used by formal and concrete students using the "think aloud"

technique, and coded data according to a schema based on that of Days (1977).

Because of the similarity of this project to her dissertation study and in

order to compare these results with hers and those available in mathematics

education, the "think aloud" technique was used for this Data were

coded using a modification of the Nurrenbern coding sheet.

Questions Studied

This interview study sought to answer the following questions:

1. Are there differences in the problem solving strategies used by .

students of different verbal-visual preference?

2. Are there differences in the problem solving strategies used by

students of-different proportional reasoning ability?

3. Are there differences in the problem solving strategies used by

students who are successful problem solvers versus those classified as

unsuccessful?

4. Are-there differences in the problem solving strategies used by

students who have been taught to `salve problems according to different

methods?
,.

4.

,S. Are there differences in the problem solving strategies of

students who solve the problem correctly versus those who do not?.

6. Are the mother of questions a student answers correctly related to

AIN

111

their verbal-visual prefer ce, their proporyional reasoning ability, whether
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they are successful/unsuccessful in problem solving, the method used in

learning to solve problems and the number of problems solved correctly?

Methods and Procedures

le

195

The major objective of this study was to compare processes students used

who were successful problem solvers with those who were unsuccessful. Some

criterion had.to be selected on which success could be judged. There were two

possible options. Success could be judged by outcomes on the problems students

were asked to solve while being interviewed. The other alternative was to

judge success on the basis of how well students performed on the immediate or

delayed posttests administered for the aptitude by treatment interaction study.

Because the success rate was so low on the problems students solved while

thinking aloud, and because it was impossible to know this in advance of the

interviews, the decision was made to base success or lack thereof on students'

scores on the immediate and delayed posttests.

If this interview study had not followed the treatments in Part I of this

study, there would have been no need to be concerned about other classifications

for selection of students to be interviewed. Because this was not the case; an

effort was made to select students for interviews who had various degrees of

proportional reasoning ability verbal-visual preferences. The ideal select-

ion process would have been to inc ude students in each of the categories shown

in Figure26. It was originally intended that eight successful and eight un-

successful students in each cell for each of the four chemistry topics studied

imoles, gas laws, stoichiometry, and molarity) be included in the study. This

would have resulted in 64 students per topic or a total of 256 interviews.

In reality it -not feasible to obtain this distribution for several

reasons. First, for some of the categories the number of students having the

n



Visual
a

Verbal

Visual

Verbal

Visua

Ideal Sample

Proportional Reasoning

Low Hi

Verbal

Moles Unit

Proportional Reasoning
Low High

S U S

5 11 15 5

S U S. U

6 14 12.. 3

Stoichiometry Unit-

Proportional. Reasoning
Low HiQh

S U S U

8 7 11 7

S U S U

3 13 12 5

Actual Samples

Visual

Verbal

Visual

Verbal
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Gas Laws Unit

Proportional Reasoning
Low HiQh

S . U S U

2 12 8 8

S U S U

9 10 9 6

Molar Unit

Proportional Reasolling
Low High"

S

5

U ,

8

S

10

U

7

S

10

U .

5

S

7

'U

3

Figure 26. Ideal sample versus real samples of students interviewed.
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desired characteristics was expected tobe small.' For example, most students

who had high proportional reasoning ability were successful and those with

low proportional reasoning ability unsuccessful. Second, an attempt was made

not to interview any students a second time. (This happened in no more than

2% of the interviews.) These reasons, together with the fact that there were

a limited number of students from whom to select, (had taken the original

aptitude tests, obtained permission frdm their parents and wanted to partici-

pate) made it difficult to find students with the correct combination of

aptitudes who were available during the times when interviews were conducted.

As the interviews progressed, another factor became evident. -Some students

who did very poorly on the tests were poor candidates for interviews becauie

their reason for doing poorly was that they were absent from school frequently

and had not had the appropriate instruction. An effort was made to avoid in-
ANL

terviewing these types of students as the project progressed.

Because of -the above considerations, the resulting number of students in

each category was not equal. The actual distribution based on the delayed

poshest scores is shown in-Figure 26 .

Procedures

4

The following procedures were used for the interview study:

1. After students had completed both the immediate and delayed posttests

for each unit, results were obtained and selection of students made on the

basis of their aptitude scores on the proportional reasoning test, the verbal-

visual test and their availability during the time in which the interviewers

would be in the school. (Students completed a schedule form at the beginning

of the semester: A copy of this form is found in Appendix I ).

2. Chemistry teachers were notified of which students were to be liter-

viewed and informed students of the date., time and place.

230.
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3. Two to three interviewers went to the school for the interview.

Two of these were doctoral students in science education, one a masters'

degree student. Prior to their going for the first ihterview a de-

tailed booklet as shown in Appendix J was prepared giving the interview
V

protocol. This protocol was discussed in advance and although there were

no formal training sessions, some of the earliest interviews were used as

practice sessions. The results from these interviews were not analyzed.

4. Because teachers felt that calling these sessions "interview

sessions" Might not be well received by students, they were call "feedback

sessions". A copy of the procedures as described to the teachers is given

in Appendix K . These were slightly modified as follows:_

a. Time. Each session lasted approximately 45 minutes, andwas con-

duGted, when possible, during study periods. It was necessary at

times to have sessions after school and during class time (at the
OP

teacher's dis'cretion).

b. Place.. The session took place in a separate roan away from the

chemistry classroom.

c. Supportive materials. Audio-tapes and recorders were heeded to

record the interview. _Students were provided with a periodic table,

unlined paper,' and a pencil. Originally a calculator was provided.

After the first few interviews a decision to disallow the use of a

calculator was made. The calculator seemed to inhibit the student

from using the "think aloud" technique. He/she pushed buttons instead.

d. Selection of students. Students were selected as described above.

In order to encourage participation, $3.00 was paid to each student who

participated in the interview. (In one school it was the desire of the

principal not to pay students so this was not done. Because of this it
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was more difficult, to get students to participate, particularly after

school).

e. Initial instruction'to the student. Prior to the feedback session,

the students were given the following instructions:

1. The student was told that he/she would be solving problems like

he/she had done in class.

2. The student was told that the.sessionsWas private. The concept

of compl6te privacy was emphasized. The student was insured that nothing

said, nor the results of any problems, would be repeated to the teacher

or to the classmates of the.student.

3. The student was informed .that the interviewer was primarily,

interested in horithe problems were solved.

4, Each student was asked if he/she objected to being recorded,

and was told that they would not be required to listen to the tape

being replayed.

f. During the session the students used a "think aloud" technique.

This technique was divided into three sections as follows:

1. Think-Aloud Warm-Up.,

a. The student listened to a short tape of a person solving

a problem aloud.

b. The student was taped while solving a think-aloud problem

.from Whimbey.

c. The student was informed of the importance of thinking

aloud while solving the problems during the session.

2. QuestionsSection: Chemistry content questions were asked to

establish students' knowledge of chemistry that was considered

,essential for solving the chemietry-problems.
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3. Problem Section: Three problems were presented to each student

from a pool of items of each type that studer0 tried to solve while

thinking aloud. The interviewer prompted students with a general

question such as, are you thinking now ?" when thi-thinkaloud

Process broke down. No hints to the probleM Solving were given. The

_interviewers took notes on paper while the student thought aloud.

According to other researchers this is suppoSed to stimulate the

think aloud process.

Instruments

Aptitude asures

The, _..oportional Reasoning Test and the Verbal-Visual Preference Test

were used to classify the students according to their aptitudes.

Approximately half-of the students who were interviewed for each of the

four topics Olere considered low in proportional reasoning. The other half

was considered high. For the moles unit, students scoring' less' than or equal

to-13 we +e classified r. low whereas students scoring above 13 were classified

as high. For the gas laws and stoichiometry units, the cut off lobint was 11,

and for molarity 12._

For the purposes of classifi'-ation, the scoring of the Verbal-Visual

Preference Test was modified to give students a single score. This was done

by scoring one point for agreement with items that, are imaginal in nature and

'also one point for disagreement with items that are verbal in nature. This

new method is a transformation of the original method by the following function:

VVP = EIc - EVc + V

where VVP is the Verbal-Visual Preference score, lc represents the number of

impt

imagery items scored correct' by the Paivio method, VC represents the number of

verbal items scored 'correct' by the Paivio method, and V is the total number of

verbal items (a constant = 31) For a subject scoring 22 on the imagery scale
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and 17 on the verbal scale, the VVP score would be 22-17+31=36. This scoring

method allowed for one continuous variable of scores ranging from 0 to 54. It

assumes that there is a correlation between the imagery and verbal scores. The

actual correlation was .29. This indicates that there is approximately 8%

shared variance. Because this amount of variance is fairly low, the decision

to use the combined scale was made. It made the selection of students for

interviews less complicated than using separate imagery. and verbal scores.

Students with scores 1 34 for the Moles and Gas Laws Units and 1 33 for

the Stoichiometry and Molarity Units were considered to have high verbal pre-

ference. The remaining students were considered to have a high visual or
-

imagery preference.

Interview Questions

A series of questions that were asked in a fixed order were included in

each interview immediately following the mathematics-problem that the student

solved aloud. The reasons for preceding the problems with questions was three-

fold. It allowed the investigator to determine whether studefits had the necessary

prerequisite skills and a qualitative understanding of the concepts needed to

solve the problem; it "tuned-in" the students to the subject matter at hand by

reviewing the concepts needed; and, finally it probably set students a little

more at ease during the interview since many more could answer the questions

successfully than do the problems.

Students were given feedback on the answers to the questions and inter-
.

viewers prompted them to elicit correct answers after a wrong response or pro-

longed si,ence. Answers to the questions were subsequently coded according to

whether prompting was necessary to obtain a correct answer.

The Ittuber of questions asked varied according to the unit. The moles t4iit

had six questions, gas laws unit seven questions, the stoichiometrY unit four

questions and the molarity unit five questions. The questions are found in

Appendix L.

234
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Interview Problems

Each student was interviewed on how,to solve three problems in a given

unit. Problems became increasingly more difficult. The first problem was

considered to be a one-step problem, the second problem was more complex

containing two or more steps. The third problem involved transfer. It was

similar to those problems on the delayed posttest that were judged to be

transfer items.

Three similar but non-equivalent items were written for each of the above

categoiies. They were considered to be similar in that they containe4 the same

number of steps, and if a chemical equation was involved, the same equation.

They were not equivalent in that they tested slightly different concepts, some

of which may have been more difficult for the students:, For example, the

second set of problems used for the stoichiometry interviews were as follows:

241 Sodium carbonate (Na2CO3) reacts with hydrochloric acid (HC1) to form

sodium chloride (NaCl), water (H20), and carbon dioxide gasJCO2)

according- tok the reaction:

Na
2
CO

3(aq)
+ 2 HC1(aq) 2 NaCl(aq) + H20(1) + CO2(g

How many grams of CO2 would be produced from 146.0 grams of HC1,re-

acting with sufficient Na2CO3?

2MV - Sodium carbonate (Na
2
CO

3
) reacts with hydrochloric acid (HC1) to form

sodium chloride (NaC1), water (H20), and carbon dioxide (CO2) according

to the reaction:

Na2CO3(aq) + 2 HC1(aq) - 2 NaC1.(aq) + H20(1) + CO2(g)

How many liters of CO2 (measured at STP) would be produced from 146.0

grams of HCl reacting with sufficient Na2CO3?

23,7;
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34P - Sodium carbonate (ia2CO3) reacts with hydrochloric acid (HCl) to

form sodium chloride (NaC1), water (H20), and carbon dioxide gas

(CO2) according to the reaction:

Na2CO3(aq) + 2 HC1(aq) . 2 NaCl(aq) + H20(1) + 002(g)

How many molecules of CO2 would be produced from 146.0 grams of

HC1 reacting with sufficient Na2CO3?

In every case, the same equation was used. The first problem is a

mass-mass problem, the second is a volue-mass problem and the third is a

particle-mass problem.

The problems were typed on individual 8" x 5" cards. The interviewers

randomly selected 1 problem from each of the three sets of cards:- These

three problems were then presented individually by the interviewer to the

student being interviewed.

This resulted in the distribution of problems al shown in Table 112.

Problems are given in Appendix L.

Coding Protocol

The tapes were boded using a protocol adapted from one used by Nurrenbern

(1979).Thesame.general categories of reading/organizing, recall, production,

strategy, structural errors, evaluation, comments about solution and executive

errors were included. In addition,'a section on the questions was added.

Some categories were modified slightly because it was felt that they were

not suitable for the category. For example, under Reading/Organizing, the

category "Says he does not understand the problem" was deleted because it was

felt it would le i to spuriously high results - it did not indicate an

organizing skill.

The production category was modified by organizing statements into those

approaches thought to be systemmatic versus non-systemmatic. A "No answer

f
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Table 112

Distribution of Problems for Interviews

Unit Problems

Set I Set 2 Set 3
Problem
Code No.

Times
Used

Problem
Code No.

Times
Used

Problem
'Code`-No.

Times
Used

Moles M 24 VM 23 VA 23

V 25 MMb 29 MA 24

Mo 25 MoV 22 VM 19

Gas Laws TP 25 P 1$ Al -TV 20

TV s18 TPV 20 M+TV 21

Stoic:biometry

. PV

N

21

18

PVT _,

144

26

26'

MPV
4,

HH

23

22

V 27 MV 23 SS1 24

P 21 MP 17 SS2 20

Molarity Ml 18 MoD , 25 WA 22

G 23 MoC 16 GA1 23

Mo 23 MV 23 GA2 19

23 7
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_given" category was added to allow for cases in which students di not work

enough of the problem to allow a judgement to be made on how the p lem was

being solved. Several categories under "production" were moved to "s ructural

errors".

The "structural error" section usedby Nurrenbern had been devised her

. particular study of stoichiometry limitingtreagentproblems. Because this as

inappropriate for many of the problems that, had to ba coded in this study,

was revised to make this section more inclusive. This modification was used

in the moles problems. After using this same schema for coding the problems

in the gas laws, stoichiometry and siolarity units, it was recognized that some

data were being lost. Three nevi coding sheets for the structural errors for

each of the remaining t. pics (gas laws, stoichiometry, and molarity) were then

devised.

Modifications were also made of the' description of the coding form used by

Nurrenbern. In some casei the description given was net comprehensive enough to

cover the wide range of responses to be coded consistently by the same reviewer

or by another reviewer. The general coding form, the structural, errors coding

form, and the coding form descriptions are given in Appendix M.

All of the tapes were coded three times, twice by the same rater and then

checked by the principal investigator'. Comments made by the interviewer during

the-interview as well as the sheet used by the student for calculation were

used in the coding process. The rater,-a doctoral student who was a former

middle school science teacher, listened to' an.individual tape and coded it on

the general coding sheet. Betwr a one and three weeks later, he listened to

the tape,again and coded it independently. The principal investigator then

compared the two coding sheets while listening to the tape and made any approp-

riate additions or resolved conflicting codes. The reliability of the coding

233



Table 113

Reliability of Coding of Interviews Using Kendall's Coefficient of Concordance

General Form Categories

*Reading/Organizing
Systemnatic Approach
Approach Taught
Arithmetic Algorithm
Nonsystematic Approach
No Answer Given
Algorithmic Only
Algorithmic/Reasoning Strategy
Random Trial and Error
Misinterprets Problem
Disregards Information Given
Disregards Information Generated
Misapplies Information
Needed Information Not Generated
*Evaluation
*Comments About Solution
*Executive Errors
Problems Correct
Problems Incorrect
Questions Correct

-Questions Incorrect
Questions Cl
Questions C2
Questions C3
Questions C4

Structural Errors Sheet
*Problem 1 Cl
*Problem 1 C2

' *Problem,2 ClN*Problem 2 C2
,Problem 3 Cl

blew 3 C2
oblem 3 C3

Moles
Coefficien17V-T

Gas Laws Stoichiometry Molarity

Coefficient W P Coefficient W P Coefficient W P

.95 .00 .98 .00 .92 .00 .93 .00

.97 .00 .97 .00 .98 .00 1.00 :00

.91 .00 .95 .00 1.00 .00 1.00 .00

.93 .00 .95 .00 .92 .00 1.00 .00

.95 .00 .86 .00 .90 .00 1.00 .00

.82 .00 .97 .00 .90 .00 1.00 .00

.96 .00 .96 .00 .95 .00 .97 .00

.95 .00 .97 .00 .97 .00 1.00 .00

.95 .00 .74 .01 .87 .00 .91 .00

.54 .03 1.00 .00 .33 .45 .1.00 it :oo

.83 .00 .78 .00 .67 .01 1.00 .00

.49 .06 1.00 .00 1.00 .00 .70 .01

.83 .00 .94 .00 .52 .09 1.00 .00

.33 .46 .98 .00 .43 .21 1.00 .00.

.96 2Do .92 .00 .92 .00 .99 .00

.92 .00 .99 .00 .99 .00 1.00 .00

.05 .00 1.00 .00 .78 .00 .35 .00

1.00 .00 1.00 .00 .97 .00 1.00 .00

.99 .00 1.00 .00 .98 .00 1.00 / .00

.98 .00 1.00 .00 1.00 .00 1.00 .00

.98 .00 1.00 .00 1.00 .00 1.00 .00

'.95 .00 1.00 .00 .95 .00 .33 .44

.92 .00 1.00 .00 .98 ,00 1.00 .00

1.00 .00 1.00 .00 1.06 .00 1.00 .00

1.00 .00 1.00 .00 1.00 .00 1.00 .00

x1 x 1.00 .04 1.00 .04 .94 .05

x x 1.00 .04 1.00 .04 1.00 .04

x x .93 .05 .85 .08 .84 .09

x .04 1.00 .04 1.00, .04

x x :96} .04 1.00 .04 .95 .05'

x x .90 .06 1.00 .04 1.00 .04

x x .92 .06 1.00 .04 1.00 .04

!Sec ion is summed over several codes.
1Nbt c)
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system betweemithe three ratings (two by the one rater, one by the principal

investigator) using l's Coefficient of Concordance ranged-from 3.3

1.00 only 4% had a probability level exceeding .05-.

The original rater did not use the specially prepared structural error

sheet e his background in chemistry was somewhat limited. These were

coded by the principal investigator (a chemistry educator) and checked by an

experienc chemistry teacher whose students participated in the study. Re-
_ b

liabilities r- ged from .84 to 1.00.

A summary the reliability of the coding of the interviews is found in

Table 113.

Hypotheses

The .following hypo ses were tested using dataflem the interviews:

1. There are no significant differences in chemistry problem solving

strategies used by students having verbal or visual preferences for learning.

2. There are,no signif':ant differences in chemistry problem solving

strategies used bystudents of high and low proportional reasoning ability.

3. There are no significant differences in chemistry problem solving

strategies used by students considered successful problem solvers versus

unsuccessful' ones.

4. There are no significant differences in chemistry problem solving

strategies used by students according to the method taught to solve the

problems.

S. There are no siOnificant differences in chemistry problem solving

strategies used by students who solved the problem correctly versus those

who did not.

6. There are nofaifferences in the number of qUestions a student answers

succespfully according to verbal-Vigual preference,,proportional'reasoning

ability, success in,problem solving, the method taught in learning problem

solving, aid the number of problems solved correctly.

241
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Statistical Analyses

Hypotheses one through five were analyzed using three different statistical

methods. In cases where only frequencies were available, chi - square analyses

were used. This method was used for the following: reading/organizing codes,

mneumonic codes, production codes, strategy codes, and structural error codes.

In cases where data were summed for given categories, Kruskal-Wallis .one

way analyses,of variance were used when the data were not normally' distributed

and three groups were present. (This was deftwined'using the KolmogorOv-

1

Smirnov goodness of fit test.) Mann-Whitney U Tests were used in Cases where

data were not normally distributed and only two groups were present. Data .

were summed for the following: reading/organizing, evaluation, comments about

solution, 'executive errors, total number of.questions correct, number of non-

prompted questions correct, number of problems correct and for all categories

previously analyzed using the chi-square when they were started over problems.

A summary of tests used for each analysis is given in Table 114.

2,12



Table 114

Tests of Significance Used With Interview Datal .

Proportional

Verbal-Visual Ressoning

Preference Ability .

P T P T

leading/Organizing. . 3 3 3 3

Rereads or Stating 3 3 3 3

Wheumenics 3 3 3 3

Production
gystemmetic
Approach Taught
Arithmetic
Nonsystem
No Answer ^3

1 3 1 3

1 3 1' 3
1 3 1 3

\....1 3 1 3
1 3 1 3

Stroh
Algorithmic 1 3 1 3

g/Rcasoning 1 3 1 3
1 3 1 3T E

Struc 1 Error

is erprets 1 3 1 3

Disre rds given "1 3 1 3

Dis a ds gen 1 3 1 3

Nisa li 1 3 1 3

Not gamer- e 1 3 , 1 3

3 3 3

3 3 3
3 3 3
3 X 3
3 X 3
3 X 3 .

3 1 3

3 1 3

3 1 3
3 1 3
3 1 3

3 a
3 1 (3

Evaluation \
,

3

Comments about 01ution 3

Executive Errors \ 3

Problems Correct , X
Questions Correct X
Questions w/o Prompt'og X

Structural Errors
Section 1 1

Section 1 1

Section 2 1

Section 2 1

Section 3 1

Section 3 1

,Section 3 1

Success/Unsuccess

3 Levels Test
P T

Teaching
Strategy
P T

Problems

Correct/
Incorrect
P T

2 2 2 2 3 2

2 2 2 2 3 2

2 2 2 2 3 2

1 2 2 1, 2

1 2
,1
1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 '1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 -1 2

1 2 1 2 1 2'

1 2 1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

2 2 2 2 3 2

2 2 2 2 3 2

2 2 2 2 3 2

X 2 X 2 2

X 2 X 2 2

X 2 X 2 2

1 2 1 2 1 2

1 2 1,:2 1 2

1 2 -1 2 1 2

1 2 1 2 1 2

1 2 1 2 1 2

1 2 I 2 1 2

1 2 1 2 1 2

1-Chi Square

2w1Cruskal-Wallis
30NanrOrn.itney
7. Inappropriate Analysis

24
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Results

Hypothesis 1

There are no significant differences in chemistry problem solving

strategies used by students having verbal or visual preferences for learniii.

In,order to test this hypothesis students were divided into two groups

according to their scores on the modified Paivio verbal-visUal preference

test. These groupings are summarized in Table 115. Results of the analysis

used to test the hypothesis for each of the four chemistry topics are sum-

marized in Table 116. Tatles. 117-120 give more detailed information for

analyses where significant differences were found.

Findings show that students' verbal or visual preferences as measured

by the modified Paivio instrument were generally not related to their problem ,

solving strategies. Table 117 indicates that visual students tended to show

more overt signs of reading/organizing skills and reading/stating the problem

than verbal students on the moles problem 3. There is lire educational sig-
,

nificahce to this finding, however, as no significant differences were'foundg

for the other-moIe§-problems or for problems from the other three units'.

Similar results are found in Table 118. More visual students tended to

use only algorithmic strategies rather than algorit hmic /reasoning strategies,

and they also had a greater tendency to misapply information. Results again

hold'for only the moles unit.

On the other hand, visual students made fewer errors 3n balancing equa-

tions as shown in Table9- structural error 1 1. (Structikral errors varied

according to units so the fact that structural error 1 1 is not significant
\

across the units has no bearing on these results.)

Table 120 shows that visual students also showed greater evidence for

using the approach taught in their packet to solve the problems on molarity.

This was not evident for problems in the other three units.
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Table 116

,Sumary of Sighificant Findings: Verbal-Visual Preference

tol imet ari

Cate_ iies

*Reading/Organiting

Rereads or Stating&

Mheumnics

Production

Y-

,

...

478e
.04

f

482

.02

;

Jr

. .

483
.05

540,
01

4

.

,

.

.

.

.

,

.

.

.

.

4

I

.

4

I

.

1

.

370
.02

,

Systematic

Approach Taught

Arithmetic

Nonsystematic

No Answer

4

Strategy

Algorithmic

Alg/Reasoning

Random T 6 E

Structural Error

Misinterprets

Disregards given

Disregards gen
-..,

Misapplies

Not generate



Table 116 (continued)

Summary of Significant Findings: Verbal-Visual Preference

Protocol Categories

Moles Gas Laws Stoichiometry Nblarity

P1 P2 P3 P1 P2 P3 T Pt P2 P3 P1 P2 P3

*Evaluation

'Comments about Solution

*Executive Errors ,

*Problems Correct Xl X X X X X X X X X X X

*Questions Correct X X X X X X X X X X X X

*Question w/o Prompting X X X X X X X X X X X X

Structural Lrrors .,

Sectionh 1 1 , X X X X X X 9.86
.02

X X X X X

Section 1 -'2 X X X X X X X

vr.

X X X , X X, X

'A

..

Section 2- 1 X %): X X X; X X X X x X X

t" Section 2- 2 X X X X X X X X X X X X X

Section 3 1 X X X X X X X X X X X X X

Section 3 - 2 X X X X X X X X X X X X X

e

Section 3 - 3 X X X X X X X X X X X X X

*Category sum

aPrOblem 1

hProblem 2

cProblem 3

d&an of Prob1:46 1, 2 4 3

247

eStatistic

(Probability level

gSum of rereads ar.: restates subcategories

hSection on supplementary coding sheet

1Not meaningful

2d
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Table 115

Distribution of Students According

to Verbal-Visual Preference

Unit
Verbal Visual

Range X N Range X Ii

Moles 20 -34 29.4 36 35-48 39.8 36

Gas Laws 24 -34 29.0 34 35-48 39.6 30

Stoichiometry . 16 -33 27.7 33 34-44 37.9 33

Molarity 16 -33 27.8 31 34-45 38.3 33

l,

2,

\



Table 117

Interview Data Analyses: *Moles Problem 3

Verbal-Visual Preference

Verbal- Re /Organizing Skills Rereading/Stating Problem

Visual 0 2 3 Total F----1:-------'r-7-', Total

15a 17 2 2 36 29 7 0 36

41.7
b

47.2 5.6 5.6 50.0 80.6 19.4 0 50.0,

Verbal d2.5c,1 53.1 15.4 66.7 (318)e 59.2 31.8 0 (31.9)

20.8' 23.6 2.8 2.8. 40.3 9.7 0

9 15 11 1 36 20 15 1 36

25.0 41.7 30,6 2.8 50.0 55.6 41.7 2.8 50.0

Visual 37.5 46.9 84.6 33.3 (41.2) 40.8 68.2 100.0 (41.1)!

12.5 20.8 15.3 1.4 ;27.8 20.8 1.4

.

Total 24 32 13 3 72 49 22 1 72

33.3 44.4 18.1 4.2 100.0 68.1 30.6 1.4 100.0

)

Mann-Whitney U 478 Mann-Whitney 482

Wilcoxon Rank Sum W 1144 Wilcoxon Rank Sum W 1148

Z d. . -2.05 Z -2:30

Significance, .04. Significance .02

aCount
bRow percentage
,4Column percentage
'Total_ percentage

°Mean rank
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Table 118

Interview Data Analyses: Moles Total

Verbal-Visual Preference

sapp ies it rma ion

Verbal- Algorithmic Strategy Generated

Visual , 0 1 Z SY Total ' 0 1 Total

14 10 5 7 36 36 0 36

38.9 27.8 13.9 19.4 50.0 100.0 0 50.0

Verbal 66.7 58.8 26.3 46.7 (31.9) 54.5 0 (33.5)

19.4 13.9 6.9 9.7 50.0 0

7 7 11 8 36 30 6 1 36

19.4 , 19.4 38.9 22.2 50.0 83.3 16.7 50.0

33.3 41.2 73.7 , 53.3 (41.1) 45.5 100.0 k (39.5)

Visual 9.7 9.7 19.4 11.1 41.7 8.3'

(

Total 21 17 19 15 72 66 6 \ 72

29.2 23.6 26.4 20.8 100.0 91.7 8.3 j 100.0

,
\

Mann Whitney U 483 Mann-Whitney U \ 540

Wilcoxon Rank Sum W 1149 Wilcoxon Rank Sum W 1206

Z -1.92 Z -2.54

Significance .05 Significance , .01

ti



Table 119
.

-Interview-Date=Analyses: Stoiehiometry Problem

Verbal-Visual Preference

Verbal-
Visual

Structural Error 1 1

0 1 f 3 Total

Oa 7 10 16 33

0
b

21.2 30.3 48.5 50A9

Verbal Oc 30.4 76.9 57.1

0
d

10.6 15.2 24.2

2 16 3 12 33

6.1 48.5 9.1 36.4 50.0

Visual 100.0 69.6 23.1 42.9

3.0 24.2 4.5 18.2

Total 2 z 23 13 28 66

3,0 34.8 19.7 , 42.4 100.0

.

Chi Square 9.86

df 3

V .39f

Significance- .0"

!Count
°Row percentage
-,Column percentage

4Total percentage
iCramer's V .

c.

252

4

(A,



ITc

(

Verbal-
Visual 0

26

83.9

Verbal 59.1

40.6

4 18

54.5

Visual
,

40.9
28.1

Total 44
b8.8

Interview
Ve

Table 120

to Analyses: Mbiarity Total
al-Visual Preference "

Approachjaught
1 2-

\

3 Total

2 0

6.5 \O

25.0 g

3 31

9.7 48.4,

.50.0 (28.0)

3.1 4 . 7

6 6\ 3 33

18.2 18.2 \ 9.1 51.6

75.0 100.0 \50.0 (36.8)

9.4 9.4 \\4.7

8

12.5
6 \ 6

9.4 9\.4

Mann-Whitney IJ , \370

.Wilcoxon Rank Sum W 866
Z -2.31

Significance .01

64

100.0
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Hypothesis 2

There are no significant differences in chemistry problem solving

strategies used by students of high or low proportional reasoning ability.

In order-to test this hypothesis students were diVided\into two groups

according, to their Proportional reasoning ability. The resulting groups are

described in Table 121. Results of the analyses used to test the hypothesis

are summarized in Table 122 and details for significant findings arc found in

fables 123-155.

All results-will be discussed in terms of the protocol categories

across the four units.

Rereading or stating. Molaritf, problem 3 only, Table 149. Students

with high proportional reasoning ability reread/stated more frequently.

Mneumonics. Gas Laws, problem 1 only, Table 131. Students with high \

proportional reasoning ability usedmneumonic notation more frequently.

Systemmatic approach. Moles, problems 1, 2, total, and stoichiometry,

problems 1, 4, 3; total, (Tables 135,138,140,142 ). A11 tables indicate

that high proportional reasoning students used a more systemmatic approach.

Nonsystematic approach,. Stoichiometry, probltin 2, (Table 138) , and

molarity, total, (Table 151). -Nonsystemmatic approaches were used by students

of low proportional reasoning ability.

No answer given. boles, total, (Table126), and stoichiometry,- problem-4

kTable135). Low proportional reasoning students more frequentlydid not give

an answer.

Algorithmic strategy. Gas Laws, problem 3, total (Tables 133, 134) and

molarity, total, (Table 149). Low proportional reasoning students'tended to use

only algorithmic strategies.

Algorithmic/reasoning strategy. Moles, problems 2, 3,-total, (Tables 124,

125, 127),, gas laws, all analyses, (Tables 131, 132, 133, 135), stoichiometry,

254
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Table 121

'Distribution of Students According

to Proportional Reasoning Ability (PPRT)

Unit
Low PPRT High PPRT

Range X Range X N

Moles 6-13 10.0 36 14-21 -17.4 35

Gas Laws 5-11 9.0 33 12-21 15.5 31

Stoichiometry 5-11 8.9 31 12-21 16.7 35

Nblarityi 6-12 9.3 29 13-21 16.3 35



Protocol Cate cries

*Reading/Organizing

Rereads or Stating

Nheumonics

Production

'Systematic 6.90 4.12

.009 .04

Table 122

Summary of Significant Findings: Proportional Reasoning Ability

Wkaes Gas haws Stoichiometry Molarity

b ^ P3c Td P1 P2 P3 T P1 P2 PT-- T P1 P2 P3 T

Approach'Taught

Arithmetic

Wisystematic

No Answer

Strategy

Algorithmic

Alg/Reasoning

Random T & E

Structural Error

Misinterprets

Disregards given

Disregards gen

Misapplies

Not generate

253

445

. 02

755
.02

8.09 4.91 412

.004 .03 . 004

771
. 05

374
.008

5.31 671

.02 .02

3.96 3.94 5.58 314

.05 .05 .02 .005

6.21 7.51 5.00 314 ,

.01 .006 .03 .002

4.87'
' .03

4.29
.04

12.25 10.01 8.33 300

.00ds .002 .004 .0002

5.61 , 670

.02 .05

375e

.05

'623

.05

p
662
.03

16.79 7.59 4.73 2.9

<.111i01 .006 .03 c0001

4.77
.03

645
.02

624
.02
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Table 122 (continued)

Summary of Significant Findings: Proportional Reasoning Ability

Molds Gas Laws Stoichiometry Molarity

Protocol Categories P1 ' P2 P3 T'' Pl- P2 P3 T , P1 P2 P3 T P1 P2 P3 T

*Evaluation

*Comments about Selition 761 827 844' 632 - 800 702 734 845 637 6/5

. 0 5 .008 .009 .03 .0002 .0; .003 .0001 .04 .02

*Executive Errors

*Problegme Correct Xi X X 330 x X X X 391 I
X X X 237

.0003 .03 <.0001

*Questions Correct X X X 402 X X X X X 404 X X X 236

.005 .04 .0001,

*Question w/o Prompting X X X ,272 X X X X X X X X X 240

<.0001 .0002

StrOctural Errors

X X X X X X X 9.98 X X X 20.01 X X X.
Sectionh 1 - 1

.02 .006

S

Section 1 - 2 -X X X X X X, X. 26.89
.0002

X X X

Section 42 1 X ,X X X X X X X X X X X X

Section 2 - X X X X X X X X X X X

Section 3 - 1 X X X X X X X X X X X X
i

X
:

Section 3 - 2 X X X X X X X X X X X X 12.93 X
.01 4

Section 3 - 3 X X X X X X X X 13.44 X X X 9.28 X

.004 .05

*Category sum

aProblem 1

bProblem 2

cftoblem 3

dSum of Problems 1, 2 4 3

eStatistic

(Probability level

gSum of rereads and restates subCategories

hSection on supplementary coding sheet

'Not meaningful
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Table 1"23

Interview Data Analyses: Moles- Problem
Proportional Reasoning Agility

Proportional
Reasoning Ability

4

Systemmatic Approach' CommentS about Solution

0 1- Total 0 1 2 3

"12a 24

33.3° 66.7

36

50.7

23

61.9

9' 3

25.0 8.3

1

2.8

Low , t85.7 42.1 44.2 '60.0 100.0 . 100.0

16.9u 33.8 /' 32.4 12.7 4.2 1.4

2 33 35 '29 6 0 0

5.7 94.3 49.3 82.9 17:1 0 0

High 14.3 57.9 55.8 40.0 0
.
0

2.8 46.5 40.8 8.5 0 0
4

Total 14 57 71 52 154 =3 1

19.7 80.3 100.0. 73.2 21.1 4.2 1.!..4

)

Chi Square' 6.90 ,, Mann-Whitney U' 7f$1

df 1 Wilcoxon Rank Sum W 1128

. Phi .35 Z. 1.96

'Significance .009 Significance .05

-
a
Count

b
Rpw percentage

4

,,Column percentage
'Total percentage 'E

2 t

Total

'*- 36_:.

'50.7"

(39.7Y

°35
49.3
(32.2)

r-

71'

100.0



Table 124

Interview Data Analyses: Moles Problem 2

Proportional Reasoning Ability

Proportional
Reasoning Ability

,gystenmatic Approach
Total

Algorithmic Reasoning
Strategy

0 1 Total

Low

High

Total

11

30.6
78.6
15.5

25
69.4
43.9
35.2

36 30 6 36

50.7 83.3 16.7 50.7

63.8 25.0 iv

42.3 8.5

3 32 35 17 18 35

8.6 91.4 49.3 48.6 51.4 49.3

21.4 56.1 36.2 75.0

4.2 45.1 23.9 25.4

14 57

19.7 80.3

Chi Square
df
Phi

Significance

71

100.0

4.12

1

.28

.94

47 24 71

66.2 33.8 100.0

Chi Square
df
Phi
Significance

8.09

1

.37

.004

261



Table 125

Interview Data Analyses: Moles Problem 3

Proportional Reasoning Ability

Algorithmic Reasoning

Proportional Strategy Comments about Solution

Reasoning Ability 0 1 Total 0 1 , 2 Total

Low

High

Total

31 5

86.1 13.9

59.6 26.3
43.7 7.0

21 14

60.0 40.0
40.4 73.7

29.6 19.7

52 19

73.2 26.8

Chi Square
df
Phi

Significance

36 16 18 2

50.7 44.4 50.0 5.6

38.1 66.7 100.0

22.5 25.4 2.8

36

50.7

(41.5)

35 26 9 0 35

49.3 74.3 25.7 0 49.3

61.9 33.3 0 (30.4)

36.6 12.7 0

71 42 27 2

100.0 59.2 38.0 2.8

4.91

1

.29

.03

Mann-Whitney U
Wilcoxon Rank Sum W

Significance

71
1

1000.0

827

1063
2.64
.008

26



Table 126

Interview Data Analyses: Nbles - Total
Proportional Reasoning Ability

Proportional Systematic Approach, No Answer Given 1

Reasoning Ability 0 1 2 1 Total 0 1 2 3 Total

6a 7 8 15 - 36 27 5 2 2 36!

16.7b 19.4 22.2 41.7 50.7 75.0 13.9 5.6 5.6 50.71

Low 85.7c 8Z.5 40.0 41.7 (30..9)e 45.0 71.4 100.0 100.0 (39.5)

8.5d 9.9 11.3 21.1 38.0 7.0 2.8 2.8

1 1 12 21 35 33 2 0 0 351

2.9 2.9 34.3 60.0 49.3 94.3 5.7 0 0 49.3

High 14.3 12.5 60.0 58.3 (41.3) 55.0 28.6 0 0 (32.4

1.4 1.4 16.9 29.6 46.5 2.8 0 0

Total 7 8 20 36 71 60 7 2 2 71

9.9 11.3 28.2 30.7 100.0 84.5 9.9 2.8 2.8 100.0

Mann-Whitney U 445 Mann-Whitney U . 755

Wilcoxon Rank Sum W 1445 Wilcoxon Rank Sum W 1134

Z -2.31 Z 2.29

Significance .02 Significance .02

'Mount
"Row percentage

'Total
percentage

'Total percentage
?Mean rank



Table 127

Interview Data Analyses; Mules - Total

Proportional Reasoning Ability

Proportional Algdcithmic Reasoning Strategy

Reasoning Ability 0 \ 1 2 3 Total

Use of Random Trial and Error

0 1 / 3 Total

28

77.8

3

C3
1

2.8

4

11.1

36

50.7

21

58.3

8

22.2

5

13.9

2

5.6

Low 65.1 37.' 11.1 36.4 (30.0) 42.9 61.5 100.0 50.0

.39.4 4.4 1.4 5.6 29.6 11.3 7.0 2.8

15 5 \ 8 7 35 28 5 0 2

42.9 14.3 \ 22.9 20.0 49.3 80.0 14.3 0 5.7

High 34.9 62.5 \88.9 63.6 (42.2) 57.1 38.5 0 50.0

21.1 7.0 34.3 9.9 39.4 7.0 0 2.8

Total 43 8 9 II 71 49 13 5 4

60.6 11.3 12.17 15.5 100.0 69.0 18.3 7.0 5.6

Mann-Whitney U\ 412

Wilcoxon Rank aim W 1477
\ -2.85

Significance \ .Ooe,

36

50.7
'39.9)

35
49.3
(32.0)

71

100.0

Mann-Whitney U 771

Wilcoxon Rank Sum W 1119
Z 1.99

Significance .05



Table 128

Interview Data Analyseg: Moles Total
Proportional Reasoning Ability

Proportional Contents about Solution

Reasoning Ability 0 1 2 3 4 5 Total

Problems Correct
6. 1 2 3

Low

High

Total

12

33.3
40.0
16.9

18

51.4
60.0
25.4

7

19.4

36.8

9.9

12

34.3

63.2

16.9

5

13.9
62.5
7.0

3

8.6
37.5
4.2

9 2

25.0 5.6

81.8 100.0

12.7 2.8

2

5.7
18.2
2.8

30 19 8 11

42.3 26.8 11.3 15.5

1

e 2.8
100.0

1.4

36

50.7
(42.0)

20

55.6
76.9
28.2

8

22.2
53.3

11.3

6
16.7
26.1

8.5

2

5.6
28.6

2.8

0 0 35 6 7 17 5

0 0 49.3 17.1 20.0 48.6 14.3

0 0 (29.9) 23.1 46.7 73.9 71.4

0 0 8.5 9.9 23.9 7.0

2 1 71 26 15 23 7

2.8 1.4 100.0 36.6 21.1 32.4 9.9 100.0

Total

41
36

50.7
(27.7)

35

49.3
(44.6)

71

Mann-Whitney U 844
Wilcoxon Rank Sum W 1045

2.60

Significance .009

Mann-Whitney 13, 330
Wilcoxon Rank Sian 1560

Z -3.62

Significance .0003



Table 129

Interview Data Analyses: Moles Total
Proportional Reasoning Ability

Proportional
Reasoning_ Ability

Low

High

Total

Questions Correct

2 3 4 5 6 Total

4 6 8 5 13 36

11.1 16.7 22.2 13.9 36.1 50.7

100.0 85.7 66.7 33.3 39.4 (29.7)

5.6 8.5 11.3 7.0 18.3

0 1 4 10 20 35

0 2.9 11.4 28.6 57.1 49.3

0 14.3 33.3 66.7 60.6 (42.5)

0 1.4 5.6 14.1 28.2

4 7 12 15 33 71

S.6 9.9 16.9 . 21.1 46.5 100.0

Mann-Whitney U 402

Wilcoxon Rank Sum W 1488
Z -2.79

Significance .005

'

26 7



Table .130

Interview Data Analyses: Moles Total

Proportional Reasoning Ability

Proportional
Umisoning Abili 0 r 1

\
3 3

8.3 8.3

Low 0.0 75.0

.2 4.2

1

0 2.9

High 0 \ 25.0

0 1.4

Total 3

4.2

Questions Correct Without Promutink
2 3 4 5 6 Total

13 6 6 5 0 36

36.1 16.7 16.7 13.9 0 50.7

81.3 50.0 46.2 29.4 0 (26.1)

18.3 8.5 8.5 7.0 0

3 6 7 12 6 35

8.6 17.1 20.0 34.3 17.1 49.3

18.8 50.0 53.8 70.6 100.0 (46.2)

4.2 8.5 9.9 16.9 8.5

16 12 13 17 6 71

22.5 16.9 18.3 23.9 8.5 100.0

Mann-Whitney U 272

Wilcoxon Rank Sum W 1618'

Z -4.19

Significance < .J001

D



Table 131

Interview Data Analyses: Gas Laws-- Problem 1

Proportional Reasoning Ability

Proportional
Reasoning Ability

Use of Mheumonic Notation Algorithmic Reasoning Strategy Comments about Solution

0 1 Total
33 24

1

9

Total
33

Total

f2 33
11 2

33.3 66.7 51.6 72.7 27.3 51.6 63.6 36.4 51.6

Low 84.6 43.1 (28.3) 63.2 . 34.6 43.8 75.0 (36.1)

17.2 34.4 37.5 14.1 32.8 18.8

2 29

6.5 93.5
r

31

48.4

14 17

45.2 54.8

31

48.4

27 4

87.1 12.9

31
48.4

High 15.4 56.9 (36.9) 36.8 65.4 56.3 25.0 (28.6)

3.1 45.3 21.9 26.o 42.2 6.3

Total 13 51 64 38 26 64 48 16 64

20.3 79.7 100.0 59.4 40.6 100.0 75.0 25.0 100.0

Mann-Whitney U 374 Chi Square 3.96 Mann-Whitney U 632

Wilcoxon Rank Sum W 1145 df 1 Wilcoxon Rank Sum W 887

Z -2.65 Phi .28 Z 2.15

Significance_ .008 Significance .05 Significance .03

27u g

26`i



Table 132

Interview Data Analyses: Gas Laws Problem 2

Proportional Reasoning Ability

Proportional
Reasoning Ability

Algorithmic Reasard4/alategy

0
otaI

*23 10 33

_69.7 30.3 51.6

63.9 35.7

35.9 15.6

13 18 31

41.9 58.1 48.4

High 36.1 64.3
20.3 28.1

Total 36 28 64

56.3 43.8 100.0

Chi Square 3.94

.41f 1

Phi .28

Significance .05

27i
ti



Table 133

Interview Data Analyses: Gas Laws Problem 3

Proportional Reasoning Ability

Proportional Algorithmic Strater Only Algorithmic Reasoning_Strategr

asoning Ability' 1 Total 0 1 Total

24 9 , 33 31 2 3

72.7 27.3 51.6 93.9 6.1 51.6

44.4 90.0 59.6 16.7

37.5 14.1 48.4 3.1

High

Total \

30 1

96.8 3.2

55.6 10.0

46.9 1.6

31 21 10 1

48.4 67.7 32.3 48.4

40.4 83.3
32.8 15.6

54 10 64 :\ 52 12 64

84.4 15.6 100.0.Z 81.3 18.8 100.0

Chi Square 5.31 Chi Square 5.58

df 1 df

Phi .33 Phi .34

Significance .02. Significance .02

1

272



Interview Data Analyses: Gas Laws
Proportional Reasoning Ability

Total

Proportional
Reasoning Ability

Algorithmic Strategy Only Algori Reasoning Strategy

0 1 2 Total 0 2 3 Total

10 6 11

30.3 18.2 33.3

6

18.2

33

51.6

20

60.6
6 6

8.2 18.2

1

3.0
33

51.6

Low 37.0 60.0 52.4 100.0 (37.3) 66.7 60.0 37.5 12.5 (26.5)

15.6 9.4 17.2 9.4 31.3 9.4 1.6

17 4 10 0 31 10 4 10 7 31

54.8 12.9 32.3 0 48.4 32.3 12.9 32.3 22.6 48.4

High 63.0 40.0 47.6 0 (27.4) 33.3 40.0 62.5" 87.5 (38.9)

26.6 6.3 15.6 0 15.6 6.3 15.6 10.9

Total 27 10 21 6 64 30 10 16 8 4 64

42.2 15.6 32.8 9.4 100.0 46.9 15.6 25.0 12.5 100.0

Mann- Ithitney G 671 Mann - Whitney iI 314,

Wilcoxon Rank Sum W 848 Wilcoxon Rank Sum W 1206

Z 2.28 Z -2.84

Significance .02 Significance .005

273
274



Table 135

Interview Data Analyses: Stoichiometry Problem 1

Proportional Reasoning Ability

Proportional Systematic Approach

Reasoning Ability 0 1 -Total

Low

High

Total

14 17

45.2 54.8

74.7 36.2
21.2 25.8

5 30

14.3 85.7
26.3 63.8
7.6 45.5

No Answer Given

-6 1 Total

31 24 7 31

47.0 77.4 22.6 47.0

41.4 87.5

36.4 10.6

35 34 1 35

53.0 97.1 2.9 53.0

19 47 66

21.8 71.2 100.0

Chi Square
df
Phi
Significance

6.21
1

.34

.01

58.6 12.5

51,5 1.5

58 8

87.9 12.1

Chi Square
df
Phi
Significance

66
100.0

:4.29

1

.30

.04

275



Table 136

Interview Data Analyses: $toichiometry Problem 1
Proportional Reasoning Ability

Proportional
Reasoning Ability

Algorithmic Reasoning
Strategy

0 1 Total

Low

High

Total

Ls 2

93.5 6.5
61.7 10.5
43.9 3.0

31

47.0

18 17 35

51.4 48.6 53.0

38.3 89.5
27.3 25.8

47 19

71.2 23.8

Chi square
df
Phi
Significance

66
100.0

12.25
1

.0005

Comments About Solution
0 1 2 Total

21 2 31

67.7 6.5 47.0
67.7 100.0 (41.8)

31.8 3.0

8

1'5.8

24.2

12.1

25 10

71.4 28.6
75.8 32.3
37.9 .4 15.2

0

0

0

35
53.0

(26.1)

33 31 2 66

50.0 47.0 3.0 100.0

Mann-Whitney U
Wilcoxon Rank Sum W

Significance

800

1296
3.77

.0002



Table 137

Interview Data Analyses: Stoichiometry Problem 1

Proportional Reasoning Ability

Proprotional Structural Error 1

Reasoning Ability 0 1 2 3 Total

2 8 3 18 31

o.5 25.8 9.7 58.1 47.0

100.0 34.8 23.1 64.3

3.0 12.1 4.5 27.3

C 15 10 10 35

0 42.9 28.6 28.6 53.0

High 0 65.2 76.9 35.7

0 22.7 15.2 15.2

Total 2 23 13 28 66

3.0 34.8 19.7 42.4 100.0

Chi Square 9.98

df
Phi .39

Significance .02

27



Table 138

Interview Data Analyses: Stoichiometry Problem 2

Proportional Reasoning Ability

Algorithmic Reasoning

Ptoportional Systematic Approach 'Nonsystematic Approach Strategy

Reasoning Ability 0 1 Total 0 - Total 0 Total

Low

High

Total

15 16 31 22 9 31 28 3 31

48.4 51.6 47.0 .71.0 29.0 47.0 90.3 9.7 47.0

75.0 34.8 40.0 81.8 60.9 15.0

22.7 24.2 33.3 13.6 42.4 4.5

5 30 35 33 2 35 18 17 3S

14.3 85.7 53.0 94.3 5.7 53.0 51.4 48.6 53.0

25.0 65.2 30.0 18.2 39.1 85.0

7.6 45.5 50.0 3.0 27.3 25.8

20 46 66 SS 11 66 46 20 66

30.3 69.7 100.0 83.3 16.7 100.0 69.7' 30.3 100.0

Chi Square 7.51 Chi Square 4.87 Chi Square 10.01

df 1 df 1 df 1

Phi
.

.37 Phi .31 Phi .42

Significance .006 Significance .03 , Significance .002

27



Proportional
Reasoning Ability

OW

\ Table 139

Interview Data.Analyes: Stoichiometry Problem 2

Proportional Reasoning Ability

Use of Random
Trial and Error Comments About Solution

0 1 Total 0 . 1 2 Total

20 11 31 11 20 .0 31

64.5 35.5 47.0 'S5,.5 64.5, 0 47.0

38.5 78'.6 31:4 69.0 0 (38.6)

30.3 16.7 16.7\ 30.3 0

`32 35 24 9 35

9,1.4 8.6 53.0 68.6 5.i 53.0

61.5 21.4 68.6 31.0 100.0 (28.9)

48.5 4.5 36.4 13.b 3.0

- 52 14 66 35 29 2 66

78.8 21.2 100.0 53.0 43.9 3:0. 100.0

Chi Square
df

5,61
1

Mann- Whitney U, 702

Wilcoxon Rank Sum W 1198

Phi .33 Z '2.34

Significance .02 Significance ;02

2 7 d

0



Table 140

Interview Data Analysef: Stoichiometry Problem 3

r

Proportional Reasoning Ability

.Proportional
-Reasoning Ability

Systemmatic Approach

Algorithmic-Reasoning
Strategy

0 1 Total Total

21 31 31 0 31
10

67.7 32.3 47.0 100.0 0 47.0

Low 61.8 31.3 55.4 0

31.8 15.2 47.0 0

13 22 35 25 10 35

37.1 62.9 53.0 71.4 28.6 53.0

High 3.8.2 68.8 44.6 100.0

19.7 33.3 37.9 15.2

Total .. 34 32 66 56 10 66

51.5 48.5 100.0 84.8 '15.2 100.0

Chi Square 5.00 Chi Square 8.33

df 1 df 1

Phi .30 Phi .40

Significance .03 Significance .004

2.311



Table 141

Interview DataAnalyses: Stoichiometry Problem 3

-Proportional Reasoning Ability

loportional
ming Ability

High

Total

Comments About Solution Structural Error 3

\\ 0 1

sa 26

16.1b 83.9
4.7c 60.5
1.6d 39.4

Total

31

47.0
(39.7)6

-0------- 1 2

22 0 4

71.0 0 12.9

57.9 0 40.0

33.3 0 6.1

3

5

16.1

71.4

7.6

Total

31

47.0

18 17 35 16 1 6 2 35

51.4 48.6 53.0 45.7 31.4 17.1 5.7 53.0

78.3 39.5 (28.0) 42.1 100.0 60.0 28.6

27.3 25.8 24.2 16.7 9.1 3.0

23 43 66 38 11 10 7 66

34.8 65.2 100.0 57.b 16.7 15.2 10.6 100.0

Manfi-Whitey U 734 Chi Square 13.44

Wilcoxon Rank Sum W 1230
p
2.98

df
V

3f

.45

Significance .003 Significance .004

!tount
°Raw percentage
_CColumn percentage

uTotal percentage
tan rank
amer's V

281
V



Table 142

Interview Data Analyses: Stoichiometry -Tctal
Proportional Reasoning Ability

Proportional
Reasoning Ability

Low

,

Systematic proach Algorithmic keasoning Strite

0 1 3 Total 0 1 2

12 4 6 9 31 28 1 2- 0 3

38.7 12.9 19.4 29.0 47.0 90.3 3.2 6.5 '0 47.0

80.0 50.0 50.0 29.0 (26.1) 62.2 33.3 25.0 0 (25.7)

18.2 6.1 9.1 13.6 42.4 1.5 3.0 0

3 4 6 22 35 , 17 2 6 10 35

8.6 11:4 17.1 62.9 53.0 , 48.6 5.7 17.1 28.6 53.0

20.0 50.0 50.0 71.0 (40.0) 37.8 66.7 75.0 100.0 (40.4)

4.5- 6.1 9.1 33.3 25.8 3.0 9.1 15.2

15 8 12 31 66 45 3 10 66

22.7 124. 18-2 47.0 100.0 68.2 4.5 12.1 15.2 100.0

Mann-Whitney ti 314 Mann-Whitney Ii 300

Wilcoxon Rank Sum W 810 Wilcoxon Rank Sum W 796

Z -3.13 Z -3.78

Significance .002 Significance .0002

2



proportional
Reasoning Ability

Table 143

Interview Data Analyses: Stoichiometry -Total
Proportional Reasoning Ability

Use of Random Trial Ind Error Comments About Solution

0 1 2 3 Total 1 2 3 4 Total

17 S 4 5 31 0 9 .5 16 1 31

54.8 16.1 12.9 16.1 47.0 0 29.0 16.1 51.6 3. 2 47.0

39.5 45.5 66.7 83.3 (37.6) 45.0 41.7 76.2 100.0 (43. 3)

25.8 7.6 6.1 7.6 0 13.6 7.6 24.2 1.5

26 6 2 1 35 12 11 7 S 0 35

74.3 17.1 5.7 2.9 53.0 34.3 31.4 20.0 14.3 0 53.0

60.5 54.5 33.3 16.7 (29.8) 100.0 55:0 58.3 23.8 0 (24.R)

39.4 9.1 3.0 1.5 18.2 16.7 10.6 7.6 0

43 11 6 66 12 20 12 21 1 - 66

05.2 16.7 9.1 9.1 100.0 18.2 30. 18.2 31.8 1.5 100.0

A
Mann-Whitney U
Wilcoxon Rank SOm W
Z

Significance

070

1166
1.94
.05

Mann-Whitney U
Wilcoxon Rank Sum W

Z
Significance

845

1341
4.03
.0001

0



Table 144

%0
Interfiew Data Analyses: Stoichiometry Total

Proportional Reasoning Ability

Proportional Problems Correct
Reasoning Ability 0 I 2 . 3 Total

Questions Correct
2 3 4 Total

High

22 9 0 0 31

71.0 29.0 0 0 47.0
55.0 56.3 0 0 (2E.6)

33.3 13.6 0 0

18 7 .6 4 35

51.4 20.0 17.1 11.4 53.0
45.0 43.8 100.0 100.0 (37.8)

27.3 10.6. 9.1 6.1

Total 40 16 6 4 66

00.6 24.2 9.1 6:1 100.0

Mann-Whitney L 391
Wilcoxon Rank Sum W 887
Z -2,22

Significance .03

1

5 12

16.1 38.7
50.0 75.0

7.6 18.2

14

45.2
35.0

21.2

31
47.0

- (29.0)

5 4 26 35 --

14.3 11.4 74.3 53.0
50.0 25.0 65.0 (37.4)

7.6 6.1 39.4

10 1 40 66
15.2 24.2 60.6 . 100.0

Mann-Whitney 0 404
Wilcoxon Rank Sum W 900

Significance .04



Table 115

:

Interview Data Analyses: Nblarity Problem 1

Proportional Reasoning Ability

Proportional,
Reasoning Ability

Algorithmic Redsoning

Strategy

Use of Random
Trial and Error

0 0 1 Total

28 1 29 22 7 29

96.6 3.4 45.3 75.9 24.1 45.3

Low 63.6 5.0 39.3 87.5

43.8 1.6 34.4 10.9

. 16 19 35 34 1 35

45.7 54.3 54.7 97.1\ 2.9 54.7

High 36.4 95.0 60.7 12.5

25.0 29.7 53.1 1.6

Total 44 Z0 64 56 8' 64

68.8 31.3 100.0 87.5 12.5 100.0

Chi Square
df .

16.79
,

1

Chi Square
df

4.77
1

Phi .54 Phi .32

Significance' <.0001 Significance .03

2 S 5



Table 146

Interview Data Analyses: Molarity - Problem 1
Proportional Reasoning Ability

Proportional Structural Error 1

Reasoning Ability 0 1 3 4 b 7 . 8 9 Totals

3 7 , 4 1 1 0 5 8 29'

10.3 '24.1 13.8 3.4 3.4 0 17.2 27.6 457.3

Low 42.9 87.5 100.0 100.0 'so .d 0 62.5 25.8

4.7 10.9 6.3 1.6 1.6 0 7.8 12.5

'4 1 0 0 1 3 3 23 35

11.4 2.9 0 0 2.9 8.6 8.6 65.7 54.7

High 57.1, 12.5 0 0 50.0 100.0 37.5 74.2

6.3 -1.6 0 0 1.6 4.7 4.7 35.9

Total 7 , 8 4 1 2 3 8 31 64

10.9 12.5 6.3 1.6 3.1 4.7 12.5 48.4 100.0

Chi Square 20.01

--4f
1
6.5

/

Significance .006



Table 147

Inteririew Data Analyses: Molarity Problem 1

Proportional Reasoning A141ity

Proportional
Reasoning Abilit

Structural Error
2 6 7 8 9 Total

6 0 5 12 3 29

20.7 0 17.2 41.4 6.9 10.3 3.4 45.3

60.0 0 71.4 85.7 50.0 11.5 100.0

9.4 0 7.8 18.8 3.1 4:7 1.6

'4 2 2 , 2; 2 23 0
--

35

1L.4 5.7 5.7 5.7, 5.7 65.7 '.-O 54.7

High 401.0 100.0 28.6 14/5 50.0 88.5 0

6.3 3.1 3.1 3.1 3.1 35.9 0

i

Total 10 2 7 14 4 26,, 1 64

15.6 3.1 10.9 21.9 . 6.3 40.6 .* 1.6 100.0

Chi Square 26.89

,.//

df 6

V .65 /
Significance .0002 /

2S7'



Table 148

Interview Data Analyses: Oblarity Problem 2

Proportional Reasoning Ability

Fropcirtianal
Reasoning Ability

Algorithmic Reasoning
Strategy

1 Total

27

93.1

2

6.9

29

45.3

Loot 56.3 12.5

42.2 3.1

21 14 35

60.0 40.0 54.7

High 43.8 87.5

32.8 21,9

Total 48 - 16 64

75.0 X25.0 100.0

Square 7.59

df
Phi .38

SignificanCe .006

.2 S.:,



Table 149

Interview Data Analyses: Molarity Problem 3

Proportional Reasoning Ability

Algorithmic Reasoning
Strategy° Comments About Solution

-0-1-"Ft71-a°Proportional
Reasoning Ability

Rereadillg/Stating Problem

0 2 Tbtal 1 Total

14 14 1 29 26 3 29 10 19 29

48.3 48.3 3.4 45.3 89.7 10.3 45.3 34.5 65.5 45.3

Low 58.3 42.4 14.3 (27.9) 54.2 18.8 32.3 57.6 (37.0)

21.9 21.9 1.6 40.6 4 7 15.6 29.7

10 19 6 35 22 13 35 21 14 35

28.6 54.3 17.1 54.7 62.9 37.1 54.7 60.0 40.0 54.7

High '41.7 57.6 85.7 (36.3) 45.8 81.3 67.7 42.4 (28.8)

15.6 29.7 9.4 34.4 20.3 32.8 21.9

Total 24 3S , 7 64 48 16 64. 31 33 64

37.5 51.6 10.9 100.0 75.0 25.0 100.0 48.4 51.6 100.0

Mann-Whitney U 375 Chi Square 4.73 Mann-Whitney U 637

Wiltoxon Rank Sum W 810 df 1 Wilcoxon,Rank Sum W 1072

-1.99 Phi .31 2.02

Significance .05 Significance .03 Significance .04

1'1

230



Table 150

Interview Data Analyses: Mblarity - Problem 3
Proportional Reasoning Ability

Proportional
Reasoning Ability

Structural Error 7 2 Structural Error 3

0 1 Z. 3 4 Total 0, 1 2 3 Total

12 2 4 7 4 29 16 0 7 6 . 29

41.4 ,, 6.9 13.8 24.1 13.8 45.3 55.2 0 24.1 20.7 45.3

LOW 66.7 15.4 v26.7 53.8 80.0 45.7 0 87.5 33.3

18.8 3.1 6.3 10.9 6.3 _25.0 0 10.9 9.4

6 11 11 6 1 ' 35 19. 3 1 12 35

17.1 . 31.4 31.4 17.1 2.9 54.7 54.3 8.6 2.9 34.3 54.7

High . 33.3 84.6 73.3, 46.2 20.0 54.3 100.0 12.5 66.7

9.4 17.2 17.2 9.4 1.6 29.7 4.7 1.6 18.8

p Total 18 13 15 13 5 64 35 3 8 18 64

28.1 20.3 23.4 20.3 7.8 100.0 54.7 4.7 12:5 28.1 100.0

Chi Square 12.93 Chi Square . 9.28

df 4 df 3

V .45 V .38

Significance .01 Significance .03

291

.

292



Table 151

Interview Data Analyses: Molarity - Total

Proportional Reasoning Ability

Proportional NOns/stemmatic

Reasoning Ability 0

Approach
3 Tina].

Algorithmic Strategy Only

f 0 1 2 3 Total

a

Low

High

Total

17 7 3

58.6 24.1 10.3

37.8 58.3' 60.0

26.6 10.9 4.7

28 .5 2

80.0 14.3 5.7

62.2 41.7 40.0

43.8 7.8 3.1

45 12 5

70.3 18.8 7.8

2

.6.9

100.0
3.1

Manff-Whitney
Wilcoxon Rank Sum

Significance

29.

45.3
(36.5)

0 35

0 54.7

0 (29.2)

0

2 64

3.1 100.0

623

W 1058
1.95
.05

6 7 11 S 29

20.7 24.1 37.9 17.2 45.3

33.5 35.0 55.0 83.3 (37.8)

19.4 10.9 17.2 7.8

12 13 9 1 35

34.3 37.1 25.7 2.9 S4.7

66.7 65.0 45.0 16.7 (28.1)

18.8 20.3 14.1 1.6

18 20 20 6 64

28.1 31.3 31.3 9.4 100.0

Mann-Whitney U 662

Wilcoxon Rank Sum W 1097

2 2.18

Significance .03
\'`

0

293



Table 152

Interview Data Analyses: Mblarity - Total

Proportional Reasoning Ability

h-oporticatal Algorithmic Reasoning Strategy

easo1ing Ability 0 , 1 2 3 Total

25

86.2

3

10.3

0

0

1

3.4

Low 67.6 27.3 0 11.1

39.1 4.7 Q 1.6

12 8 7 8

34.3 22.9 20.0 22.9

High 32.4 72.7 100.0 88.9

18.8 12.5 10.9 12.5

Total 37 11 7 9

57,8 17.2 10.9 14.1

Mann-Whitney U 229

Wilcoxon Rank Sum W 664
Z -4.20

Significance .0001

29

45.3
(22.9)

35
54.7

100.5)

64

100.0

Use of Random Trial and Error

* 0 1 2 3 Total

i6 8 3 . 2 29

55.2 27.6 10.3 6.9 45.3

36.4 57.1 75.0 100.0 (37.3)

25.0 12.5 4.7 3.1 ft

6 1 0 35

80.0 17.1 2.9 0 54.7

63.6 42.9 25.0 0 (28.6)

43.8 9.4 1.6. 0

44 14 4 2 64

68.8 21.9 6.3 3.1 100.0

Mann-Whitney U 645

9

Wilcoxon Rank Sum W 1080

Z 2.28

Significance .02
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Table 153

Interview Data Analyses: Molarity Total
Proportional Reasoning Ability

Proportional. Disregards Information Given
Reasoning Ability 0 1 2 Total

, .

4 20 7 2 29

69.0 24.1 6.9 45.3

Low 38.5 70.0 100.0 (36.5)

31..; 10.9 3.1

High

Total

32 3

91.4 8.6
61.5 30.0

50.0 4.7

52 10

0 35

0 54.7

0 (29.,!)

0

2 64

81.3 15.6 3.1 100.0

Mann-Whitney U
Wilcoxon Rank Sum W

Significance

Comments About Solution
0 1 . 2 3

5

17.2

27.8

7.8

13

37.1
72.2

20.3

18

11 10

37.9 34.5

40.7 71.4

17.2 15.6

16 4

45.7 11.4
59.3 28.6'
25.0 6.3

Total'

29

10.3 45.3

60.Q (38.3)
4.7

2 35

5.7 54.7""

40.0 (27.7)

3.1

27 14. 5

28.1 42.2 21.9 7.8

,,

624 Mann-Whitney U 675

1059 Wilcoxon Rank Sum WI110

2.33 . Z 2.40

.02 Significance .02

64

100.0

297 U1



/ Table 154

Interview Data Analyses: Molarity ,
Proportional Reasoning Ability

hwortional
leasoning Ability

,

0

26 .

81.7

Low , 66.7
40.6

13

37.1

High 33.3
20.3

*total 9

60.9

Problems Correct
1 2 3 Total

2 1 0 29

6.9 3.4 0 45.3

13.3 12.5 0 (23.2)

3.1 1.6 0

13 7 2 35

37.1 20.0 5.7 54.7

86.7 87.5 100.Q (40.2)

20.3 10.9 3.1

3 1 8 2 .64

23.4 12.5 3.1 100.0

ore

questions Correct

0 1 2 3 Total

5 17 5 2 251

17.2\ 58.6 17.2 6.9 45.3

83.3 68 j 22.7 18.2 (23.1)

7.8 26.6 7.8 3.1

1 .
8 17 9 .3.5A.

2.9 22.9 a8.6 25.7 54.71"

16.7 32.0 77.3 81.8 (40.3)

1.6 12.5 26.1, 14.1

6 25 22 11 64

9.4 39.1 34.4 17.2 100.0

Aann-Whitney'll 237 Mann- Whitney U 236

Wilcoxon Rank Sum W 672 Wilcoxon Rank Sum W 671

Z -4.18 Z
.

-3.87

Significance <.0001 Significance .0001

,



O Table 155

Interview pata Analyses: Mblarity - Total

1',

,

Proportional Reasoning Ability

Proportional
Reasoning Ability

Correct Without Prompting

- 0 1 2, 3 4 Total

'IOW '

,. I

High

Total.

3

10.3
100.0

4.7

0
!. G.

0

0

3

4.7

6:

20.7

85.7
9.4

1

2.9
14.3
1.6

7

. 10.9

. 13

44.8 ,

52.0

20.3

12

34.3
48.0\
18.8

25

39.1

..

5

17.2

*31.5

7.13-

11

31.4.

68.8
1712

16
0

'

25.0.

2

6.9
25.0

3.1

.6
"17.1
75.0
9.4

8

12.5

0

0

0
0

5

14.3
100.0

7:8

5

7.8

-29 '

45.3

(23.3)

.0

35

54.7 .,-

(40.1)

64

100.6

Maim-Whitney M 246 .

Wilcoxon Rank Sum,W 675 ,

Z '-3.75

. Significance .0A2

r

1

.
f.

293
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all analyses (Tables 136, 13g, 140, 142), and mokrity, all analyses (Tables

145, 148, 149; 152). Students with high proportional reasoning ability used

algorithmic reasoning stratgies Mbre frequently than loWproportional reasoning

students in solving problems.

Random trial and error. Moles, total (Table 127), stoichiometry, problem

2, total (Tables 139, 1I3X, and molarity, probleriiI, total -(Tables 145, 152) ,

Low proportional reasoning students made a greater use of this strategy.

, bisregards what is given in problem. Molarity, total (Table 153). Low

proportional reasoning students more frequently didthis.

-Commentsabdilt solution. MoleS'
P
roblems 1, 3, total (Tables 123, 125,

128),gas laws, problem 1,(Table 131),.stoichiometry, all problems, total

(Tables 136, 139, 141, 143), amdimolarity, problem 3, total (Tables 149, 153).

Low proportional reasoning students made comments about the solution niore,

frequently.

Problems correct. Analyzed only for totals and significant for moles

(Table 128) ,
stoichiometry (Table 144), and molarity (Table 154). High

proportional reasoning students got the problems correct more frequently.

Questions correct. Analyzed only for totals and significant for mDles

(fable129), stoichioMetry (Table 144), and molatity (Table 154)-. High

proportional reasoning students got more questions correct.

Questions without prompting correct. Analyzed only for totals and

significant for moles(Table 130), and molarity (Table 155). High pro-

portional reasoning-students amwred'questions correctly without prompting

more frequently.

Structural errors. Structural errors are analyzed according to each

chemistry unit.

1: Stoichiometry 1 - 1, Table 137. Students with high propor-

ticnal reasoning ability more frequently remembered to balance the equation
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4

in sofving a, simple stoichiometry problem.

2. Stoichiometry 3 3, Table 141. A greater number of high

proportional reasoning students attempted to solve the prudems than

low proportional reasoning students.

3. Molarity 1 1, Table 146. A greater number of high

'proportional reasoning students calculatedandusedmolecular weights correctly

in solving a simple Mblarity problem than low proportional\reasoning students

Mblarity 1 2, Table 147. A greater number of high

proportional reasoning student*OSed the definition of molarity and made

mL to L changes correctly than low proportional reasoning ability students.

5. Mblarity 3 2, Table 150. A greater proportion Of high

propOrtional reasoning students realize,that an equation must be used and

use the balanced equation correctly when solving stoichiometry molarity

problems than low proportional reasoning sti_ents.

b.. Mblarity .3 3, Fable '150. More high proprotional reasoning

students used the definition of molarity correctly in solving a complex

molarity' problem titan lor proportional reasoning students. . .

Hypothesis 3

There are no significant differences iii chemistry problem solving

strategies used by students considered successful problem solvers versus

unsuccessful ones.

Three different methods were used to judge whether students were con-

M.dereSsuccessful or unsuccessful. Method one was based on dividing the

group of students interviewed for each part approximately in half according

to their scores on the delayed posttest. Method two divided each group into

approximately threeequal parts based on this same test; Method three divided

, the group into two parts based onstudents'combined delayed and immediate post---

test scores. Because all three methods produced similar results, only method

two is pre ented here. Table 156 11,ts the characteristics pf the groups,

301
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Table 157 gives a 'summary of the findings and Tables 158-192 present more

detail for analyses that produced significant findings.

Reading/organizing. Moles, problem 1, total (Tables 158, 164). Re-

sults are not definitive. Students-of middle and high success tended to

read and organize more. No significant differences in three other units.

Mnemonics. Moles, problem'l, 2, total (Tables 158, 160,165) and

stoichiometry, problem 1 (Table 167). Successful students used mneumonic

notation more frequently.

SysteMmatic production, Mbles, all problems (Tables 158, 160, 162,

165), gas laws, total (Table 174), and stoichiometry, problem 1, 2, total

(Tables 176, 179,:183). Successful students used systematic approaches.

Arithmetic approach. 'Moles, total (Table 166), stoichiometry, problems

1, 2, total (Tables 176, 179,183), and larit problem 3 (Table 189).

Successful students used an c approach.

Nonsystematic approa Moles, problems 1, 3, total. (Tables 159, 162,

166 stoicitiometry, problems 1, 2, tuta' (Tables 177, 179, 184), and

molarity, problem 3, total (Tables 189, . In general, unsuccessful

students were nonsystematic in their approach to problem solving.

No answer gen. Moles, problems 2, 3, total gables 160, 162, 167),

and stoichiometry, problem 1 (Table 177). This was more prevalent among

unsuccessful students.

Algorithmic/reasoning strategy. Moles, all problems (Tables 159, 161,

163, 167), gas laws, all problems (Tables 171, 172, 173, 174), stoichiometry,

all problems (Tables 178, 181, 182, 184), and molarity, problem 3 (Table 189).

t 1 $ U 11 1,1 -lit 1,-, Jul 1 tt 101 --

Random trial and error. Moles, problem 3, total, (Tables 163,168), and

molarity, problem 2, total (Tables 188, 191). This strategy was usedmare by

aUZ
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Table 156

D4t,ribution of Students According

to Scores on Delayed Posttest

Unit

Low Middle High

Range X N Range X N Range X g

Moles 1-5 3.8 20 6-8 7.4 22 9-10 9.6 32

Gas Laws 1-5 3.8 19 6-8- 7.0 25 9-10 9.8 20

Stoichiometry 1-5 3.1 21 6-8 7.2 24 9-10 9.4 21

Mularity 2-5 3.9 15 6-7 6.7 24 8-10 8.8 16

313



Table 157

Sumimiiry of Significant Findings: {Ugh, Maddle or Low Suct.e'Ss on lest,

Protocol Olt ones Pla

Moles
P2b -P3C T(

Gas Laws Stolchiometry

P3. TP1 P2 P3 P1

Molarity

P1 P2 P3

Reading/Organizing 11.04e
.004 f

7.17

.03

Rereads or Statin

Mneumonics 9.83 6.19 10.47 4.85

.007 .05 . .005 .05

Production

Systematic 11.21 12.15 10.5/ 17.25 7.57 12.78 9.83 9.44

.004 .002 .005 .0002 .02 .002 .007 .009

Approach Taught

Arithmetic 7.12 7.62 6.46 6.95 6.92

- .03
.

.

.02 .04 .03 .03

%onsystemmatic 6.20 9.44 12.EO 6.64 6.99 6.30 6.08 6.61

.05 .009 .002 04 .03 .04 .05 .04

No Answer 11.42 6.20 7.82 6.77

.003 .05 .02 .03

Strategy

Algorithmic

.

Alg/Reasoning 9.06 15:04 16.84 16.09 8.17 9.58 18.66 15.37 16.49 19.30 12.61 21.55 11.28

.01 0005 .0002 .0003 .02 .008 .0001 .0005 .0003 .0001 .002 <.0001 .004 ..

Random T El E 9.44 12.10 6.11 6.44

.009 .002 .05 .04

Structural Error
_00

Misinterprets

Disregards given

Disregards gen

Misapplies

Not generate
,.



Table 157 (continued)

Summary of Significant Findings: nigh, Middle or Low Success on Tests

Protocol Categories P1

Holes

P2 P3 T P1

Gas Laws

P2 P3 T P1

Stoichiometry

P2 P3 T P1

Molarity

P2 P3

*Evaluation

*Comments about Solutior 11.43 -8.10 10.31 16.32 15.49 8.35 14.13

.003 .02 .006 .0003 .004 .02 .0009

*Executive Errors 6.10 . 11.42 10.78

.05 .003 .005

Problems Correct Xi X -X 15.44 X X X 8.14 X X X 12.43 X X X 6.46

.0004 .02 .002 .04

*Questions Correct X X X 20.68 X X X X X X 9.11 X X X

< .0001 .01

*Question w/o Prompting X X X 4.11
<.0001

X X X X X X 6.19

.05

X X X

Structural Errors
._

Sectionkll - 1 X X X X X X X \ X X X X X X

Section 1- 2 X X X X X X X 100S8.45

.....
X X X X X X

Section 2- 1 X X X X X X X X X X X X X

Section 2 - 2 X X X X X X X 105 2.68 X
.

X X X X

Section 3 - 1 X X X X X X X X X X X X X

Section 3- 2 X X X X X X 28.53 X X X X X X 22.00 X

.01 .005

Section 3- 3 X X X X X X X X X 2,Q.S4
.04

X X X 18.07
.006

X

*Category sum

aProblem 1

brr-oblem 2

cProblem 3

dSUm of Problems 1, 2 4 3

3 01,

eStatistic

(Probability level

SSum of rereads and restates subcategories

hSection on supplementary coding sheet

not meaningful 307
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Table 158

Interview Data Analyses; Moles - Problem 1

High,Middle°or Low Success on Tests

Use of

access on Reading/Organizing Skills Mneumonics Notation Systcmmatic Approach

nts -0 i , -2 3 Total 0, I Total 0 1 fatal

13a 5 2 0 20 17 3 20 8 12 20

65.;:b 25.0 10.0 0 27.0 85.0 15.0 27.0 40.0 60.0 27.0

Low 44.8S 16.1 16 7 0 (27.6)e 39.5 9.7 (27.5) 57.1 20.0

17.6" 6.8 2.7 0 23.0 4.1 10.8- 1A.2

4 10 6 2 22 13 9 22 5 17 22

18.2 .45.5 27.3 9.1 29.7 59.1 40.9 29.7 22.7 77.3 29.7

Middle 13.S 32.3 50.0 100.0 (48.0) 30.2 29.0 (37.1) 35.7. 28.3

5.4 13.5 8.1 2.7 17.6 12.2 6.8 23.0

12 16 4 0 32 13 19 32 1 31 32.

---__ 37.3 50.0 12.5 0 43.2 40.6 59.4 43.2 3.1 96.9 43.2

High 41.4 51.6 33.3 0 (36.4) 30.2 61.3 (44.0) 7.1 51.7

1-6-.2 21.6 5.4 0 17.6 25.7 1.4 41.9

Total 29 31 12 2 74 43 -31 74 14 60 74

39.: 41.9 16.2 2.7 100.0 58.1 41:9 100.0 18.9 81.1 100.0

KW Chi Square 11.04 KW Chi Square, 9.b3 (Ii Square 11.21

df 6 df_ 2 df

significance .004 Significance .007 V .3f
Significance .004

aCount
Now percentage
CColuan percentage
dTotal percentage

;Mean rank
Cramer's V

9',d



Table 159

Interview Data Analyses: Mbles Problem 1

High, Middle or Low Success on Tests

Success on Nonsystematic

Tests 0 1

Low

15 5

75.0 25.0
22.7 62.5
20.3 6.8

20 2

90.9 9.1

Middle 30.3 25.0

27.0 2.7

High

Total

31' 1

96.9 3.1

47.0 12.5
41.9 1.4

Approach
Total

20

27.0

Algorithmic Reasoning

Strategy
0 1 Tc CT

Comments About Solution

0 1 2 3 Total

17
85.0
29.3
23.0

3 20 10 7 3 0 20

15.0 27.0 50.0 35.0 15.0 0 27.0

18.8 18.9 41.2 , 100.0 0 (46.0)

4.1 13.5 9.5 4.1 0

22 21 1 22 14 7 0 1 22

29.7 95.5 4.5 29.7 63.6 31.8 0 4.5 29.7

36.2 6.3 26.4 41.2 0 100.0 (40.3:

28.4 1.4 18.9 9.5 0 1.4

32 20 12 32 29 3 0 _0 32

43.2 62.5 37.5 43.2 90.6 9.4 0 0 43.2

34.5 75.0 54.7 17.6 0 0 (30.3:

27.0 16.2 39.2 4.1 0 0

66 8 74

89.2 10.8 100.0

Chi Square
df
V
Significance

6.20
2

.29,

.05

58 16

78.4 21.6

Chi Square
df

V
Significance

74 53 17 3 1 74

100.0 71.6 23.0 4.1 4.1 100.0

9.06
2

.35

.01

KW Chi Square 11.43

df 6

Significance .003

30



Table 160

Interview Data Analyses: Moles Problem 2

High, Middle or Low Success on Tests

Supcess on
Tests

Use of
Mncumonic Notation Systematic Approach No Answer Given

0 1 Totaf 1 Total 0 1 Total

14 6 20 9 11 20 16 4 20

70.0 30.0 27.0 45.0 55.0 27.0 80.0 20.0 27.0

Low 38.9 15.8 (29.6) 64.3 18.3 22.9 100.0

18.5 8.1 12.2 14.9 21.6 5.4

11 11 22 2 20 22 22 0 22

50.0 50.0 29.7 9.1 90.9 29.7 100.0 0 29.7

Middle 30.6 28.9 (37.0) 14.3 33.-3 31.4 0

14.9 14.9 2.7 27.0 29.7 0

11 21 32 3 29 32 32 0 32

34.4 65.6 43.2 9.4 90.6 43.2 100.0 0 43.2 or

High 30.6 55.3 (42.8) 21.4 48.3 45.7 0

14.9 28.4 4.1 39.2 43.2 0

Total 36 38 74 14 60 74 70 4 74

48.6 51.4 100.0 18.9 81.1 100.0 94.6 5.4 100.0

KW Chi Square 6.19 Chi Square 12.15 Chi Square 1,1.42

df 2 df 2 df 2

Significance .05 V V .39

Significance .002- Significance .003



Table 161

Interview Data Analyses: Moles - Problem 2

High, Middle or Low Success on Tests

-N Algorithmic twasonnitt

Success on `N___ Strategy

Tests -0 Total

Comments About Solution

1 2 Total

19 1 20 9 10 1 20

95.0 5.0 27.0 45.0 50.0 5.0 27.0

Low 38.8 4.0 18.0 50.0 25.0 (45.3)

25.7 1.4 12.2 13.5 1.4

16 6 22 14 6 2 22

72.7 2T.3 29.7 63.6 27.3 9.1 29.7

Middle 32.7 24.0 28.0 30.0 50.0 (39.3)

21.6 8.1 .18.9 8.1 2.7

14 18 32 27 4 1 32

43.8 56.3 43.2 84.4, 12.5 3.1 43.2

High 28.6 72.0 54.0 20.0 25.0 (31.3)

18.9 24.3 36-.5 5.4 1.4

Total 49 25 74 50 20 4
.

74

66.2 33.8 100.0 67.6 27.0 5.4 100.0

Chi Square 15.04 KW Chi Square 8.10

df 2 df 4

V .45 Significance .02

Significance .0005

311
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Table 162

Interview Data Analyses: Moles - Problem 3
High*, Middle or Low Success on Tests

Success on Systemmatic'Approach

_Tests 0. 1 Total

Nonsystemmatic Approach
0 1 Total

No Answer Given'
I Total

Low

14 6 20

70.0 30.0 27.0

46.7 13.6
18.9 8.1

8

36.4

Middle 26.7
10.8

8

25.0

High 26.7

10.8

Total
40.5

14 22

63.6 29.7

31.8
18.9

24 32

75.0 43.2
54.5

32.4

44 74

100.059.5

Chi Square
df
V
Significance

10.57
2

.38

.005

'11

55.0
19.0
14.9

18
81.8
31.0
24.3

29

90.6
50.0

39.2

9 20

45.0 27.0

56.3
12.2

4 22

18.2 29.7

25.0

5.4

3

9.4
18.8
4.1

32

43.2

15
75.0

22.7

20.3

20

90.9
30.3
27.0

31

96.9
47.0
41.9

5 20

25.0 27.0

62.5
6.8

2 22°

9.1 29.7

25.0
2.7

32

3.1 43.2

12.5.
1.4

58 16 74 . 66 8 ,74

78.4 21.6 100.0 89.2 10.8 100.0

Chi Square
df
V
Significance

9.44

2

.36

.009

Chi Square
df

V
Significance

6.20
2

.29

.05



Sicceis on:

Tests

Algorithmic Reasoning
Strategy

0 1 Total

e
Low

- Middle

High

Total

tir

Table 163
= .

Interview Data Analyses: .Moles Problem 3

High-, Middle or Low Success on Tests

Use of
Random Trial and Error

0 1 Total

20 0 20

100.0 0 27.0

37.0 , 0

27.0 0

18 4

81.8 18.2

3Z.3 20.0

24.3 5.4

16 16

50.0 50.0*

29.6 80.0

21.6 21.6

54 20

73.0 27.0

11 9 , 20

55.0 45.0 27.0

19.0 .56.3

14.9 12.2

22 18 4

29.7 81.8 18.2

31.0 25.0

24.3 5.4

'32 29 3

43.2 90.6 9.4

50.0 18.8'

39.2 4.1

74 58 16

78.4 21.6

Chi Square
df
V

Significance

100.0

Chi Square 16.84

df 2

V .48

Significance .0002

Comments,About Solution

0 ,I 2

6 13 1

30.'O 65.0 5.0

14.0 44.8 50.0

8.1 17.6. 1.4

22 lj 8 1

29.7 59.1 36.4 4.5

30.2 27.6 50.0

17.6 10.8 1.4

32 24 8 0

43.2- 75.0 25.0 0

55.8 27.6 0

32.4 10:8 0

74 43 29 2

100.0 58.1 39.2 2.7

9.44
2

.3b

.009

KW Chi Square
df
Significance

TotAl

20.

- 27.0

448-0)

22

29.7
'(37.4)

32
43.2
(314)

74

100.0

10.31
4'

.006-'

3 1.)



Table 164

Interview-Data Analyses: Moles Total

High,,Middle or Low Success on Tests

Success on
Tests 0

ReadiniTOrganizil ONr1-11..111D
5 7 Total,

Low

Middle

High'

Total

5 5 4 1 4

25.0. 25.0 20%0 5.0 20.0

50.0 62.5 23.5 5.9 33.3

6.8 6.8 5.4 1.4 5.4

0 2 6 4 6

0 9.1 27.3 18.2 27.3

0 25.0 35.3 23.5 50.0

0 2.7 8.1 5.4 8.1

5 1 7 12 2

15,6 3.1 21.9 37.5 6.3

50.0 12.5 41.2 70.0 16.7

6.8 1.4 9.5 16.2 2.7

.

10 8 17 17 12

13.5 10.8 23.0 '25.0 16.2

1 0 20

5.0 0 27.0

12.5 0 (27.7)

1.4 0

4 0 22

18.2 0 29.7

50.0 0 (45.1)

5.4 0

3' 2 32

9.4 6.3 43.2

37.5 100.0 (38.4)

4.1 2.7

8' 2 74

10.8 2.7 ' -100.0

KW Chi Square . 7.17

df 12"

Significance .03

3 1 4



Success on
Tests 0

Lowr.
12

60.0
48.0
16.2

7

31.8

Middle 28.0
9.5

6

418.8
High 24.

8.1

otal 25

, 33.8

Tabs 165

InWrview Data Analyses: Mbles Total

High, Middle ox' Low Success on Tests

Use of Mheumonic Notation Systemmatic Approach

1 .2- 3 Total 0 1 -2 3 Total

4 2 2 20 5 5 6 4 20

20.0 10.0 10.0 27.0 25.0 25.0 30.0 20.0 27.0

26.7 14.3 10.0 (25.6) 71.4 b2.5 28.6 10.5 (22.8)

5.4 2.7 2.7 6.8 6.8 8.1 5.4

5 4 6 22 1 2 8 11 22

22.7 18.2 27.3 29.7 4.5 9.1 36.4 50 0 29.7

33.3 28.6 30.0 (37,9) 14.3 25.0 38.1 28.9 (38.4)

6.8 5.4'. 8.1 1.4 2.7 10.8 14.9

f
- 8 = 126 32 1 1 7 23 32

18.8 25.0 37.5 43.2 3.1 3.1 21.9 71.9 43.2

40:0 57.1 60.0 (44.7) 4.14.3 12.5 33.3 b0.5 (46.1)

8.1 '10.8 16.2 1.4 1.4 9.5 31.1

T 15 14 20 74 7 8 21 s' 38 74

20.3 18.9 27.0 1u,.0 4 9.5 10%8 28.4 51.4 100.0

KW Chi Square 10.47 9" KW Chi Square 17.25

df 6 df 6

Significance .005 Significance .0002



Table 166

Interview Data Analyses: Moles Total

High, Middle or Low Success on Tests

Success on Arithmetic Approach Nonsystematic Approach

Tests 0 1 2 3 'Total 0 1 2 Total

Low

7 6 5 2 20 8 7 3 2 20

35.0 30.0 25.0 10.0 27.0 40.0 35.0 15.0 10.0 27.0

30.4 60.0 27.8 8.7 (29.7) 15.4 53.8 50.0 66.7 (48.8)

9.5 8.1 6.8 2.7 10.8 9.5 4.1 2.7

9 2 5 6 22 16 4 2 0 22°

40.9 9.1 22.7 27.3 29.7 72.7 18.2 9.1 0 29.7

Middle 39.1 20.0 2,.8 26.1 (34.3) 30.8 30.8 33.3 0 (36.2)

12.2 2.7 6.8 8.1 21.6 5.4 2.7 0

- 7 2 , 8 15 32 28 2 1 1 32

21,9 6.3 25.0 46.9 43.2 87.5 6.3 3.1 3.1 43.2

High 30.4 N.0 44.4 65.2 (44.6) 53.8 15.4 16.7 33.3 (31.3)

9.5 2.7 10.8 20.3 37.8 2.7 1.4 1.4

Total 23 10 18 23 74 52 13 6 3 74

31.1 13.5 24.3 31.1 100.0 70.3 17.6 8.1 4.1 100.0

KW Chi Square 7.12 KW Chi Square 12.80

df 6 df 6

Significance .03 Significance .002

3 1-6



Table 167

Interview Data Analyses: Mbles Total

High, Middle or Low Success on Tests

-Success on No Answer Given
Algorithmic Reasoning Strategy

Tests 6 r 3 Total 0 1 2 3 Total

Low

14 2 2 2 20 17 2 1 0 20

70.0 10.0 10.0 10.0 27.0 85.0 10.0 5.0 0 27.0

21 28.6 100.0 100.0 (43.6) 37.8 25.0 10.0 0 (27.4)

18.9 2.7 2.7 2.7 23.0 2.7 1.4 .0

18 4 0 0 2' 16 2 3 1 22

81.8 18.2 0 0 29.7 72.7 9.1 13.6 4.5 29.7

Middle 28.6 57.1 0 0 (38.4) 35.6 25.0 30.0 9.1 (32.3)

24.3 5.4 0 0 21.6 2.7 4.1 1.4

31 . 1 0 0 32 12 4 6 10 32

96.9 3.1 0 0 43.2 37.5 12.5 18.8 31.3 4,3.2

High 49.2 14.3 0 0 (33.1) 26.7 50.0 60.0 90.9 (47.3)

41.9 1.4 0 0 16.2 5.4 8.1 13.5

Total 63 7 2 2 74 45 8 10 11 74

85.1 9.5 2.7 2.7 100.0 60.8 10.8 13.5 14.9 100.0

KW Chi Square 7.82 KW Chi Square 16.09

df 6 df 6

Significance .02 Significance .0003

317



Table 168

Interview Data Analy.es: Moles Total

High, Middle or Low Success on Tests

Success on Use of Random Trial and Error Comments About Solution

Tests 0 1 2 3 Total 0 1 2 3 4 5 Total

Low

Middle

8 7 3 2 20 4 3 4 7 2 0 20

40.0 35.0 15.0 10.0 27.0 20.0 15.0 20.0 35.0 10.0 0 27.0

15.7 50.0 00.0 50.0 (48.3) 12.9 15.8 50.0 53.8 100.0 0 (50.3)

10.8 9.5 4.1 2.7 5.4 4.1 5.4 9.5 2.7 0

15 5 2 0 22 7 7 3 4 0 1 22

68.2 22.7 9.1 0 29.7 31.8 31.8 13.6 18.2 0 4.5 29.7

29.4 35.7 40.0 0 (37.2) 22.6 36.8 37.5 30.8 0 100.0 (40.8)

20.3 6.8 2.7 0 9.5 9.5 4.1 5.4 0 1.4

28 2 0 2 32 20 9 1 2 0 0 32

87.5 0.3 0 0.3 43.2 62.5 28.1 3.1 6.3 0 0 43.2

High 54.9 14.3 0 50.0 (30.9) 64.5 47.4 12.5 15.4 0 0 (27.3)

37.8 2.7 0 2.7 27.0 12.2 1.4 2.7 0 0

Total 51 14 5 4 74 31 19 8 13 2 1 74

68.9 18.9 6.8 5.4 100.0 41.9 25.7 10.8 17.6 2.7 1.4 100.0

kl,Chi Square 12.10 KW Chi Square 16.32

df 0 df 10

Significance .002 Significance .0003

31.-)



Table 169

Interview Data Analyses: Moles Total
High, Middle or Low Success on Tests

Success on Problems Correct questions Correct

Tests 0 1 2 3 Total 2 3 4 5 6 Total

LOW

12 5 3 0 20 2 6 6 4 2 20

60.0 25.0 15.0 0 27.0 10.0 30.0 30.0 20.0 10.0 27.0

44.4 31.3 13.0 0 (25.5) 50.0 85.7 50.0 23.5 5.9 120.0)

16.2 6.8 4.1 0 2.7 8.1 8.1 5.4 2.7

9 6 6 1 22 0 0 4 7 11 22

40.9 27.3 27.3 4.5 29.7 0 0 18.2 31.8 50.0 29.7

Middle 33.3 37.5 26.1 12.5 (33.6) 0 0 33.3 41.2 32.4 (42.1)

12.2 8.1 8.1 1.4 0 0 5.4 9.5 14.9

6 5 14 7 32 2- 1 2 6 21 32

18.8 15.6 43.8 21.9 43.2 6.3 3.1 6.3 18.8 65.6 43.2

High 22.2 31.3 60.9 87.5 (47.7) 50.0 14.3 16.7 35.3 61.8 (45.2)

8.1 6.8 18.9 9.5 2.7 1.4 2.7 8.1 28.4

Total 27 16 23 - 8 74 4 7 12 17 34 74

36.5 21.6 31.1 10.8 100.0 5.4 9.5 16.2 23.0 45.9 100.0

KW Chi Square 15.44 KW Chi Square 20.68

df 6 df 8

Significance .0004 Significance <.0001

340



Table 170

Interview Data Analyses: Moles Total

High, Middle or Low Success on Tests

Success on
Tests

Questions Correct Without rt Prcing
0 1 3 6 -Total

Middle

High

Total

1 2 10 3 3 1 0 20

5.0 10.0 50.0 15.0 15.0 5.0 0 27.0

33.3 50.0 62.5 23.1 21.4 5.6 0 (22.4)

1.4 2.7 13.5 4.1 4.1 1.4 0

1 0 5 8 4 4 0 22

4.5 0 22.7 36.4 18.2 18.2 0 29.7

33.3 0 31.3 61.5 29.6 22.2 0 (33.3)

1.4 0 - 6.8 10.8 5.4 5.4 0

1 2 1 2 7 13 6 32

3.1 6.3 3.1 6.3 21.9 40.6 18.8 43.2

33.3 50.0 6.3 15.4 50.0 72.2 100.0 (49.9)

1.4 2.7 1.4 2.7 9.5 17.6 8.1

3 4 16 13 14 , 18 6 74

4.1 5:4 21.6 17.6 18.9 24.3 8.1 100.0

KW Chi Square 22.11

df 12

Significance < .0001



Table 171

Interview Data Analyses: Gas Laws Problem 1

Nigh, Middle or Low Success on Tests

Success on
Tests

Algorithmic Reasoning Strategy
1 Tctal

Low

15 4

78.9 21.1

30.5 15.4

23.4 6.3

16 9

64.0 36.0

Middle 42.1 34.6

25.0 14.1

7 13

35.0 65.0

High 18.4 50.0

10.9 20.0

Total 38 20

59.4 40.6

Chi Square 8.17

df

V .36

Significance .02

19

29.7

25
39.1

20

31.3

64

100.0



Table 172

Interview Data Analyses: Gas Laws Problem 2

High, Middle or Low Success on Tests

Success on Algorithmic Reasoning Strategy Executive Errors

Tests 0 1 Total 0 1 2 Total

11 8 19 14 4 1 19

57.9 42.1 29.7 73.7 21.1 5.3 29.7

Low 30.6 28.6 27.5 33.3 100.0 (33.1)

,17.2 12.5 21.9 6.3 1.6
.

19 6 25
.

21 4 0 25

76.0 24.0 39.1 84.0 16.0 0 39.1

Middle 52.8 21.4 41.2 33.3 0 (37.1)

29.7 9.4 32.8 6.3 0

6 14 21 16 4 0 20

30.0 70.0 31.3 80.0 20.0 0 31.3

High 16.7 50.0 31.4 33.3 0 (26.2)

9.4 21.9 25.0 6.3 0

Total 36 28 64 51 12 1 64

56.3 43.8 100.0 79.7 18.8 1.6 100.0

Chi Square 9.58 KW Chi Square 6.10

df 2 df 4

V .39 Significance .05

Significance .008



Table 173

Interview Data Analyses: Gas Laws Problem 3

High, Middle or Low Success on Tests

Success on
Tests

Algorithmic Reasoning Strategy

0 1 Total

Structural Error 2

0 1 3 4 7 8 9 Total

Low

Middle

High

Total

18 1 19 9 0 1 0 4 1 1 3 19

94.7 5.3 29.7 47.4 0 5.3 0 21.1 5.3 5.3 15.8 27.7

34.6 8.3 34.6 0 11.1 0 30.8 16.7 33.3 60.0

28.1 1.6 14.1 ') 1.6 0 6.3 1.6 1.6 4.7

24

96.0
46.2
37.5

1 25 13 1 0 1 5 1 2 2 25

4.0 39.! 52.0 4.0 0 4.0 20.0 4.0 8.0 8.0 39.1

8.3 50.0 --i, 100.0 0 100.0 38.5 16.7 66.7 40.0

1.6 20.3 1.6 0 1.6 7.8 1.6 3.1 3.1

10 10 20 4 0 1, 0 4 4 0 0 20

50.0 50.0 31.3 20.0 0 40.0 0 20.0 20.0 0 0 31.3

19.2 83.3 15.4 . 0 88.9 0 30.3 66.7 0 0

15.6 15.6 6.3 0 12.5 0 6.3 6.3 0 0

52 12 64 26 1 9 1 13 6 3 5 64

81.3 18.8 100.0 40.6 1.6 14.1 1.6 20.3 9.4 4.7 7.8 100.0

Chi Square 18.66
2

V .54

Significance .0001

Chi Square 28.53

df 14

V .47

Significance .01

324 3



Table 174

Interview Data Analyses: Gas Laws Total

High, Middle or Low Sakcess on Tests

Success on Tystemmatic Approach Algorithmic Reasoning Strategy

Tests 2 3 Total 0 1 2 3 Total

Low

Middle

High

Total

3 2 9 5 19 11 3 5 0 19

15.8 10.5 47.4 26.3 29.7 57.9 15.8 26.3 0 29.7

75.0 50.0 26.5 22.7 (27.2) 36.7 30.0 31.3 0 (27.3)\

4.7 3.1 14.1 7.8 17.2 4.7 7.8 0

1 2 16 6 25 16 3 5 1 25

4.0 8.0 64.0 24.0 39.1 64.0 12.0 20.0 4.0 39.1

25.0 5Q.0 47.1 27.3 (29.8) 53.3 30.0- 31.3 12.5 (26.3)

1.6 3.1 25.0 9.4 25.0 4.7 7.8 1.6

0 0 9 11 20 3 4 6 7 20

0 0 45.0 55.0 31.3 15.0 20.0 30.0 35s 31.3

0 0 26.5 50.0 (40.9) 10.0 40.0 37.5 87.5 (45.1)

0 0 14.1 17.2 4.7 6.3 9.4 10.9

4 4 34
-,,.. 64 30 10 16 8 64

6.3 6.3 53.1 34.4 100.0 46.9 15.6 25.0 12.5 100.0

KW Chi Square 7.57 KW Chi Square 15.37

df 6 df 6

Significance .02 Significance .0005

32 327
N



Table 175

tterview Data Analyses: Gas Laws Total

High, Middle or Low Success on Tests

iuccess .

rests

Problems Correct

,b , 1 2 3 Total

15 2 2 0 19

78.9 10.5 10.5 0 29.7

low 46.9 11.1. 16.7 0 (27.9)

23.4 3.1 3.1 0 t

9, 12 1 0 25

36.0 48.0 16.0 0 39.1

Middle 28.1 66.7 33.3 0 (32.2)

14.1 18.8 6.3 0

8 4 6 2 20

40.0 20.0 30.0 10.0 31.3

High 25.0 22.2 504 100.0 (37.3)

12.5 1 6.3, 9.4
.

. 3.1

Total 32 18 12 2 64

50.0 28.1 18.8 3.1 100.0

KW Chi Square 8.14

df 6

Significance .02

I

39"



Table 176

Interview Data Analyses: Staichiometry Problem 1

0
High, Middle or Low Success on Tests

Use of
Success on .Mheumonic Notation Systemmatic ApproaCh Arithmetic Approach

Tests 0, 1 Total a 1 Total 0 1 Total

9 12 21 8 13

42.9 57.1 31.8 38.1 61.9

34.6 30.0 (32.4) 42.1 27.7

13.6 18.2 12.1 19.7

13 11 24 11 13

54.2 45.8 36.4 45.8 54.2

Middle 50.0 27.5 (28.6) 57.9 27.7
19.7 16.7 16.7 19.7

21 15 6 21

31.8 71.4 28.6 31.8

36.6 2.4.0

22.7 9.1

24 18 6 24
36.4 75.0 25.0 36.4

43.9 24.0

27.3 9.1'

4 17 21 - 0 21 21 Q 13 21

19.0 81.0 31.8 0 100.0 31.8 J6.1 61.9 31.8-

High 15.4 42.5 (40.2) 0 44.7 19.5 52.0

6.1 25.8 0 31.8 12.1 19.7

Total 26 40 66 19 47 66 41 25 66

39.4 60.6 ,100.0 28.8 71.2 100.0 62.1 37.9 1 0.0

KW Chi Sexare 5.85 Chi Square 12.78 Chi Square 7.62

df 2 df 2 df 2

Significance .05 V .44 V .34

Significance .002 Significance .02



Table 177

Interview Data Analyses: Stoichiometry Problem 1

High, Middle or Low Success on Tests

Success opwe' Nonsystemmatic Approach
Tests 0 1 Total

Low

Middle

High

Tc tal

15 6 21

71.4 28.6 31.8

27.3 54.5
22.7 9.1

19 5 24

79.2 20.8 36.4

34.5 45.5

28.8 7.6

21 0 21

100.0 0 31.8

38.2 0

31.A 0

55 11 66

83.3 16.7. 100.0

No Answer Given Comments About Solution
2, ibtal0 1 Total 0 1

19 21 7 14 0 21

90.5 9.5 31.8 33.3 66.7 0 31.8

32.8 25.0 21.2 45.2 0 (38.3)

28.8 3.0 10.6 21.2 0

18 6 24 8 14 2 24

75.0 25.0 36.4 33.3 58.3 8.3 36.4

31.0 75.0 24.2 45.2, 100.0 (39.7)

27.3 9.1 12.1 21.2 3.0

21 0 21 18 3 0 21

100.0 0 31.8 85.7 14.3 0 31.8

36.2 54.5 9,7 0 (21.6)

31.8 0 27.3 4.5 0

58 8 66 33 31 2 66

87.9 12.1 100.0- 50.0 47.0 3.0 100.0

Chi Square 6.64 Chi Square 6.77 KW Chi Square 15.49

df df 2 df 4

V .32 V .32 Significance .0004

Significance .04 Significance .03

33o 331



Algorithmic Reasoning

Success on Strategy

Tests 0 1 Total

Table 178

Interview Data Analyses: Stoichiometry Problem 1

High, Middle or Low Success on Tests

.1

Structural. Error 2

I 2 Total

18 3 21 1 11 0 9 21

85.7 14.3 31.8 4.8 52.4 0 42.9 31.8

Low 38.3 15.8 11.1 34.4 0 42.9

27.3 4.5 1.5 16 0 13.6 .

21 3. 24 8 7 3 6 24

87.5 12.5 36.4 33.3 29.2 42.5 25.0 36.4

Middle 44.7 15.8 8&.9 21. 75'.0 28.6

31.8 4.5 12.1 10.6 4.5 9.1

High

8 13 21 0 14 1 6 21

38.1 61.9 31.8 0 66.7 4.8 28.6 31.8

17.0 68.4 0 43.8 25.0 28.6

12.1 19.7 '.) 21.2 1.5 9.1

Total 47 19 66 9 32 4 21 6b

71.2 28.8 100.0 13.6 48.E 6.1 31.8 100.0,
(

Chi Square 16.49 Chi Square 18.45

df 2 df 6

V .50 V .37

Significance .0003 Significance .005



Table 179

Interview Data Analyses: Stoichiometry Problem 2

High, Middle or Low Success on Tests

Success on Systematic Approach
Tests 0 1 Total

Arithmetic Approach
0 1 Total

Nonsystematic Approach
0 1 Total

8 13 21 17 4 21 17 4

38.1 61.9 31.8 81.0 19.0 31.8 81.0 19.0

40.0 28.3 35.4 22.2 3ö.9 36.4,

12.1 19.7 25.8 6.1 25.8 . 6.1

11 13 24 20 4 24 17 7

45.8 54.2 36.4 83.3 16.7 36.4 70.8 29.2

Middle 55.0 28.3 41.7 22.2 30.9 63.6

16.7 19.7 30.3 6.1 25.8 10.6

High

Total

1 20 21

4.8 95.2 i 31.8

5.0 43.5

1.5 30.3

20 46 66

30.3 69.7 100.0

Chi Square 9.83

df 2

V .38

Significance .007

11

52.4

22.9
16.7

10 21

47.6 W 31.8
55.6
15.2

48 18 '66

72.7 27.3 100.0

Chi Square
df
V
Significance

6.46
2

.31

.04

21 0

100.0 0

38.2 0

31.8 0

21

31.8

24

36.4

21

31.8

55 11 66

83.3 *16.7 100.0

Chi Square
df
V
Significance

6.99
2

.32

.03



Table 180

Interview Data Analyses: Stoichimietry Problem 2

High, Middle or Low Success on Tests

Algorithmic Reasoning
Success on Strategy aliments About Solution

Tests 0 1 Total T 1 2 Total

18 3 21 13 1 8 0 21

85.7 14.3 31.8 -61.9 38.1 0 31.8

39.1 15.0 37.1 27.6 0 130.2)

27.3 -4.5 19.7 12.1 0

...i,

21 3 24 7 # 16 1 24

87.5 12.5 36.4 29.2 66.7. 442 36.4

Middle 45.7 15.0 " 20.0 55.2'. 50.0 (41.3)

31.8 4.5 10.6 24.2 1.5

7 14 . 21 15; 5

33,3 66.7 31.8 71.4 23.8

High 15.2 70.0 42.9 17.2

10.6 21.2 22.7 7.6

Total 46 20 66

69.7 30.3 100.0

Chi Square 19.30

df 2

Phi .54

Significance .0001

1 21

4.8 31.8

0.0 (27.9)

1.5

35 29 2 66

53.0 43.9 3 0 100.0

KW Chi Square
df
Significance

8.35
4

.02

:331.



Table 181

Interview Data Analyses: StoicUometry Problem 2

High, Middle or Ww.Success on Tests

Success on Structural Error 2

Tests 0 I 2 3 Total

Middle,

5 6 5 5 21

23.8 28.6 23.8 23.8 31.8

38.5 26.1 41.7 27.8

7.6 9.1 7.6 7.6

7 4 4 9 24

29.2 16.7 16.7 37.5 36.4

53.8 17.4 33.3 50.0

10.6 6.1 6.1 13.6

1 13 3 4 21

4.8 61.9 14.3 19.0 31.8

High 7.7 56.5 25.0 22.2

1.5 19.7 4.5 6.1

Total 13 23 12 18 66

19.7 34.8 18.2 27.3 100.0

al.

Chi Square 12.68

df 6

V .31

Significance .05

335



Table 182

Interview Data Analyses: Stoichiometry - Problem 3
High, Middle or Low Success on Tests

Algorithmic Reasoning
Success on Strategy
Tests 0 1 Total

20 1 21

95.2 4.8 31.8

35.7 10.0

30.3 1.5

23 1

95.8 4.2
41.1 10.0
34.8 1.5

,24

36.4

13 8 21

61.9 38.1 31.8

High 23.2 80.0
19.7 12.1

Total 56 10 66
84.8 15.2 100.0

Executive Errors Structural Error - 3
0 1 Total 0 1 2 3 Total!

21 0 21 12 2 ..,.._ 3 4 21
100.0 0 31.8 57.1 9.5 14.3 19.0 31.8
34.4 0 31.6 18.2 30.0 57.1

31.8 0 18.2 3.0 4.5 6.1

24 0 24 17 1 s 1 24

100.0 0 36.4 70.8 4.2 20.8 4.2 36.4
39.3 0 44.7 9.1 50.0 14.3
36.4 0 25.8 1.5 . 7.6 1.5

16 S 21 9 8 2 2 21

76.2 23.8 31.8 42.9 38.1 9.5 9.5 31.8
26.2 100.0 23.7 72.7 20.0 28.6
24.2 7.6 13.6 12.1 3.0 3.0

61 S 66 38 11 10 7 66

92.4 7.6 100.0 57.6 16.7 15.2 10.6 100.0

Chi Square 12.61 KW Chi Square 11.42 Chi Square 13.54

df 2 df 2 df 6

V .44 Significance .003 V .32

Significance .002 Significance .04

333



Table 183

Interview Data Analyses: Stoichiometry - Total

High, Middle or Low Success on Tests

Success on
Tests

Systematic Approach Arithmetic Approach

0 1 . 2 3 Total 0 1 2 3 Total

6 3 4 8 21 14 3 1 3 21

28.6 14.3 19.0 38.1 31.8 66.7 14.3 4.8 14.3 31.8

Low 40.0 37.5 33.3 25.8 (30.1) 35.9 30.0 33.3 21.4 (30.6)

9.1 4.5 6.1 12.1 21.2 4.5 1.5 4.5

9 4 2 9 24 17 4 0 3 24

37.5. 16.7 8.3 37.5 36.4 70.8 16.7 0 12.5 36.4

Middle 60.0 50.0 16.7 29.0 (27.8) 43.6 40.0 0 21.4 (29.0)

13.6 6.1 3.0 13.6 25.8 6.1 0 4.5

0 1 6 14 21 8 3 2 8 21

0 4.8 28.6 66.7 31.8 38.1 14.3 9.5 38.1 31.8

High 0 12.5 50.0 45.2 (43.4) 20.5 30.0 66.7 57.1 (41.5)

,

0 1.5 9.1 21.2 12.1 4.5 3.0 12.1

Total 15 8 12 31 66 39 10 3 14" 66

22.7 12.1 18.2 47.0 100.0 59.1 15.2 4.5 21.2 100.A

KW Chi Square 9.44 KW Chi Square 6.95

df 6 df 6

Significance .009 Significance .03
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Table 184

Interview Data Analyses: Stoichiometry -Total
High, Middle or Low Success on Tests

Success on Nolstemmatic Approach Algorithmic Reasoning Strategy

Tests 0 2 3 Taal 0 1 2 3 Total

14 , 3 1 3 18 0 2 1 21'

66.7 14.3 4.8 14.3 31.8 85.7 0 9.5 4.8 31.8

Low 29.8 30.0 25.0 60.0 (35.5) 40.0 0 25.0 10.0 (27.6)

21.2 4.5 1.5 4.5 27.3 0 3.0 1.5

14 5 3 2 24 21 0 2 1 24

k 58.3. 20.8 12.5 8.3 36.4 87.5 0 8.3 4.2 36.4

Middle 29.8 50.0 75.0 40.0 (37.7) 46.7 0 '25.0 10.0 (27.1)

21.2 7.6 4.5 3.0 31.8 0 3.0 1.5

19 2 0 0 21 6 3 4 8 21

90.5 9.5 0 0 31.8 28.6 14.3 19.0 38.1 31.8

High 40.4 20.0 0 0 (26.7). 13.3 100.0 50.0 80.0 (46.7)

, 28,8 3.0 0 0 9.1 4.5 6.1 12.1
.

Total 47 10 4 5 6b 45 3 8 10 66

71.2 15.2 6.1 7.6 100.0 68.2 4.5 12.1 15.2 100.0

/\
KW Chi Square 6.30 KW Chi Square 21:55

df 6 df 6

Significance .04 ,Significance <.0001



Success on
Tests

Low

High

Total

Table 185

Interview rata Analyses: Stoichiometry
High, Middle or Low Success on Tests

Total

Comments About Solution Executive Errors',

0 I 2- 3 4 Total 0 1 2- 3 Total

3 6 7 5 0 21 19 2 0 0 21

14.3 28.6 33.3 23.8 U 31.8 90.5 9.5 0 0 31.8

25:0 30.0 58.3 23.8 0 (33.3) 34.5 25.0 0 0 (31.0)

4.5 9.1 10.6 7.6 0 28.8 3.0 0 0

3 4 1 15 1 24 23 1 0 0 24

12.5 16.7 4.2 62.5 4.2 36.4 95.8 4.2 0 0 36.4

25.0 20.0 8.3 71.4 100.0 (43.3) 41.8 12.5 0 0 (2 \9.3)

4.5 6.1 1.5 22.7 1.5 34.8 1.5 0 0

6 10 4 1 0 21 13 5 2 f 21

28.6 47.6 19.0 4.8 0 31.8 61.9 23.8 9.5 4.8 31A

50.0 50.0 33.3 4.8 0 (22.5) 23.6 62.5 100.0 100.0 40'48)

9.1 15.2 6.1 1.5 0 19.7 -7.6 3.0 1.5

\ 12 20 12 21 1 66 55 8 2 1 6§

18.2 30.3 18.2 31,8 1.5 100.0 83.3 12.1 3.0 1.5 I 100.0

KW Chi Square 14.13 KW chi Square 10.78

-df 8 df 0

Significance .0009 Significance .005
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Table 186

Interview Data Analyses: Stoichiometry Total .4

High, Middle or Cow SucCess on Tests'

Success on Problems Coxrect Questions Correct

Tests 0 1 2 3 Total 0 1 , Total

Middle

High

Total

13 7 0 1 21 6 5

61.9 33.3 0 4.8 31.8 28.6 23.8

32.5 43.8 0 25.0 (31.9) 60.0 31.3

19.7 10.6 0 1.5 9.1 7.6

20 2 2 0 24 4 8

83:3 8.3 8.3 0 36.4 16.7 33.3

50.0 12.5 33.3 0 (26.1) 40.0 50.0.

30.3 3.0 3.0 0 6.1 12.1

7 7 4 3 21 0 3

33.3 33.3 19.0 14.3 31:8 0 14.3

1715 43.8 66.7 '75.0 (43.5) 0 18.8

10:6 10.0 6.1 4.5 0. 4.5

40 16 6 4 66 10 16

60.6> 24.2 9.1 6.1 100.0 15.2 24.2

10 21

47.6 31.8
25.0 (28.1)

15.2

12 24

50.0 36.4

30.0 (30.3)

18.2

18 21

85.7 31.8
45.0 (42.5)

27.3 .

40 66-

- 60.6 100.0

KW Chi Square
df
Significance

.12.1p

b

.002 :

KW Chi Square-
df

..

Significance

9.11
4

.01

3,1 i



Table 187

Interview Data Analyses: Stoichiometry Total

High,Middle or Low Success on Tests

Success on Questions Correct Without Prompting

Tests 0 1 2 3 4 'rag

Low

Middle

High

total

i

2 5 5 4 5 21

9.5 23.8 23.8 19.0 23.8 31.8

50.0 50.0 26.3 16.0 62.5 (31.9)

3.0 7.6 7.6 6.1 7.6

1 4 11 8 0 24

4.2 16.7 45.8 33.3 0 36.4

25.0 40.0 57.9 32.Q 0 (28.0)

1.5 6.1 16.7 12.1 0

1 1 3 13 3 21

4:8 4.8 14.3 61.9 14.3 31.8

25.0 10.0 15.8. 52.0 37.5 (41.4)

1.5 _ 1.5 4.5 19.7 4.5

4 10 19 25 8 66

6;1 15.2 28.8 .37.9 12.1 100.0

KW Chi Square 6.19

df' 8

Significance .05 --



Table 188

Interview Data Analyses: Mblarity Problem 2

High, Middle or Low Success on Tests

Success on
Tests

Use of Random
Trial and Error

a 1 .Total

Middle

13 2 15

86.7 13.3 27.3

28.3 22.2

23.6 3.6

17 7 24

70.8 29.2 43.6

37.0 77.8

30.9 12.7

16 0 16

100.0 0 29.1

High 34.8 0

29.1 0

.
,

Total 46 9 55

83.6 16.4 100.0

Chi Square c.11

df 2

V .33

Significance .05

') I



Table 189

Interview Data Analyses: Mblarity Problem 3

High, Middle or Low Success on Tests

Success on
Tests

Arithmetic Approach
0 r Total

Nonsystemmatic Approach
Total

Algorthmic Reasoning
Strategy

''0 1 Total

Low

9 6 15 14 1 15 11 4

60.0 40.0 27.3 93.3 6.7 27.3 73.3 26.7

25.0 31.6 29.2 14.3 26.2 30.8

16.4 10.9 25.5 1.8 20.0 7.3

20

83.3

Middle .55.6
36.4

High-

Total

4

16.7
21.1

7.3

24

43.6

18

75.0

37.5

32.7

6

25.0
85.7
10.9

24

43.6

23
95.8
54.8
41.8

15

27.3

1 24

4.2 43.6

7.7

1.8

_7 9 16 16 0 16 8 8

43.8 56.3 29.1 100.0 0 29.1 50.0 50.0

19.4 47.4 33.3 0 19.0 61.5

12.7 16.4 29.1 0 14.5 14.5

3b 55

65.5 34.5 100.0

Chi Square 6.92

d:
V .35

significance .03

48 7 55

87.3 '12.7 100.0

Chi Square 6.08

df 2

.33

Significance .05

42 13

76.4 23.6

Chi Square
df
V
Significance

16

29.1

55

100.0

11.28
2

.45

.004

\N

3,1.I



Table 190

.
Interview Data Analyses: Nolarity Problem 3

High, Middle or Low Success on Tests

Success on
Tests

Structural Error 2

1 2 3 4 Total

Structural Error 3

0 1 2 3 Total

Low

Middle

5 0 4

33.3 0 26.7

31.3 0 30.8

9.1 0 7.3

7 9 2

29.2 37.5 8.3

43.8 90.0 15.4

12.7 16.4 3.6

4 1 7

25.0 6.3 43.8

High 25.0 , 10.0 53.8

7.3 1.8 12.7

Total lb 10 13

29.1 18.2 23.6

Chi Square
df
V

Significance

2

13.3
18.2
3.6

4

26.7

80.0
7.3

15 6 0 5 4

27.3 40.0 0 33.3 26.7

20.0 0 62.5 28.6

10.9 0 9.1 7.3

5 1 24 19 2 1 2

20.8 4.2 43.6 79.2 8.3 4.2 8.3

45.5 20.0 63.3 66.7 12.5 14.3

9.1 1.8 34.5 3.6 1.8 3.6

4 0 lb 5 1 2 8

25.0 0 29.1 31.3 6.3 12.5 50.0

,36.4 0 16.7 33.3 25.0 57.1

7.3 0 9.1 1.8 3.6 14.5

11 5 55 30 3 8 14

20.0 9.1 100.0 54.5 5.5 14.5 25.5

22.00
8

.45

.005

Chi Square 18.07

df b

V .40

Significance .006

15
27.3

24

43.6

16
29.1

55

100.0

3.1u



Table 191

Interview Data Analyses: Molarity Total

High, Middle or Low Success on Tests

Success on
Tests

Nonsystematic Approach Use of Random Trial and Error

0 1 3 Total 0 1 3 Total

9 5 1 0 15 9 5 1 0 15

60.0 33.3 6.7 0 27.3 60.0 33.3 6.7 0 27.3

Low 23.7 45.5 25.0 , 0 (29.8) 23.7 38.5 50.0 0 (30.2)

16.4 9.1 1.8 0 16.4 9.1 1.8 0

14 5 3 2 24 14 7 1 2 24

58.3 20.8 12.5 8.3 43.6 58.3 29.2 4.2 8.3 43.6

Middle 36.8 45.5 75.0 100.0 (31.5) 36.8 53.8 50.0 100.0 (31.2)

25.5 9.1 5.5 3.6 25.5 12.7 1.8 . 3.6

15 1 0 0 16 15 1 0 0 16

93.8 6.3 0 0 29.1 93.8 6.3 0 0 29.1

High 39.5 9.1 0 0 (21.0) 39.5 7.7 0 0 (21.1)

27.3 1.8 0 0 27.3 1.8 0 0

Total 38 11 4 2 55 38 13 2 2 55

69.1 20.0 7.3 3.6 100.0 69.1 23.0 3.5 3.6 100.0

KW Chi Square 6.61 KW Chi Square ,6.44

df 6 df 6

Significance .04 Significance .04

3



Table 192

Interview Data Analyses: Mblarity - Total

High, Middle or Low Success on Tests

f

Success on
Tests

Problems Correct
offal

12 0 3 0 15

80.0 0 20.0 0 27.3

34.3 0 42.9 0 (24.6)

21.8 0 5.5 0

17 6 1 0 24

70.8 25.0 4.2 0 43.6

Middle 48.6 50.0 14.3 0 (25.3)

30.9 10.9 1.8 0

6 6 3 1 16

37.5 37.5 18.8 6.3 29.1

High 17.1 50.0 42.9 100.0 (35.3)

10.9 10.9 5.5 1.8

Total 35 12 7 , 1 55

63.6 21.8 12.7 1.8 100.0

KW Chi Square 6.46

elf 6

Significance .04

31



296

unsuccessful students solving mole problems and moderately successful students

on the molarity problems.

Umments,about solutions. Moles, all problems (Tables 159, 161,.163,

168), and stoichiometry, problem 1, 2,,total (Tables 177,180,185). Unsuccessful

students made more comments about the solution for the moles problems whereas

moderately successful students made more comments on the stoichiametry problems.

Executive errors. Gas Laws, problem 2 (Table 172) and stoichiometry,

problem 3, total (Tables 182, 185). Made more frequently by successful

students. Unsuccessful students frequently did not solve the problems and

therefore had less opportunities to make executive errors.

Problems correct. 'Totals for each of four units (Tables 169, 175, 186, 192).
A

Successful students got more problems correct:

Questions correct. MbleS (Table 169) and stoichiometry (Table 186).

Successful students answered more questions correct an these two units.

Questions correct without prompting, Moles. (Table 170) and stoichiometry

(Table 187). Successful students answered more questions correct without prompting.

Structural errors. Structural errors are analyzed according to each

chemistry unit because there was a unique set of:errors associated for each

chemistry unit.

1. Gas Laws 3 2, Table 173. The major difference between low, middle and

high success groups was that the first two groups more frequentlydidnot attempt

to start the.problem. Successful. students' (high group) host frequent error

was to not set up a proportion or factor.

2. Stoichiometry 1 2, Table 178. Low success students more frequently

failed to use the equation in solving a simple stoichiometry xoblem.

3. Stoichiometry 2 2,Table 181 . Low and moderately successful students

more frequently failed to use the equation in solving stoichiometry problems

than high success students.

3 1 .o"
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4. Stoichiometry 3 3, Table 182. This stoichiometry problem was not solved

correctly by many students of any category. High success students attempted

the problem and used the equation correctly for determining the product. (The

major reason for lack of success on this problem appeared to be students'

inability to determine the limiting reagent.)

5. Mblarity 3 2, Table 190. Low success students did not realize that the

balanced equation must be used more frequently than middle or high success

students.

6. Mblarity 3 3, Table 190. Low success students used the definition

of molarity incorrectly more frequently. More middle success students did

not get far enough to use the definition of molarity.

Hypothesis 4

There are no significant differences in chemistry problem solving

strategies used by students according to the method taught to solve the

problems:

Data were analyzed according to'the treatment (method taught) to which

they were assigned. This information is summarized in Table 193. Results are

summarized in Table 194 and more detailed information about significant findings

are given in Tables 195.217.

Systematic approach. Stoichimetry, problem 2 (Table 208). Students wI.o

used the factor-label methods and the proportion method displayed a more system-

matic approach more frequently than students who used the other two methods.

Because the stoichiometry problems were quite complex this may have important

educational implications.

Approach taught. Moles, all problems (Tables 195, 196, 197, 190), gas laws,

all problems (Tables 200, 201, 202, 204), stoichiometry, all problems (Fvbles 206,

208, 210,. 212), and molarity, all problems (Tables 214, 215, 216, 217). Students

who were taught to use the factor-label method and proportionality more overtly used

3ir
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Table 193

Distribution of Students According

to Teaching Strategy

Unit

Strategy

Factor-Label
N

Analogy
N

Diagram
N

Proportion
N

Moles 20 17 24 13

Gas Laws 14 18 16 16

Stoichiometry 19 15 17 17

Molarity 15 19 19 , 11

334)
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Table 194

Summary of Sigiuficant 11.141i110 leJC.11111g Stiatcl,ies

Stoi iometry

P3 Tteeories

Moles

pia p2b Pic 1d P1 P2 P3 T P1 P2 P1

klo arity

P2 P3

*Reading/Organizing

ReiSais or Statingg

.

Mneumonics

Production

Systemmatic 13.08e

.00S f
t

Approach Taught 26.24 31.92 23.38 38.19 50.05 50.05 9.98 53.58 31.96 36.85 17.34 35.43 22.78 24.09 26.03 40.18

.0001 <.0001. <.0001 <.0001 <.0001 <.0001 .02 <.0001 <.0001 <.0001 .0006c0001 c0001 c0001 <.0001 c0001

Arithmetic 12.55 21.28 12.49 20.49 37.51 40.12 9.51 36.34 13.58 10.58 7.87 12.85 14.38 8.09 14.69
_

.006 .0001 .006 .0001 <.0001 <.0001 .02 c0001 .004 .01 .05 .005 .002 .04 .002

Nonsystemmatic 7.84 7.77 7.77 12.87 11.36 7.70

.05 .05 .05 .005 .01 .05

No Answer 7.70 7.61

.05 .05

Strategy
)

Algorithmic .,.. 10.78 8.63

.01 .03

Alg/Reasoning 9.66 7.77 ,

,02 .05

Random T & E 10.61 ,9.81
.01 .02

Structural Error

Misinterprets

,

Disregards given

Disregards gen

Misapplies 9.23 12.23
.03 .007

Not generate 8.0 12.96

.03 .005



Table 194 (continued)

Summary of-Significant Findings: Teaching Strategies

Moles Gas Laws Stoichiometry

M P2 P3 T P1

Mblarity
P2 P3 T

Protocol Categories P1 PZ P3 T P1 P2 P3 T

*Evaluation

*Cements about Solution 9.23
.03

*Executive Errors

*Problems Correct x1 x X X X

*Questions Correct

*Que.tion 1./o Prompting x x x

X X

X

X

x x x x

Structuralaprors

Sectionh 1 - 1 x x x x X X X X X

Section 1 - 2 X X X X X X X X

Section 2 1 X X X X X X X X X

Section 2 - 2 X X X X X X X x x x x X x

Section 3 - 1 X X X X X X X X X

Section 3 2 X X X X X X X x- X X X

Section 3 - 3 X X X X X X X x X X

*Category sum

aProblem 1

b Problem 2

cProblem 3

dSum of Problems 1, 2 3

37,

eStatistic

fProbability level

gSum of rereads -1d_restates subcategories

hSectionon supplementary coding sheet

'Not meaningful

A

(-4
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leaching
Strategy

actor-Label

Diagiam

Proportion

Total.

Table 195

Interview Data Analyses: Moles Problem

Teaching Strategies

Approach Taught Arithmetic Approach
'I Total 0 1 Total

9a 11 20 13 7 20

45.0b 55.0 27.0, 65.0 35.0 27.0

15.3c 73.3 44.8 15.6

12.2'1 -14.9, 17.6 9.5

17 0 17 . 5 12 17

100.0 0 23.0 29.4 70%6 23.0

28.8 0 17.2 26.7

23.0 0 6.8 16.2

24 0 24 , 4 20 24

100.0 0 32.4 16.7 83.3 32.4

40.7 0 13.8 44.4

32.4 0 - 5.4 27.0

9 4 13 7 6 13

69.2 30.8 17.6 53.8 46.2 17.6

15.3 26.7 24.1 13.3

12.2 5.4 9.5 8.1

59 15 74 29 45 74

79.7 20.3 100.0 39.2 60.8 100.,0

unt
'Tow percentage

lump percentage
otal percehtage

Cramer's V

Chi Square 26.24 Chi Squate 12.55

df df 3

V' .5;f V . .42

Significance <.0001 Significance .006

355



a

Table 196

Interview Data Analyses: Moles - Problem 2

Teaching Strategies

Teaching
Strategy

ach Taught
Arithmetic Approach

0 1 Total

8 12 20 15 5 20

40.0 60.0 27.0 75.0 25.0 27.0

Factor -Label 14-5
10.8

63.2
16.2

45.5
20.3

12.2
6.8

17 0 17 6 11 "17

100 O 0 23.0 35.3 64,7 23,0

Analogy
23.0

0

0

18.2
8.1

26.8
14.9

24 0 24 3 21 24

100.0 0 32.4 12.5 87.5 32.4

Diagram 43.6 0
9.1 51.2

32.4 0
4.1 28.4

6 7 13 9 4 13

46.2 53.8 17.6 69.2 30.8 17.6

Proportion -10.9 36.8 27.3 9.8

8.1 9.5 12.2 5.4

Total 55 1 74 33 41 74

74.3 25.7 100.0 4
44.6 55.4 100.0

! -

Chi Square 31.92 Chi Square 21.28

df 3 . Of 3

V .66
V .54

Significance < .5001 Significance .0001
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Table 197

Interview Data Analyses; Nbles - Problem 3

Teaching Strategies

Teaching Approach Taught
Strategy 0 1 Total

Needed Intonation

Arithmetic Approach Not Generated

0 1 Total 0 1 Total

11 9 20 15 5

Factor-
55.0 45.0 27.0 75.0 25.0

Label
18.6 60 0 33.3 17.2

14.9 12.2 20.3 6.8

20 14 6 20

27.0 70.0 30.0 27.0

22.2 54.5

18.9 8.1

17 0 17 11 6 17 15 ,1 17

100.0 0 23.0 64.7 35.3 23.0 88.2 11.8 23.0

Analogy 28.2 0 24.4 20.7 23.8 18.2

23.0 0 14.9 8.1 20.3 2.7

24 0 24 8 16 24 24 0 24

100.0 0 32.4 33.3 66.7 32.4 100.0 0 32.4

Diagram 40.7 0 77.8 . 55.2 38.1 0

32.4 0 10.8 21.6 32.4 0

7 6 13 11 '2

53.8 46.2 17.6 84.6 15.4

Proporticn 1'.9 40.0 24.4 6.9

9.5 8.1 14.9 2.7

13 10 3 13

17.6 76.9 23.1 17.6

15.9 27.:,

13.5 4.1

Total 59 15 74 45 29 74 63 11 74

79.7 20.3 100.0 60.8 39.2 100.0 85.1 14.9 100.0

Chi Square 23.38 Chi Square 12.49 Chi Square 8.63

df 3 df 3 df 3

V .56 V- .41 V .34

Significance < .0001 Significance-- -.006 Significance .03
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Table 198

Interview Data Analyses: Moles Total

Teaching Strategies

Teaching Approach Taught

Strategy 0 1 2 Total

Arithmetic Approach
1 2 3 Total

a
5 5 6 20 12 2 3 3 20

25.0
b

20.0 25.0 30.0 27.0 60.0 10.0 15.0 15.0 27.0

Fac or-Label 9.6c
d

103.0 55.6 66.7 (53.8)e 52.2 20.0 16.7 13.0 (25.9)

6.8 5.4 6.8 8.1 16.2 2.7 4.1 4.1

17 0 0 0 17 4 2 6 3 17

100.0 0 0 0 23,0 23.5 11.8 35.3 29.4 23.0

Analogy 32.7 0 0 0 (26.5) 17.4 20.0 33.3 21.- (39.7)

23.0 0 0 0 S.4 2.7 8.1 6.6

24 0 0 0 24 0 4 7 13 24

100.0 0 0 0 32.4 0 16.7 29.2 54.2 32.4

Diagram 46.2 0 0 0 (26.5) 0 40.0 38.9 56.5 (51.3)

32.4 0 0 0 0 5.4 9.5 17.o

6 0 4 3 13 7 2 2 2 13

46.2 0 30.8 23.1 17.6 53.8 15.4 15.4 15.4 17.6

Proportion 11.5 0 44.4 33.3 (47.2) 30.4 20.0 11.1 8.- (27.1)

8.1 0 5 4 4.1 9.5 2.7 2.7

Total 52 4 9 9 -4 23 10 18 23 74

70.3 5.4 12.2 12.2 100.0 31.1 13.5 24.3 31.1 100.0

!Count
bRow percentage
cplumn percentage
dTotal percentige
Mean rank

KW Chi Square 38.12 KW Chi Square 20.49

df 9 df 9

Significance < .Ce01 Significance .0001

3.5 J".2



Table 199

Interview Data Analyses: Moles Total

Teaching Strategies

Teaching Nonsystematic Approach Needed Information Not Generated

Strategy 0 1 1 3 Total

16 2 2 0 20

80.0 10.0 10.0 0 27.0

Factor-Label 30.8 15.4 33.3 0 (33.9)

21.6 2.7 2.7 0

8 5 2 2 17

47.1 29.4 11.8 11.8 z3.0

15.4 38.5 33.3 66.7 (46.5)
to 0 4 0 1 1 1 1
IAJ.0 u.0 ,., 4./

Analogy

16

66.7

6 2

25.0 8.3

0

0

Diagram 30.8 46.2 33.3 0

21.6 8.1 2.7 0

12 0 0 1

92.3 0 0 7.7

Proportion 23.1 0 0 33.3

16.2 0 0 1.4

Total 52 13 6 3

70.3 17.6 8.1 4.1

KW Chi Square 7.84

df 9

Significance .05

24

32.4

(38.1)

13

17.6
(30.1)

74

100.0

0 1 2 Total

9 9 2 20

45.0 45.0 10.0 27.0

17.0 52.9 50.0 (47.3)

12.2 12.2 2.7

14 2 ' 1 17

82.4 11.8 5.9 23.0

26.4 11.8 25.0 (33.8)

18.9 2.7 1.1

22 2 0 24

91.7 8.3 0 32.4

41.5 11.8 0 (29.9)

29.7 2.7 0

8 4 1 13

61.5 30.8 7.7 17.6

15.1 23.5 25.0 (41.3)

10.8 5.4 1.4

53 17 4 74

71.6 23.0 5.4 100.0

KW Chi Square 12.96

df 6

Significance .005

35 it)



Teaching
Strategy

Factor-Label

Analogy

Proportion

Table '00

Interview Data Analyses: Gas Laws

Teaching Strategies

Problem 1

Approach Taught Arithmetic Approach

6 1 Total 0 1 Total

1 13 14 13 1 14

7.1 92.9 21.9 92.9 7.1 21.9

2.6 50.0 40.6 3.1

1.6 20.3 20.3 1.6

18 0 18 1 17 18

100.0 0 28.1 5.6 94.4 28.1

47.4 0 3.1 53.1

28.1 0 1.6 26.6

16 0 16 4 12 16

100.0 0 25.0 25.0 75.0 25.0

42.1 0 12.5 37.5

25.0 0 6.3 18.8

3 13 16 14 2 16

18.8 81.3 25.0 87.5 12.5 25.0

7.9 50.0 43.8 6.3

4.7 20.3 21.9 3.1

38 26 64 32 32 64

59.4 40.6 100.0 50.0 50.0 100.0

Chi Square 50.05 Chi Square 37.51

df 3 df 3

V .888 V .76

Significance <.0001 Significance <.0UU1

3



Table 201

Interview Data Analyses: Gas Laws Problem 2

Teaching Strategies

Teaching
Strategy

Approach Tught
0 1 -Total

Arithmetic Approach
0 1 Total

Algorithmic Strategy Algorithmic Reasoning

0 1 Total 1 Total

1

7.1

Factor-Label 2.6

1.6

Analogy

Jiagrarn

Proportion

Total

13 14

92.9 21.9
50.0
20.3

18 0 18

100.0 0 28.1

47.4 0

28.1 0

16 0 16

100.0 0 25.0

42.1 0

25.0 0

3 13 16

18.8 81.3 25.0

7.9 50.0

4.7 20.3

38 26 64

59.4 40.6 10C.0

Chi Square 50.05

df 3

V .88

Significance < .0001

14 0

100.0 0

42.4 0

21.9 0

2 16

11.1 88.9
6.1 51.6

3.1 25.0

3 13

18.8 81.3
9.1 41.9
4.7 20.3

14 2

87.5 12.5

42.4 6.5

21.9 3.1

14 9 5 14 6 8 14

21.9 64.3 35.7 21.9 42.9 57.1 21.9

.25.0 17.9 16.7 28.6

14.1 7.8 9.4 12.5

18 10 8 18 10 8 18

28.1 55.6 44.4 28.1 55.6 44.4 28.1

27.8 28.6 27.8 28.6

15.6 12.5 15.6 12.5

16 13 3

25.0 81.3 18.8

36.1 10.7

20.3 4.7

16 4 12

25.0 25.0 75.0

11.1 42.9
6.3 18.8

33 31 64

51 6 48.4 100.0

Chi Square 40.12

df 3

V .79

Significance <.0001

16 6 10 16

25.0 37.5 62.5 25.0

16.7 35:7

9.4 15.6

16 14 2 16

25.0 87.5 12.5 25.0

38.9 7.1

21.9 3.1

036 28 64

56.3 43.8 100.0

Chi Square
df

V
Significance

10.78
3

.41

.01

36 28 64

56.3 43.8 100.0

Chi Square
df

V
Significance

9.06
3

.39

.02

36i



Table 202

Interview Data Analyses: Gas Laws - Problem 3

Teaching Strategies

Teaching
Strategy

Approach Taught
1 Total

Arithmetic Approach
0 1 Total

Factor-Label

Analogy

9 5 14

64.3 35.7 21.9

16.1 62.5

14.1 7.8

17 A

94.4 5.6

30.4 12.5

26.6 1.6

16 0

100.0 0

Diagram 28.6 0

25.0

Proportion

Total

18

28.1

16

25.0

14 2 16

87.5 12.5 25.0

25.0 25.0

21.9 3.1

56 8

87.5 12.5

Chi Square
df
V
Significance

64

100.0

9.98
3

.39

.02

14

100.0
'28.6

21.9

11

61.1
22.4

17.2

10

62.5
20.4

15.6

14

87.5
28.6

21.9

0 14

0 21.9

0

0

7.

38.9

46.7

10.9

37.5
40.0

9.4

2

12.5

13.3

3.1

18
28.1

16
25.0

16
25.0

49 15 64

76.0 :5.4 100.0

(ii Square

df
V

Significance

9.51
3

.38

.u2



Table 203

Interview Data Analyses: Gas Laws Problem 3

Teaching Strategies

Teaching Misapplies Information Generated Comments about Solution

Strategy 0 1 Total 0 1 2 Total

14 0 14 1 10 3 14

100.0 0 21.9 7.1 71.4 21:4 21.9

Factor-Label 23.7 0 6.7 22.7 60.0 (40.6)

21.9 0 1.6 15.6 4.7

17 1 18 5 12 1 18

94.4 5.6 28.1 27.8 66.7 5.6 28.1

Analogy 28.8 20.0 33.3, 27.3 20.0 (30.7)

26.6 1.6 7.8 18.8 1.6

12 4 16 7 9 0 16

75.0 25.0 25.0 43.8 56.3 0 25.0

Diagram 20.3 80.0 46.7 20.5 0 (24.6)

18.8 6.3 10.9 14.1 0

16 0 16 2 13 1 16

100.0 0 25.0 12.5 81.3 6.3 25.0

Proportion 27.1 0 13.3 29.5 20.0 (35.3)

25.0 0 3.1 20.3 1.6

)

Total 59 5 64 15 44 5 64

92.2 7.8 100.0 23.4 68.8 7.8 100.0

Chi Square 9.23 KW Chi Square 9.23

df . 3 . df 6

V .38 Significance .03

Significance .03



Table 204

Interview Data Analyses: uas Laws TuLal

Teaching Strategies

Teaching Approach Taught Arithmetic Approach

Strategy 0 2 3 Total 0 1 2 3 Total

0 1 9 4 14 13 1 0 0 14

0 7.1 64.3 28.6 21.9 92.9 7.1 0 0 21.9

Factor-Label 0 16.7 50.0 6b.7 (52.1) 43.3 33.3' 0 0 (16.7)

0 1.6 14.1 6.3 20.3 1.6 0 0

Analogy

Diagram

Proportion

Total

17 1 0 0 18 1 1 9 7 18

94.4 5.6 0 0 28.1 5.6 5.6 50.0 38.9, 28.1

50.0 16.7 0 0 (18.6) 3.3 33.3 50.0 33.8 (46.4)

26.6 1.6 0 0 1.6 1.6 14.1 10.9

16 0 0 0 16 3 1 6 6 16

100.0 0 . 0 0 25.0 18.8 6.3 37.5 37.5 25.0

47.1 0 0 0 (17.5) 10.0 33.3 77 7 16.7 (42.6)

25.0 0 0 0 4.7 1.6 9.4 9.4

1 4 9 2 - 16 13 0 3 0 16

6.3 25.0 59.3 12.5 25.0 81.3 0 18.8 0 25.0

2.9 66.7 50.0 33.3 (46.0) 43.3 0 16.7 0 (20.6)

1.6 6.3 14.1 3.1 20.3 9 4.7 0

34 6 18 6 64 30 3 18 13 64

53.1 9.4 28.1 0.4 100.0 4b.9 4.7 28.1 10.3 100.0

KW chi Square 53.58 KW Ili Square 36.34

df 9 df 9

Significance <.0001 Significance <.0001

3



Teaching
Strategy

7

50.0

Factor- 25.9

Label 10.9

6

33.3

Analogy 22.2
9.4

11
68.s

Diagram 40.7
17.2

3

18.8

Proportion 11.1
4.7

Total 27

42.2

Table 205

Interview Data Analyses: Gas Laws

Teaching Strategies

- Total

Algorithmic Strate%Chly Algorithmic Reasoning Strategy
2 3 Total

Ndsgpplies Info Generated

a 2 Total 0 1
1 Total

,

2 - 4 1 14 5 3 4 2 14 14 0 14

14.3 28.6 7.1 21.9 357 21.4 28.6 14.3 21.9 100.0 0 21.9

20.0 19.0 16.7 (29.8) 16.7 30.0 25.0 25.0 (35.6) 24.1 0 (29.5)

3.1 6.3 1.6 7.8 4.7 6.3 3.1 21.9 0

5 6 1 18 7 3 6 2 ,. 18 17 1 18

27.8 33.3 5.6 28.1 38.9 16.7 33.3 11.1 28.1 94.4 5.6 28.1

50.0 28.6 16.7 (33.1) 23.3 30.0 37.5 25.0 (34.8) 29.3 16.7 (31.3)

7.8 9.4 1.6 10.9 4.7 9.4 3.1 26.6 1.6

1 3 1 16 0 2 4 4 10 11 5 16

6.5 18.8 6.3 25.0 37.5 12.5 25.0 25.0 25.0 68.8 31.3 25.0

10.0 14.3 10.7 (24.5) 20.0 20.0 25.0 51_0 (37.5) .19:0 83.3 (39.5)

1.6 4.7 1.6 -9.4 3.1 6.3 6.3 17.2 7.8

/ 8 3 16 12 2 2 0 16 16 0 16

U.S 50.0 18.8 25.0 75.0 12.5 12.5 0 25.0 100.0. 0 25.0

20.0 38.1 50.0 (42.2) 40.0 20.0 12.5 0 (22.1) 27.6 0 (29.5)

3.1 12.5 4.7 18.8 3.1 3.1 0 25.0 0

10 21 6 64 30 10 16 8 64 56 0 64

15.6 32.8 9.4 100.0 46.9 15.6 25.0 12.5 100.0 90.6 9.4 100.0

KW Chi Square 8.63 KW Chi Square 7.77 KW Chi Square 12.23

df 9 df 9 df 3

Significance .03 Significance .05 Significance .007

3w1/4; 367



Table 206

Interview Data Analyses: ,Stoichiometry
Teaching Strategies

Problem 1

Teaching ro_n___Vpachrraraut Arithmetic Approach Nonsystematic Approach

Strate of 0 1 Total 0 1 Total

8 11 19 14 5 19 17 2 19

42.1 57.9 28.8 73.7 26.3 28.8 89.5 10.5 28.8

Factor-L4e1 18.2 50.0 34.1 20.0 . 30.9 18.2

12.1 16.7 21.2 7.6 25.8 3.0

15 0 15 6 9 15 9 6 15

100.0 0 22.7 40.0 60.0 22.7 60.0 40.0 22.7

34.1Analogy
22.7

/0

0

14.6
9.1

36.0
13.6

16.4
13.6,

54.5
9.1

17 0 17 e 7 '10 17 15 2 17

100.0 0 25.8 41.2 58.8 25.8 88.2 11.8 25.8

Diagram 38.6 0 17.1 40.0 27.3 18.2

25.8 0 10.6 15.2 22.7 3.0

1 4 11 15 14 1 15 14 1 15

26.7 73.3 22.7 93.3 6.7 22.7 93.3 6.7 22.7

Proportion 0.1 50.0 34.1 4.0 25.5 9.1

6.1 16.7 21.2 1.5 21.2 1.5

I

Total 44 22 66 41 25 66 55 11 66

66.7 33.3 100.0 62.1 37.9 100.0 83.3 16.7 100.0

Chi\Square 31.96 Chi Square 13.58 Chi Square 7.77

df -3 df 3 df 3

V .69 V .45 V .34

Significance < .0001 Significance .004 Significance .05



Table 207

Interview Data Analyses: Stoichiametry Problem 1

Teaching Strategies-

*of

Teaching No Answer Given

Stragegy 0 Total

18 1 19

94.- 5.3 28.8

Factor-Label 31.0 12.5

27.3 1.5

15 0 15

100.0 0 22.7

Analogy 25.9 0

22.- 0

12 5 17

70.6 29.4 25.8

Diagram 20.7 62.5

18.2 7.6

13 2 15

86.7 13.3 22.7

Proportion 22.4 25.0

19.7 3.0

Total 58 8 66

87.9 12.1 100.0

Chi Square 7.70

df 3

V .34

Significance .05



Table 208

Interview Data Analyses: Stoichiometry Problem 2

Teaching Strategies

leaching
Strate

-Factor-Label

I. Analogy.

Diagram

Proportion

Total

lc

Systemmatic Approach Approach Taught Arithmetic Approach

-0 1 Total 0 1 -Total

3 16 19 7 12 19

15.8 84.2 28.8 36.8 / 63.2 28.8

15.0 34.8 18.4 42.9

4.5 24.2 10.6 18.2

9 6 15 15 0 15

60.0 40.0 22.7 100.0 0 22.7

45.0 13.0 39.5 0

13.6 9.1 22.7 0

7 10 17 15 2 17

41.2 58.8 25.8 88.2 11.8 25.8

35.0 21.7 39.5 7.1

10.6 15.2 22.7 3.0

1 14 15 1 14 15

6.7 93.3 22.7 6.7 93.3 22.7

5.0 30.4 2.6 50.0

1.5 21.2 1.5 21.2

20 46 66 38 28 66

30.3 69.7 100.0 57.6 42.4 100.0

Chi Square 13.08 Chi Square

df 3 df

), V .44 V

Significance .005 Significance <

3 1 1

0 1

15 4

78.9 21.1

31.3 22.2

22.7 6.1

9 6

60.0 40.0

18.8 33.3

13.6 9.1

9 8

52.9 47.1

18.8 44.4

13.6 12.1

15 0

100.0 0

31.3 0

22.7 0

48 18

72.7 27.3

--Total

19

28.8

15

22.7

17

25.8

15

22.7

66
100.0

36.85 Chi Square 10.58

3 df 3

.75 .V .40

.0001 Significance .01



Table 209

Interview Data Analyses: Stoichirometry Problem 2

Teaching Strategies

Teaching Nonsystematic Approach No Answei Given

Strategy q 1 Total 0 1 Total

Factor-Label

Analogy

Diagram

Proporti4n

Total

17 2 19 018 1 19

89.5 10.5 2$1.8 94.7 5.3 28.8

30.9 18.2 31.6 11.1

25.8 3.0 27.3 1.5

9 6 15 12 3 15

60.0 40.0 22.7 80.0 20.0 22.7

16.4 54.5 21.1 33.3

13.6 9.1 18.2 4.5

'15 2 17 12 5 17

88.2 11.8 25.8 70.6 29.4 25.8

27.3 18.2 21.1 55.6

22.7 3.0 18.2 7.6

14 1 15 15 0 15

93.3 6.i 22.7 100.0 0 22.7

25.5 9.1 26.3 0

21.2 1.5 22.7 0

SS 11 66 57 9 66

83.3 16.7 100.0 86.4 13.6 100.0

Chi Square 7.77 Chi Square 7.61

df 3 df 3

V .34 V .34

Significance .05 Significance .05



Table 210

Interview Data Analyses: Stoichiometry Problem 3

Teaching Strategies

Teaching proach Taught Arithmetic Approach

Strategy 1 To ta 0 1 Total

Factor-Label

Analogy

Diagram

Proportion

11 8 19 15 4 ,19

57.9 42.1 28.8 78.9 21.1 28.8

22.4 47.1 29.4 26.7

16.7 12.1 22.7 6.1

15 0 15 11 4 15

100.0 0 22.7 73.3 26.7 22.7

30.6 0 21.6 26.7

22.7 0 16.7 6.1

16 1

94.1 5.9

32.7 5.9

24.2 1.5

17 10 7 17

25.8 58.8 41.2 25.8

19.6 46.7

15.2 10.6

7 8 15 15 0 15

46.7 53.3 22.7 100.0, 0 22.7

14.3 47.1 29.4 0

10.6 12.1 22.7 0

Total 49 17 66 51 . ,15 66

74.2 25.8 100.0 77.3" 22.7 100.0

Chi Square 17.34 Chi Square 7.87

df 3 df 3

V .51 V :34

Significance .0006 Significance .05



Table 211

Interview Data Analyses: Stoichiometry Problem 3

Teaching Strategies

Teaching, .

Strategy

A roach
oTir-

Use of Random
Trial and Errorlisystemma_ic

0 1 Total

18 . 1 19 17 2 19

94.7 5.3 28.8 89.5 10.5 28.8

Factor-Label
32.7 9.1 33.3 13.3

27.3 1.5 25.8 3.0

8 7 15 7 8 15

53.3 46.7 22.7 46.7 53.3 22.7

Analogy 14.5

12.1

63.6
10.6

13.7
10.6

53.3

12.1

15 2 17 14 3 17

88.2 11.8 25;8 82.4 17.6 25.8

Diagram 27.3 18.2 27.5 20.0

22.7 3.0 21.2 4.5

. 14 1 15 13 2 fs

93.3 6.7 22.7 86.7 13.3 22.7

Proportion 25.5 9.1 25.5 13.3

21.2 1.5 19.7 3.0

Total 55 11 66 51 15 66

83.3 16.7 100.0 77.3 . 22.7 100.0

Chi Square 12.87 Chi Squste 10.61

df 3 df \ 3

V .44 V .40

Significance .005 Significance .01



Table 212

Interview Data Analyses: Stoichiometry Total

Teaching Strategies

Teaching Approach Taught Arithmetic.Approxii

Strategy, 0 1 2 3 Total 0 1 2 3 Total

./
, 1 3 8 19 12 4 0 3 19

36.8 5.3 15.8 42.1- 28.8 63.2 21.1 0 15.8 28.8

Factor-Label 18.4 20.0 42 ..9 50.0 (41.4) 30.8 40.0 0 21.4 (31.4)

10.6 1.5 4.5 12.1 18.2 6.1 0 4.5

15 0 0
r

0 15 6 3 2 4 15

100.0 0 0 0 22.7 40.0 20.0 13.3 26.7. 22.7

Analogy 39.5 0 0 0 (19.5) 15.4 30.0 66.7 28.6 (39.6)

22.7 0 0 0 9.1 4.5 3.0 6.1

15 10 1 0' 17 7 2 1 7 17

'88.2 5.9 5.9 g 0 25.8 41.2 11.8 5.9 41.2 25.8

Diagram 39.5 20.0- 14.3 0 (22.4) 17.9 20.0 33.3 50.0 (41.0)

22.7 1.5 1.5 0 10.6 3.0 1.5 10.6

1 3 3 8 15' 14 1 0 0 15

6.7 20.0 20.0 53.3 22.7 93.3 6.7 0 0 22.7

Proportion 2.6 60.0 42.9 50.0 (50.1) 35.9 10.0 0 0 (21.6)

1.5 4.5 4.5. 12.1 21.2 1.5 0 0

Total 38 5 7 16 66 39 10 3 14 66

57.6 7.6 10.6 24.2 100.0 -59.1 15.2 4.5 21.2 100.0

KW Chi Square 35.43 KW Chi Square 12.85

df 9 df 9

Significance < .0001 Significance .005

t)



Teaching

Strategy

Factor-Label'

Analogy

Diagram

llk-oportion

Total

Table 213

Interview Data Analyses: Stoichianetry Total

Teaching Strategies

Nonsystematic Approach
Use of Random Trial and Error

0 7 2 3 Total 0 1 2 3 Total

p

16 , 1 2 19 14 1 4 0 19
.0

U 28.884.2 5.3 10.5 73.7 5.3 21.1 0 28.8

34.0 10.0 50..0 0 .(29.2) 32.6 9.1 66.7 0 (30.9)

24.2 1.5 3.0 0 21.2 1.5 6.1 0

6 3 2 4 15 5 '4 2 4 15

40.0 20.0 13.3 2b.7 22.7 33.3 26.7 13.3 26.7 22.7

12.8 30.0 5.0 80.0 (45.1) 11.6 36.4 33.3 66.7 (45.0)

9.1 4.5 3.0 6.1 7.6 6.1 3.0 6.1

13 3 0 1 17 13 3 0 1 17

76.5 f/.6 0 5.9 25.8 76.5 17.6 0 5.9 25.8

27.7 30.0 0 20.0 (31.4) 30.2 27.3 0 16.7 (29.2)

19.7 4.5 0 1.5 19.7 4.5 0 1.5

12 3 0 0 15 ' 11 3 .)
0 1 15

80 0 20.0 0 0 22.7 73.3 20.0 0 6.7 22.7

25.5 30.0 0 0 (29.7) 25.6 27.3 0 16.7 (30.2)

18.2 4.5 0 0 16.7 4.5 0 1.5

47 10 4 5 66 43 11 6 6 66

71.2 15.2 6.1 7.6 100.0 65.2 16.7 9.1 9.1 100.0

M W Chi Square 11.36 KW (Ii Square 4.81

df 9 df 9

Significance .01 Significance .02

37.; 377



Table 214

Interview Data Analyses: Niolarity - Problem 1

Teaching Strategies

Teaching
Strategy

Factor-Label

Approach Taught
0 1 Total

7 8- 1514,

46.7 53.3 23.4

13.5 66.7

10.9 12.5

19 0 19

100.0 0 29.7

Analogy 36.5 0

29.7 0

19 0 19

100.0 0 29.7

Diagram 36.5 0

29.7 0

7 4 11

63.6 36.4 17.2

Proportion 13.5 33.3

10.9 6.3

Total 52 12 64

81.3 18.8 100.0

Chi Square 22.78

df 3

V .60

Significance <.0001



Table 215

Interview Data Analyses: Mblarity Problem 2

Teaching Strategies

Teaching Approach Taught Arithmetic Approach

Strategy
1 total

,Factor-

Label.

Analogy

Diagram

Proportion

Total

8 7 15

53.3 46.7 23.4

15.7 53.8

12.5 10.9

19 0 19

100.0 0 29.7

37.3 0

29.7 0

19 0 19,

100.0 0 29.7

37.3 0

29.7

5 6 11

45.5 54.5 17.2

9.8 46.2

7.8 9.4

10 5 15

66.7 33.3 '23.4

34.5 14.3

15.6 7.8

6 13 19

31.6 68.4 29.7

20.7 37.1

9.4 2a.3

4 15 19

21.1 78.9 29.7

13.8 42.9

6.3 23.4

9 2 11

81.8 18.2 17.2

31.0 5.7

14.1 3.1 o

51 13 64 29 35 64

79.7 20.3' 100.0 45.3 '54.7 100.0

Chi Square 24.09 Chi Square 14.63

df' 3 df 3 .

V .61 V .48

Significance <.0001 Significance .002



Table 216

Interview Data Analyses: Mblarity Problem 3

Teaching Strategies

Teaching
Strategy

Factor -Label

Analogy

Diagram

Proportion

Total

:3 Jbj

roach Tau t
o

Arithmetic ApiT...zh
o

Nbnsystemmatic Approach
a 1 Total

6 9 15 13 2 15 15 0 15

40.0 60.0 23.4 86.7 13.3 23.4 .100.0 0 23.4

11.8 69.2 29.5 10.0 27.3 0

9.4 14.1 20.3 3.1 23.4 0

19

100.0

37.3
29.7

19

100.0
37.3
29.7

7

63.6

13.7
10.9

0 19

0 29.7

0

0

0 19

U 29.7

0

0

4

36.4
30.8
6.3

11

17.2

51 13 64

79.7 20.3 100.0

Chi Square
df
V
Significance

11

57.9

25.0'

17.2

10

52.6
22.7
15.6

8 19

42.1 29:7

40.0
12.5

9 19

47.4 29.7

45.0
14.1

13

68.4
23.6

20.3

17

89.5
30.9
26.6

6 19

31.6 29.7

66.7
9.4

2

10.5
22.2
3.1

19

29.7

10 1 11 10 1 11

90.9 9.1 17.2 90.9 9.1 17.2

22.7 5.0 18.2 11.1

15.6 1.6 15.6 1.6

44 20 64 55 9 64

68.8 31., 100.0 85.9 14.1 100.0

26.03 Chi Square 8,09 Chi Square 7.70

3 df 3 df 3

.64 V .35 V .35

< .0001 Significance .04 Significance .05,.

ro



Table 217

Interview Data Analyses: Molarity Total

Teaching Strategies

Teaching
Strategy

Approach Taught Arithmetic Approach -

0 1 Total 0 1 2 3 Total

4 4 1 6 15 '2 4 1 15

Factor- 26.7 26.7 b.7 40.0 23.4 5.3.1( 13.3 26.7 6.7 23.4

Label 9.1 50.0 16.7
.

100.0 (47.2) 38.1 22.2 21.1 6.7 (23.8)

6.3 6.3 1.6 9.4 12.5 3.1 6.3 1.6

19 0 0 C u 19 . 5 0 8 6 19

100.0 0 0 0 29.7 26.3 0 42.1 '31.6 29.7

Analogy 43.2 0 0 0 (22.5) 23.8 1 0 42.1 40.0 (37.7)

29.7 0 0 0 7.8 9 12.5 9.4
I

19 0 0 0 19 2 4 5 8 19

100.0 0 0 u 29.7 10.5 21.1 26.3 42.1 29.7

Diagram '43.2 0 . 0 0 (22.5) 9.5 44.4 26.3 53.1 (41.2)

29.7 0 0 0 3.1 6.3 --7.8 12.5

2 4 5 0 11 6 3 2 0 11

18.2 36.4 45.5 0.' 17.2 54.5 27.3 18.2 0 17.2

Proportion 4.5 50.0 83.3 0 (47.0) 28.6 33.3 10.5 '0 (20.4)

3.1 6.3 7.8' 0 9. , 4.7 3.1 0

Total, 44 8 6 b 64 21 9 19 15 64

68,8 12.5 9.4 9.3 100.0 32.8 14.1 29.7 /'13 4
-4!

100.0

KW C4i Square 40.18 KW Chi Square '14.69

df ,9 df 9

Significance <.0001 Significance .002

et
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the method taught than students taught by the diagram or the analogy methods.

Students may have forgotten -the diagram or used the analogies covertly.

Arithmetic approach. Moles, all problems (Tables 195, 196, 197, 198),

gas laws, all problems (Tables 200, 201,,202, 204),stoichiometry, all problems

(Tables 206, 208, 210',212) and molarity, 'problems 2, 3, total(Tables 215, 216,

217). Students taught using the analogy And diagram methods used arithmetic

instead of the app oath taught.

Mons stemmat a roach. Males, total (Table 199), stoichianetry, all

problems (Tables.
(

06, 209, 211, 213), and molarity, problem 3 (Table 210: Stu-

dents who used the analogy and diagrammatic methods were nonsystemmatic more

frequently when solving moles problems. Students using the analogy method were

nonsystemmatic more frequently solving stoichiametry problems and for molarity

problem I.

No answer given. Stoichiametry, problems 1, 2 '(Tables 207, 209). Students who

used the diagramic method gave no answers more frequently.

Algorithmic strategy. Gas laws, problem 2, total (Tables 201, 205). Stu-

dents taught the proportional method used an algorithmic strategy, more frequently.

Algorithmic/reasoning strategy. Gas laws, problem 2, total (Tables 201, 205).

This strategy was used primarily by students taught by the analogy method and

least by students taught by the proportionality methods.

Random trial and error. Stoichiametry, problem 3, total (Tables 211, 213).

This strategy was Used primarily by persons taught the analogy method.

Misapplies information. Gas laws, problem 3, total (Tables 203, 205). Students

taught by the diagram method more frequently misapplied relevant information gen-

erated in previous stept.

Does not generate. Moles, problem 3, total (Tables 197, 199)., Students who

used the factor-label method more frequently did not generate information from
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memory needed to solve the problem. The next most prevalent method was the

proportionality method.

Comments about solution. Gas laws, problem 3 (Table 203). Students who

used the factor-label method commented about the solution most frequently,

whereas students who used the proportionality method commented least frequently.

Hypothesis 5

There are no significant differences in chemistry problem solving strategies

usedb students who solved the problem correctly versus those who did not.

Data were analyzed according to whether the student gave a correct answer

to the problem. Table 218 gives information on the number.of students getting

each problem correct. Table'219 summarizes the findings and Tables 220-282

.give details when' findings were significant.

Reading/organizing. Gas laws, problem 2 (Table 243). Generally students

who got the problem correct used more of these skills. However, there was a

group of students that used organizing skills frequently who missed the problems.

Rereads or states. Gas laws, problem 2 (Table 243) and stoichirmetry,

problem 2 (Table 456 ). Students who reread or restated the problem more fre-

quently did not work the problem correctly.

Mneumonics. Gas laws, total (Table 250). In general, students who used

mneumonic notation were more likely to get the problem correct.

Systemmatic approach. Moles, problems 1, 3, total (Tables 220, 230, 234)

stoichiometry, all problems (Tables 252, 255, 259, 262) and molarity, problems

1, 3, total (Tables 265, 276, 279). Students who used a systemmatic approach

more frequently got the problem correct.

Arithmetic approach. Moles, all problems, (Tables 220, 225, 230, 234),

and molarity, problem 1 (Table 2C5). Students who got the problem correct more

frequently used an arithmetic approach.

3S5
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Table 218

Distribution of Students According

to Success on Problems

9

326

Unit

Problem 1 Clem 2Prcip\ Problem 3

Correct Incorrect Correct Incorrect Correct Incorrect

Moles 39 35 35 39 12 62

Gas Laws 29 35 17 47 2 62

Stoichiometry 18 48 17 49 5 61

Molarity 19 45 8 56 10 54



ProtocOl Categories

Table 219

Summary of Significant Find:ngs: Problem Solved Correctly

Gas Laws
pia p2b p3c 1<I P1 P2 P3 r P1

Stoichiometry

P2 P3 T P1

Mblarity

P2 P3 T

*Reading/Organizing 518e

.05f

.

a

Rereads or Stating 512 533

.03 .05

Mneumonics 8.01

.05

Production

16.72 7.86 15.37 5.05 5.12 3.73 16.38 6.52 8.35 14.68
Systematic

<.0001 .005 .001 .02 .004 .05 .001 .01 .004 .002

Approach Taught

Arithmetic 13.78 8.19 9.61 21.29 3.79

.0002 .004 .002 .0001 .05

Nonsystematic 7.76 8.99 9.95

.905 .03 .
.02

No Answer 3.92 12.86 4.53 8.70

.05 .005 .03 .03

Strategy .

Algorithmic 5.51 12.15 8.49 10.28 3.94 19.12

.02 .007 .04 .001 .05 .0003

A1g/Reasoning 8.21 8.24 19.74 A1.02 8.55 4.29 13.67 14.87 20.26 12.66 3'.54 38.87 15.43 30.97 44.84

.._.
.004 <.0001 4.0001 4.0001 .004 .04 .003 .0001 4.0001 .0004 '.0001 4.0001 .0001 4.0001 4.0001

Random T fl E 6.59
,

4.%1'71

.01 . .0

Structural Error

Misinterprets 7.37

.01

Disregards given

Disregards gen 3.98
.05

Misapplies
4.02

.04

Not generate 4.84 10.14

.03 .02

3n
38.6



Table 219 (continued)

Summary-of Significant Findings: Problem Solved Correctly__

Moles Gat saws Stoic zip Molarity

Protocol Categories , P1 P2 P3 T .1,1 P2 P3 T P1 P2 P3 T P1 P2 P3 T

*Evaluation 33 209

.002

(1/4,4.

.04

*Comments about Solution 1022 962 522 22.75 676 '510 648 64S 227 '2.60 553 435 13.77

.0001 .0002 .01 <.0001 .003 .02 .0004 .0001 .03 .0001 .02 .0004 .003

* Executive Errors 780 770 682 561 9.40

.02 .03 .0002 .002 .02

*Problems Correct
xl x x X X x x X x x x

*Questions Correct 406 471 234 13.24 14 271 78 12'2 19.23

.002 .02 .03 .004
v--

.02 .001 .002 .005 .0002

*Question w/o Prompting 320 360 140 23.65 307 9.73 283 204 62 14.70 279 109 10.17

.0001 .0004 .0005* <.0001 .004 .02 .03 .001 .02 .002 .02 .02 .02

Structural Errors

Sectio4 1 - 1 x x X X 11.4 X X X 32.92 X X X 24.64 X X X

.02
.0009

section 1 - 2 x x x x 29.75 X X X 26.30 X X X 39.49 X X X

<.0001 <.0001 <.0001

Section 2 1 x x X X X X X 12.40 X X X 25.68 X X

.002 .0003

Section 2 - 2 x x X X X 29.76 X X X 42.81 X X X 13.36 X X

4.0001 .0001 .04

Section 3 - 1 x x X X X X X 20.17 X

.01

Section 3 - 2 X X X X X X 19.96 X X X 38.72 X

.006 <.0001

Section 3 3 X X X X X X X 27.05 X X X 30.29 X

<.0001 <.0001

*Category sum eStatistic

aProblem 1 (Probability level

bProblein 2 gSum of rereads and restates subcategories

cPrOblem 3 hSection on supplementary coding sheet

r-dSum of Problems 1, 2 4 3 iNot meaningful

0

Cot

00
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Table 220

Interview Data Analyses: Mbles Problem 1

Problem Solved Correctly

Problems
Correct

Ttemmatic Approach.
1 Total

Arithmetic Approach
0 1 Total

Nonsystematic Approach
0 1 Total

14a 21 35 22 13 35 27 8 35

40.0b 60.0 47.3 62.9 37.1 47.3 77.1 22.9 47.3

No 100.0c 35.0 75.9 28.9 40.9 100.0

18.9d 28.4 29.7 17.6 36.5 10.8

0 39 39 7 32 39 39 0 39

0 100.0 52.7 17.(.' 84.1 52.7 100.0 0 52.7

Yes 0 65.0 24.111 71.1 59.1 0

0 52.7 9.5 43.2 52:7 0

Total 14 60 74 29 45 74 66 8 74

18.9 81.1 100.0 39.2 60.8 100.0 89.2 10.8 100.0

Chi Square 16.72 Chi Square 13.78 Chi Square 7.76

df 1 df 1 df 1

Phi .510 Phi .460 Phi .367

Significance '.0001 Significance .0002 Significance, .005

Nount
Row percentage

,ciColumn percentage

wrotal percentage

391



Table 221

Intefiriew Data Analyses: Moles Problem i

Problem Solved Correctly

Problems
Correct

No Answer Given

gori c '4-asoning

Strategy

use o
Trial and Error

0 ' 1 Total 0 1 Total 0 1 Tofi

30 5

85.7 14.3

35

47.3

33 2

94.3 5.7

35

47.3

26 9

74.3 25.7

35

47.3

No 43.5 100.0 56.9 12.5 40.6 90.0

40.5 6.8 44.6 2.7 35.1 12.2

39 0 39 25 14 39 38 1 39

100.0 0 52.7 64.1 35.9 52.7 97.4 2.6 52.7

Yes 56.5 0 43.1 87.5 59.4 10.0

52.7 0 33.8 18.9 51.4 1.4

Total 69 5 74 58 16 74 64 10 74

93.2 6.8 100.0 78.4 21.E 100.0 86.5 13.5 100.0

Chi Square 3.92 Square 8.21 Chi Square 6.59

df 1 df 1 df 1

Phi .284 Phi .366 Phi .338

Significance .05 Significance .004 Significance .01



Table 222
C.

Interview Data Analyses: Nbles Problem 1

Problem Solved Correctly

Problems
Correct

Yes

Total

Comments About Solution

0 1

16a 15

45.7b 42.9

30.2c 88.2

21 6d 20.3

37 2

94.9 5.1

60.8 11.8

F0.0 2.7

53 17

71.6 23.0

2

3

8.6

100.0
1.4

0

V 0

4
0

, 3

4.1

Executive Errors

3 Total 0 1 Total

1 35 30 5 3S

2.9 47.3 85.7 14.5 47.3

100.0 (47.2) e 43.5 100.0 (40-3)

1.4 40.5 6.8

0 39 39 0 39

0 52.7 100.0 0 52.7

0 (28.8 . 56.5 0 (35.0)

0 52.7 0
,

1 74 69 5 74

1.4 100.0 93.2 6.8 100.0

Mann-Whitney U 1022 Mann-Whitney U 780

Wilcoxon Rank Sum W 1652 Wilcoxon Rank Sum W 1410

4.67 Z 2.43

Significance <.0001 Significance .02

0

abount
bRow percentage
CioClumn percentage
"Total percentage
Nean lank

333



Table 223

Interview Data Analyses: Moles Problem 1

Problems Solved Correctly

Problems
Correct

Questions Correct

2 3 4 5 6 Total

3 5 94 8 10 35

8.6 14.3 25.7 22.E 28.6 47.3

lio 75.0 71.4 75.0 47.1 29.4 (29.6)

4.1 6.8 12.2 10.8
,
13.5

1 2 3 9 24 39

2.6 5.1 7.7 23.1 61.5 52.7

Yes 25.0 28.6 25.0 52.9 70.6 (44.6)

1.4 2.7 4.1 12.2 32.4

.

'eve

Total 4 7 12 17 34 ,74

5.4 9.5 16.2 23.0 45.9 100.0 -

Mann-Whitney U 406
Wilcoxon Rank Sum W 1036

Z -3.18

Significance .002 .



a

Table 224

Interview Data Analyses: Moles Problem 1

Problems Solved Correctly

PrOblem
Correct

Qdetions Correct Without,Pritinz
0 1 2 3 4 6-'"k7ra

2- ' 4 12 6 6 5 0 4 35

5.7 11.4 34.3 17.1 17.1 14 3 0 47.3

No 66.7 100.0 75.0 -46.2 42.9 27.8 0 , (27.2)

2.7, 5.4 16.2 8.1 8.1 6.8 0
.

1 0 4 7 8 13 5 39

2.6 0 10.3 17.9 20.5 33.3 15.4 52.7

Yes 33.3 0 25.0 53.8 57.1 72.2 100.0 (46.8)

1.4 0' 5.4 9.5 10.8 17.6 8.1

Total 3 4 16 13 14 '18 6 74'

4.1 5.4 21.6 17.6 18.9 24.3 8.1 100.0

Mann- Whitney U 320

Wilcoxon Rank Sum W 950

Z -3.99

, Significance .0001.

395



Table 225

Interview Data Analyses: Moles Problem 2

Problem Solved Correctly

Problems
Correct

Arithmetic Approaclit

Algorithmic
Strategy Only

Aigontbmic
Reasonint Strategy

,0 1 . Total 0 -1;), Total

0

Tatar

24 15 39 15 24 39 55 *4. 39

61.5 38.5 52.7 38.5 61.5 52.7 89.7 10.3 52.7

No 72.7 36.6 38.5 68.6 71.4 16.0

32.4 20.3 20.3 . 32.4 47.3 5.4

9 26 35 . 24 11 35 14 21 ' 35

25.7 74.3 47.3 68.6 31.4 47.3, 40.0 60.0 47.3

. Yes 27.3 63.4 61.5 31.4 28.6 84.0

12.2 35.1 52:4 14.9 18.9 28.4

Total-, 33 41 74 39 35 74 49 25 74

44.6 55.4 100.0 52.7 47.3 100.0 66.2 33.8 100.0

Chi Square 8.19 Chi Square 5.55 Chi Square 18.24

df 1 df 1 df

Phi .36 Phi .30 Phi , .52-,

Significance .004 Significance .02 Signifi4ance <.0001



Interview

Table 226

if

Data Analyttes: .Nbl s Problem 2

Problem Solved Corr tly

Problems

Correct

Disregards
Information Generated

Needed Information
Not Generated

0 1 Total 0 1 'Total

33 6 39 30 9 39

84.6 15.4 52.1 76.9 23.1 52.7

No 48.5
44.,k

100.0
8.1

46.9
40.5

90.0

12.2

35 0 0 35 34 1 35

100.0 0 47.3 97.1 2.9 47.3

Yes 51.5 0 53.1 10.0

47-3 0 , 45.9 1.4

Total 68 6 74 64 10 74

91.9 8.1 100.0 86.5 13.5 100.0

Chi Square 3.98 Chi Square 4.84

df 1 df 1

Phi .28 Phi .29

Significance .05 Significance .03

:39,1



Table 227.

Interview Data Analyses: Moles Problem 2

Problem Solved Correctly

Problems
Correct

Comments About Solution

0 1 2 Total

Executive Errors
0 1 Total

19 ^- 16

48.7 41.0

No 38.0 80.p

25.7 21:6

Yes

Total

31 4

88.6 11.4

62.0 20.0

41.9 5.4

50 20

67.6 27.0

4

10.3
100.0

5.4

0

0

0

0

39

52.7

(44.7)

35

47.3
(29.5)

4 74

100.05.4

Mann-Whitney U
Wilcoxon Rank Sum W

z

Significance

962

1035
3.70

.0002

lik 5 39

87.2 12.8 52.7

49.3 100.0 (39.7)

45.9 6.8

35 - 0 35

100.0 0 47.3

50.7 0 (35.0)

47.3 0

69 5 74

93.2 6.8 100.0

Mann-Whitney U
Wilcoxon Rank Sum

z

Significance

770

W 1225
2.18
.03



Table 228

Interview Data Analyses: Moles Problem 2

Problems Solved Correctly

Problems Questions' Correct

Correct 2 3 4 5- 6 Total

No

Yes

Total

4 - 5 8 8 14 39

10.3 12.8 20.5 20.5 35.9 52.7

100.0 71.4 66.7 47.1 41.2 (32.1)

5.4 ' 6.8 10.8 10.8 18.9

0 2 4 9 20 35

0 5.7 33.3 25.7 57.1 47.3

0 28.6 11.4 52.9 58.8 (43.5)

0 2.7 5.4 12.2 27.0

4 7 12 17 34 74

5.4 9.5 16.2 23.0 45.9 100.0

Mann-Whitney'll 471

Wilcoxon Rank Sum W 1524

Z -2.43

Significance .02

39(J



Table 229

Interview Data Analyses: Moles Problem 2

Problems Solved Correctly

Problems
Correct

Questions Correct Without Prompting

0 2 3 4 5 Total

3 4 12. 5 8 6 1 39

7.7 10.3 30.8 12.8 20.5 15.4 2.6 52.7

No 100.0 100.0 75.0 38.5 57.1 33.3 16.7 (29.2)

4.1 5.4 -16.? 6.8 10.8 8.1 1.4

0 0 4 8 6 12 5 3S

0 0 11.4 22.9 17.1 34.3 14.3 47.3

Yes 3 0 25.0 61.5 42.9 66.7 83.3 (46.7)

0 0 5.4 10.8 8.1 16.2 6.8

Total 3 4 16 13 14 18 35 74

4:1 i 5.4 21.6 17.6 18.9 24.3 47.3 100.0

Ma:An-Whitney U 360

Wilcoxon Rank Sum W 1634

Z -3.55

Significance .0004

i



Problems
Correct-

Table 230

Interview Data Analyses: Nbles Problem 3

Problem Solved Correctly

Systemmatic Approach
0 1 Total

Arithmetic Approach

0 1 TOW

30 32

48.4 51.6

No 100.0 72.7

40.5 43.2

Yes

Total

62

83.8

0 12 12

0 10U.0 16.2

0 27.3

0 16.2

30 44

40.5 59.5

Chi Square
df
Phi

Significance

74

100.0

7.86
1

.36

.005

43

69.4

95.6
58.1

2

16.7
4.4

2.7

45

19 62

30.6 83.8

65.5
25.7

10

83.3
34.5
13.5

29

12

16.2

74

60.8 39.2 100.0

Chi Square
df
Phi
Significance

9.61
I

.40

.002



Table 231

Interview Data Analyses: Moles Problem 3

Problem Solved Correctly

Problems
Correct

Algorithmic.

ReasoninsiStrategtal
0

52 10

83.9 16.1

No 96.3 50.0

70.3 13.5

Yes

Total

2 10

16.7 83.3

3.7 50.0

2.7 13.5

54 20

73.0 27.0

Chi Square
df
Phi

Significance

Comments About Solution

0 1 2 Total

62 32 28 2 62

83.8 51.6 45.2 3.2 83.8

74.4 96.6 100.0 (39.9)

43.2 37.8 2.7

12 11 1 0 12

16.2 91.7 8.3 0 16.2

25.6 3.4 0 (25.0)

14.9 1.4 0

74

100.0

19.74
1

.56

< .0001

43 29 2 74

58.1 30.2 2.7 100.0

Mann-hhitney 1 522

Wilcoxon Rank Sum W 300

Z 2.55

Significance .01



Table 232

Interview Data Analyses: Nodes Problem 3

.Problems Solved Correctly

Problems Questions Correct

Correct 77---77- 3 4 5 6 Total

No

Yes

Total

4 7 12

6.5 11.3 19.4

100.0 100.0 100.0

5.4 9.5 16.2

0 0 0

0 0 0

0 0 0

0 0 0

4 7 12

5.4 9.5 16.2

13 26 62

21.0 41.9 83.8

76.5 76.5 (35.3)

17.6 35.1

4 8 12

33.3 66.7 16.2

23.5 23.5 (49.0)

5.4 10.8

17 34 74

23.0 45.9 100.0

Mann-Whitney U 234

Wilcoxon Rank Sum W 588

Z - -2.15

--Significance .03

4 0 :3



Table 233

Interview Data Analyses: Mbles - Problem 3

Problems Solved Correctly

Questions Correct Without Prompti?-Problems--
Correct 0 1 2 .3 4 6 Total

3 4 16 13 12 8 6 62

4.8 6.5 2S.8 21.0 19.4 12.9 9.7 83.8

No ,100.0 100.0 100.0 100.0 85.7 44.4 100.0 (33.8)

4.1 5.4 21.6 17.6 16.2 10.8 8.1

'- 0 0 0 0 2 10 0 12

0 0 0 0 16.7 83.3 0 16.2

Yes 0 0 0 0 14.3 55.6 0 (56.8)

0 0 0 0 2.7 13.E 0

Total 3 4 16 13 14 18 6 74

4.1 5.4 21.6 17.6 18.9 24.3 8.1 100.0

Mann-Whitney U 140

Wilcoxon Rank Sum W 682
Z -3.47

Significance .0005



Table 234

Interview Data Analyses: Moles Total

Problem Solved Correctly

Problems Systemmatic Approach Arithmetic Approach

Correct 0 1 2 3 Total 0- 1 2 3 Total

6 4 7 10 27 14 5 5 3 27

22.2 14.8 25.9 37.0 36.5 51.9 18.5 18.5 11.1 36.5

0 85.7 50.0 33.3 26.3 (29.9) 60.9 50.0 27.8 13.0 (26.4)

8.1 5.4 9.5 13.5 18.9 6.8 6.8 4.1

1 3 7 5 16 5 3 6 2 16

-6.3 10.8 43.8 31.3 21.6 31.3 18.8 37.5 12.5 21.6

1 14.3 37.5 33.3 13.2 (31.1) 21.7 30.0 33.3 8.7 (32.9)

1.4 4.1 9.5 6.8 6.8 4.1 8.1 2.7

2

3

0 1 7 15 23 4 1 7 11 23

0 4.3 30.4 65.2 31.1 17.4 4.3 30.4 47.8 31.1

0 12.5 33.3 39.5 (14.6) 17.4 10.0 38.9 47.8 (46.4)

0 1.4 9.5- 20.3 5.4 1.4 9.5 14.9

0 0 0 8 8 0 1 0 7 8

0 0 0 100.0 10.8 0 12.5 0 87.5 10.8

0 0 0 21.1 (55.5) 0 10.0 0 30.4 (58.7)

0 0 0 10.8 0 1.4 0 9.5

Total 7 8 21 38 74 23 10 18 23 74

9.5 10.8 28.4 51.4 100.0 31.1 13.5 24.3 31.1 100.0

KW Chi Square 15.37 KW Chi Square 21.29

df 9 df 9

Significance .001 Significance .0001

405
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Problems
Correct

k

\

1

0

.2

Total

Table 235

Interview Data Analyses: Nbles Total

Problem Solved Correctly

Nonlystemmatic Approach
'total

Algorithmic Strategy Only

0 2 3 1 2 3 Total

15 7 3 2 27 6 5 8 8 27

55.6 25.9 11.1 7.4 36.5 22.2 18.5 29.6, 29.6 36.5

28.8 53.8 50.0 66.7 (43.0) 28.6 27.8 40.0. 53.3 (42.6)

20.3 9.5 4.1 2.7 8.1 6.8 10.8 10.8

10 2 3 1 16 1 5 6 4 16

62.5 12.5 18.8 6.3 21.6 6.3 31.3 37.5 25.0 21.6

19.2 15.4 50.0 33.3 (41.3) 4.8 27.8 30.0 26.7 (45.5)

13.5 2.7 4.1 1.4 1.4 6.8 8.1 5.4

19 4 0 0 23 8 7 5 3 23

82.6 17.4 0 0 31.1 34.8 30.4 21.7 13.0 31.1

36.5 30.8 0 0 (32.2) 38.1 38.9 25.0 20.0 (32.6)

25.7 5.4 0 0, 10.8 9.5 6.8 4.1

8 0 0 0 8 6 1 1 0 8

100.0 0 0 0 10.8 75.0 12.5 12.5 0 10.8

15.4 0 0 0 (26.5) 28.6 5.6 5.0 0 (18.3)

10.8 0 0 0 8.1 1.4 1.4 0

52 13 6 3 74 21 18 20 15 74

70.3 17.6 8.1 4.1 100.0 28.4 24.3 27.0 20.3 100.0

KW Chi Square 8.99 KW Chi Square 12.15

df 9 df 9

Significance .03 Significan5e .007

141



Table 236

Interview Data Analyses: Moles

Problem Solved Correctly

Total

Problems,
Algorithmic Reasoning-Strategy

Needed Information Not Generated

Correct -` 0 1 2 3 Totil 0 1 2 Total

0

1

2

25 1 1 0 27 1-5 9 --3-- _ 27

92.6 3.7 3.7 0 36.5 55.6 33.3 11.1

55.6 12.5 10.0 0 (25.3) 28.3 52.9 75.0 ef?3.)

33.8 1.4 1.4, 0 0
20.3 12.2 4.1

13 3 0 0 16 10 5 1 16

81.3 18.8 0 0 21.6 62.5 31.3 6.3 21.6

28.9 37.5 0 0 (28.0) 18.9 29.4 25.0 ( .8)

.17.6 4.1 0 0 13.5 6.8 1.4

7 3 8 5 23 20 3 0 23

30.4 13.0 34.8 21.7 31.1 87.0 13.0 0 31.1

15.6 37.5 80.0 45.5 (48.8) 37.7 17.6
_

0 (31.6)

9.5 4.1 10.8 6.8 27.0 4.1 0

0 1 1 6 8 8 0 0 8

0 12.5 12.5 75.0 10.8 100.0 0 0 10.8

3 0 12.5 10.0 54.5 (65.3) 15.1 0 0 (27.0).

0 1.4 1,4 8.1 10.8 0 0 _

Total 45 8 10 11 74 53 17 5 74

60.8 10.8 13.5 14.9 100.0 71.6 23.0 5.4 100.0

KW Chi Square 41.02

df 9

Significance <.0001

KW Chi Square 10.14

df 6

Significance .02



Table 237

Interview Data Analyses: Moles

Problem Solved Correctly

Total

Problems
Comments About Solution

Correct

1

2

3

Total

0

0 1 2 3 4

5 6 5 9 1

..
18.5 22.2 18.5 33.3 3.7

16.1 31.6 62.S 69.2 50.0

6.8 8.1 6.8 12.2 1.4

6 3 2 4 1

37.5 18.8 12.5 25.0 6.3

19.4t 15.8 25.0 30.8 50.0

8.1 4.1 Z.7 5.4 1.4

12 10 1 0 0

52.2 43.5 4.3 0 0

38.7 52.6 12.5 0 0

16.2 13.5 1.4 0 0

8 0 0 0 0

100.0 0 0 0 0

25.8 0 0 0 0

10.8 0 0 0 0

31 19 8 13 2

41.9 25.7 10.8 17.6 2.7

5 Total

KW Chi Square 22.76

df 15

Significance < .0001

1 27

3.7 36.5

100.0 (49.3)

1.4

0 16

0 21.6

0 (41.3)

0

0 23

0 31.1

0 ,(28.5)

0

0 8

0 10.8

0 (16.0)

0

1 74

1.4 , 100.0

U)



Table 238

Interview Data Analyses: /4:4es -_Total
Problems Solved Correctly

Problems qrstions Correct

Correct 2 4 5 6 Total

0

2

3 4 8 6 6 27

11.1 14.8 29.6 22.2 22.2 36.5

75.0 57.1 66.7 35.3 17.6 (26.5)

4.1 5.4 10.8 3.1 8.1

1 2 1 3 9 16

6.3 12.5 6.3 18.8 56.3 21.6

25.0 28.6 8.3 s. 17.6 26.5 (40.6)

1.4 2.7 1.4 4.1 12.2

0 1 3 5 14 23

0 4.3 13.0 21.7 60.9 31.1

0 14.3 25.0 29.4 41.2 (44.6)

0 1.4 4.1 6.8 18.9

0 0 0 3 5 8

0 9 0 37.5 62.5 10.8

3 0 0 0 17.6 14.7 (47.9)

0 0 0 4.1 6.8

Total 4 7 12 17 34 74

5.4 9.5 16.2 23.0 4S.9 100.0

KW Chi Square 13.24

df 12

Significance .004

4 0'i



Table 239

Interview Data Analyses: Nbles - Total

Problems Solved Correctly

Problems
Correct

0

2 4

7.4 14.8

66.7 100.0

2.7 5.4

1 0

6.3 0

1 33.3 0

1.4 0

0 0

0 0

2 0 0

0 0

0 . 0

0 0

3 0 0

0 0

Total 3 4

4.1 5.4

estions Correct Without Pro t

of

10 4 5 2 0 27

37.0 14.8 18.5 7.4 0 36.5

62.5 30.8 35.7 11.1 0 (23.6)

13.5 5.4 6.8 2.7 0

4 3 3 4 1 16

25.0 18.8 18.8 25.0 6.1
)
21.6

25.0 23.1 21.4 22.2 16.7 (37.1)

5.4 4.1 4.1 5.4 .1.4

2 6 5 5 5 23

8.7 26.1 21.7 21.7 21.7 31.1

12.5 46.2 35..7 . 27.8 83.3 (47.1)

2.7 .8.1 6.8 6.8 6.8

0 0 1 7 0 8

0 0 12.5 87.5 0 .10.8

3 0 '0 7.1 38.9 0 (57.5Y

0 0 1.4 9.5 0

,

16 13 14 18 6 74

- 21.6 17.6 18.9 24.3 8.1 *0.0

KWChi Square 23.65

df 18

Significance < .0001

410



Yes

Total

4

Table 240

IntervieW9Data Analyses: Gas Laws - Problem 1

Problem Solved Correctly

Algorithmic Reasoning
Strategy Comments about Solution Executive Errors

0 1 Total 0 1 . Total 0 T Total

27 8 35 21 14 35 23 12 35

77.1 22.9 54.7 60.0 40.0 54.7 65.7 34.3 54.7

71.1 30.8 43.8 87.5 (37.3) 44.2 100.0 (37.5)

42.2 12.5 32.8 21.9 35.9 18.8

11 18 29 27 2 29 29 0 29

37.9 62.1 45.3 93.1 6.9 45.3 100.0 0 45.3

'28.9 69.2 56.3 12.5% (26.7) 55.8 0 (26.5)

17.2 28.1 42.2 3.1 45.3 0

4

38 ,26 64 48 16 64 52 12: 64

59.4 40.6 100.00 75.0 25.0 4100.0 81.3 18.8 100.0.

Chi Square 8.55 Diann Whitney `U 676 Mara Whitney U 682

4f 1 Wilcoxon Rank Sum W 774 Wilcoxon Rank Sun W 768

Phi .40 3.02 Z 3.47

Significance .004 Significance .003 Significance .0005

4.

411



Table 241

Interview Data Analyses: Gas Laws - Problem 1

Problem Solved Correctly

Problems questions Correct Without ProTpti?

Correct U 1 2 3 Total

3 5 14 11 2 35

8.6 14.3 40.0 31.4 5.7 54.7

No 100.0 62.5 73.7 42.3 25.0 (26.8)

4.7 7.8 21.9 17.2 3.1

0 3 5 15 6 29

0 10.3 17.2 51.7 20.7 45.3

Yes. 0, 37.5 26.3 57.7 75.0 (39.4)

0- 4.7 7.8 23.4 9.4

3 8 19 26 8 64

Total 4.7 12.5 29.7 40.6 12.5 100.0

Mann-Whitney U 307

Wilcoxon Ralik Sum W 1143

Z -2.84

Significance .004

4



Table 242

Interview Data Analyses: Gas Laws Problem 1

Problem Solved Correctly

Problem Structural Error 1
Structural Error 2

Correct 0 1 2 3 4 Total 0- 1 2 3 Total

1 a 11 8 1 14 35 5 1 17 12 35

2.9b 31.4 22.9 2.9 40.0 54.7 14.3 2.9 48.6 34.3 54.7

No 100.0c 57.9 100.0 100.0 40.0 100.0 100.0 100.0 29.3

1.6d 17.2 12.5 1.6 21.9 7.8 1.6 26.6 18.8

0 8 0 0 21 29 0 0 0 29 29

0 27.6 0 0 72.4 45.3 0 0 0 100.0 45.3

Yes 0 42.1 0 0 60.0 0 0 0 70.7

0 12.5 0 0 32.8 0 0 0 45.3

Total 1 19 8 1 35 64 5 1 17 41 64

1.6 29.7 12.5 1.6 54.7 100.0 7.8 1.6 26.6 64.1 100.0

Chi Square 11.4 Chi Square 29.75

df df 3

V .42f V .68

Significance .02 Significance <.0001

aCount
bRow percentage
cColumn percentage
dTotal percentage
xCramer's V

4 13



Table 243

Interview Data Analyses: Gas Laws Problem 2

Problem Solved Correctly

Problems
Correct

No

Yes

Total

Reading/Calnizing Skills
0 1 3 4 Total

Rereadint/Statin! Problem

0 Total

5 24 16 2

10.6 51.1 34.0 4.3

55.6 68.6 94.1 100.0

7.8 37.5 25.0 3.1

4 11 1 0

23.5 64.7 5.9 0

44.4 31.4 5.9 0

6.3 17.2 1.6 0

9 35 17 2

14.1 54.7 26.6 3.1

0

0

0

0

1

5.9

100.0
1.6

1

1.6

Winn-Whitney U 518

Wilcoxon Rank Sum W 434
Z 1.99

Significance .05

47

73.4
(35.0)

17

26.6
(25.5)

64

100.0

30 17 0 47

6:.8 36.2 0 73.4

65.2 100.0 0 (34.9)

46.9 26.6 0

16 0 1 17

94.1 0 5.9 26.6

34.8 0 100.0 (25.9)

25.0 0 1.6

46 17 1 64

71.9 26.6 1.6 100.0

Mann-Whitney U 512

Wilcoxon Rank Sum W 440
Z 2.19

Significance .03

41.1



Problem
Correct

Table 244

Interview Data Analyses: Gas Laws - Problem 2

Problem Solved Correctly

Convents about Solution

0 1

Executive Errors

34 12 1 47

72.3 25.5 2.1 73.4

No 66.7 100.0 100.0 (34.9)

53.1 18.8 1.6

Yes

Total

17 0 0 17

100.0 0 0 26.6

33.3 0 0 (26.0)

26.6 U 0

51 12 1 64

79.7 18.8 1.6 100.0

Mann-Whitney U 510

Wilcoxon Rank Sum W 442
2.40

Significance .02

28 19 47

59.6 40.4 73.4

62.2 100.0 (35.9)

43.8 29.7

17 0 17

100.0 0 26.6

37.8 0 (23.0)

26.6 0

45 19 64

70.3 29.7 100.0

Mann-Whitney U 561

Wilcoxon Rank Sum W 391

Z 3.10

Significance .002

415



Table 245

Interview Data Analyses: Gas Laws - Problem 2

Problem Solved Correctly

Problems Structurallirror 2

Correct 1 2 3 4 5 Total

S 3 2 20 6 11 47

10.6 6.4 4.3 42.o 12.8 23.4 73.4

No 100.0 100.0 100.0 100.0 100.0 39.3

7.8 4.7 3.1 31.3 9.4 17.2

0 .0 0 0 0 17 17

0 0 0 0 0 100.0 26.6

Yes 0 0 0 0 0 60.7

0 0 ,0 0 0 26.6

Total 5 3 2 20 6 28 64

7.8 4.7 3.1 31.3 9.4 43.8 100.0

Chi Square 29.76

df 5

V .68

Significance (.0001



Table 246

Interview Data Analyses: Gas Laws Problem 3

Problem Solved Correctly

Problems
Correct

gore

0
Stratefy

.

$2 10

83.9 16.1

No 100.0 83.3

81.3 15.6

Yes

Total

0 2

0 100.0

0 16.7

0 3.1

52 12

81.3 18.8

Chi Square
df
Phi
Significance

asoning

Taal

62

96.9

sinterprets
Problem

otal

Evaluation Sum

.0 1 Toi

61 1 62

98.4 1.6 96.9

96.8 100.0

95.3 1.6

2 2

100.0
3.2

3.1

3.1

64,

100.0

4.29
1

.37

.04

0 2

0 3.1

0
0

63 1

98.4 1.6

Chi Square
df
Phi
Significance

60
96.8

98.4
93.8

1

50.0
1.6

1.6

2

3.2
66.2
3.1

1

50.0
33.3
1.6

62
96.9
(32.0)

2

3.1
(47.0)

64 61 3 64

100.0 95.3 4.7 100.0

7.37 Mann-Whitney U 33

1 Wilcoxon Rank Sum W 94

.02 Z -3.06

.007 Significance .002

417



Table 248

Interview Data Analyses: Gas Laws - Problem 3

Problem Solved Correctly

Problems Questions Correct

Correct Z 3 4- Total

No

S 43 14 62

8.1 69.4 22.6 96.9

100.0 100.0 87.5 (31.7)

7.8 67.2 21.9

0 0 2 2

0 0 100.0 3.1

Yes 0 0 12.5 (56.5)

0 0 3.1

Total 5 43 16 64

7.8 67.2 25.0 100.0

::inn- Whitney U 14

Wilcoxon Rank Sum W 113

Z -2.24

Significance .02



Table 249

Interview Data Analyses: Gas Laws - Problem 3

Problem Solved Correctly

Problems Structural Error 2

Correct 0 1 2 3 4 7 8 9 Total

26 1 9 1 13 4 3 5 62

41.9 1,6 14.5 1.6 21.0 6.5 4.8 8.1 96.9

No 100.0 100.0 100.0 100.0 100.0 66.7 100.0 100.0

40.6 1.6 14.1' 1.6 20.3 6.3 4.7 7.8

0 0 0 0 0 2 0 0 2

0 0 0 0 0 100.0 0 a 3-1

Yes 0 0- 0 0 0 33.3 0 0

0 0 0 0 0 3.1 0 0

Total 26 1 9 1 13 6 3 5 64

40.6 1.6 14.1 1.6 20.3 9.4 4.7 7.8 100.0

Chi Square 19.96

df 7

V .59

Significance .006

4 1 a



Table 250

Interview Data Analyses: Gas Laws Total

Prbbiem Solved Correctly

Problems Use of Nheumonic Notation Algorithmic Reasoning StrategyStrategy

CorrectCorrect 0 1 2

3 13

18.8 9.4 40.6
85.7 37.5 46.4

-9-.4. CI- 20.3

0 2 11

0 11:1 61.1

0 25.0 39.3
0 3.1 17.2

1 2 4

8.3 16.7 33.3

14.3 25.0 14.3

1.6 3.1 6.3

0 1 0

0 50.0 0

0 12.5 0

0 1.6 0

7 8 28

10.9 12.5 43.8

0

1

2

3

Total

3 Total 0 1 ,
3

10 32 19

31.3 50.0 59.4

47.6 ___(29,0) 63.3

15.6 29.7

5 18 9

27.8 28.1 50.0
23.8 (39.0) 30.0

7.8 14.1

5 12 2

41.7 18.8 16.7

23.8 (33.7) 6.7

7.8 3.1

1 2 0

50.0 3.1 0

4.8 (23.0) 0

1.6 0

21 64 30

32.8 100.0 46.9

KW Chi Square 8.01

df 5

Significance .05

7 4 2 32
21.9 12.5 6.3 504

-70.0--- -25.0-- 25.0 (26.44

10.9 6.3 3.1

1 7 1 Al
5.6 38.9 5.6 28.1

10.0 43.8 12.5 (31.1q

1.6 10.9 1.6

2 5 3 12
16.7 41.7 25.0 18.$
20.0 31.3 37.5 (434
3.1 7.8 4.7

0 0 2 2'

0 0 100.0 3.1
0 0 25.0 (604
0 0 3.1

10 16 8 64
15.6 25.0 12.5 100.0

KW Chi Square 13.67

df 9

Significance .003

4 4 t)



Table 251

Interview Data Analyses: Gas Laws Total

Problem Solved Correctly

Problems

Correct

Executive Errors
0

Q.aestionsCorrectWithoro_
y

0 1 2 3 Total
of

15 10 5 2 / 32 3 5 12 11 1 32

46.9 31.3 15.6 6.3 '50.0 _ -9.4_ 15.6 _37.5 24.4 3,1 -50-A-

01--- -393- 52.6 100.0 100.0 (37.5) 100.0, 62.5 3.2 42.3 12.5 (26.1)

23.4 15.6 7.8 3.1 , 4.7 7.8 18.8 17.2 1.6

10 8 0 0 18 0 1 5 8 4 18

55.6 44.4 0 0 28.1 0 5.6 27.8 44.4 22.2 q 28.1

26.3 42.1 0 0 (32.2) 0 12.5 26.3 30.8 50.0 (39.0)

15.6 12.5 0 0 0 1.6 7.8 12.5 6.3

11 1 0 U 12 0 2 2 6 2 12

91.7 8.3 0 0 18.8 0 16.7 16.7 50.0 16.7_ 18.8

28.9 5.3 0 0 (21.9) 0 25%0 10.5 23.1 25.D" (36.6)

17.2 1.6 0 0 0 3.1 3.1 9.4 3.1

2 0 0 0 . 2 0 0 0 1 1 2

100.0 0 0 0 3.1 0 0 0 50.0 50.0 3.1

3 5.3 0 0 0 (193) 0 0 0 3.8 12.5 (52.0)

. 3.1 0 0 0 0 0 0 1.6 1.6

Total 38 19 5 2 / 64 3 8 19 26 8 64

59.4 29.7 7.8 3.1 100.0 4.7 12.5 29.7 40.6 12.5 100.0

KW Chi Square 9.40 KW Chi Square 9.73

df 9
df 12

Significance .02 Significance .02

421



Table 252

Interview Data Analyses: Stoichiometry
Problem Solved Correctly

Algorithmic Reasoning

Problem 1

--SrAelmatirota
Strategy Comments About Solution

0 0 1 Taal 0 1 - Total

18 30 48 41 7 48 17 30' 1

37.5 62.5 72.7 85.4 14.6 72.7 35.4 62.5 2.1 72.7

94.7 63.8 87.2 36.8 51.5 96.8 50.0 (38.0)

27.3 45.5 62.1 10.6 25.8 45.5 1.5

1 17 18 6 12 18 16 1 1 18

5.6 94.4 27.3 33.3 66.7 27.3 88.9 5.6 5.6 27.3

5.3 36.2 12.8 63.2 48.5 3.2 50.0 (21.5)

1.5 25.8 9.1, 18.2 24.2 1.5 1.5

19 47 66 47 19 66 33 31 2 66.

28.8 71.2 100.0 71.2 28.8 100.0 50:0 47.0 3.0 100.0

Chi Square Chi Square 14.87 Mann- Whitney U 648

df 1 df 1 Wilcoxon Rank Sum W 386

Phi .31 Phi .51 3.54

Significance .02 Significance .0001 Significance .0004

\ 4 2



Table 253

Interview Data Analyses: Stoichianetry Problem 1

Problem Solved Correctly

Problems Questions Correct Without Prompting'

Correct 0 17 2- . 3 4 Total

No

otal

2 10

4.2 20.8
50.0 100.0

3.0 15.2

2 0

11.1 0

50.0 0

3.0 0

4 10

6.1 15.2

15 19 2 48

31.3 39.6 4.2 72.7

78.9 76.0 25.0 (30.4)

22.7 28.8 3.0

4 6 6 18 .

22.2 33.3 33.3 27.3

21.1 24.0 75.0 (41.8)

6.1 9.1 9.1

19 25 8

28.8 37.9 12.1

Mann-Whitney U 283

Wilcoxon Rank Sum W 752

Z -2.24

Significance .03

66

100.0

I
4.-9 3



424

,

1W

Table 254

Interview Data Analyses: Stoichiametry - Problem 1

Problem Solved Correctly

Problems
Corfett

Structural Error - 2 Structural Error 1

0 I 3 Total 0 1 2 3 Total

9

18.8

14 4

29.2 8.3

21

43.8

48
72.7

2

4.2

7 11

V14.6 22.9

28
58.3

48
72.7

No 100.0 43.8 100.0 100.0 100.0 30.4 84.6 100.0

13.6 21.2 6.1 31.8 3.0 10.6 16.7 42.4

0 18 0 0 18 0 16 2 0 18

0 100.0 0 0 27.3 G 88.y 11.1 0 27.3

Yes 0 56.3 0 0 -0 69.6 15.4 0

0 27.3 0 0 0 24.2 3.0 0

Total 9 32 4 21 2 23 13 28 66

13.6 48.5 6.1 31.8 100.0 3.0, 34.8 19.7 42.4 100.0

Chi Square 26.30 Chi Square 32.92

df 3 if . 3

V .63 V .71

Significance .0001 Significance <.0001



Table 255

Interview Data Analyses: Stoichiametry Problem

Problem Solved Correctly

2

Algorithmic Reasoning

Problems Rereading/Sta4ng Problem Systenunatic Approach Strategy

Correct 0 1 2' Total 0 Total 0 1 Total

' 24 24 1 49 20 29 49 42 7 49

49.0 49.0 2.0 74.2 4(i.8 59.2 74.2 85.7 14.3 74.2

64.9 85.7 100.0 (35.9) 100.0 63.0 91.3 35.0

36.4 36.4 1.5 30.3 43.9 63.6 10,6

13 4 0 17 0 17 17 4 13 17

76.5 Z3.5 0 25.8 0 100.0 25.8 23.5 76.5 25.8

Yes 35.1 14.3 0 (26.6) 0 37.0 8.7 65.0

19.7 6.1 0 0 25.8 6.1 19.7

37 28 1 66 20 46 66 4o 20 66

56.1 42.4 1.5 100.0 30.3 69.7 100.0 69.7 30.3 100.0

Namn-Ubitney U 533 Chi Square 8.12 Chi Square 20.26

df 453 df 1 df 1

Phi_ 1.97 V .39 Phi , .59

Significance .05 Significance .004 Significance <.0001

4 9t,



Table 256

Interview Data Analyses: Stoichiometry
Problem Solved Correctly

Problem 2

Problems
Correct

Use of Random
Trial and Error Comments About Solution

'Total

Structural Error - 2
-1CTITITE-

0 1 Total 0 1 2- 0 1 3

35 14 49 19 28 2 49 13 6 12 18 49

71.4 28.b 74.2 38.8 57.1 4.1 _74.2' 26.5 12.2 24.5 36.7 74.2

No 67.3 100.0 54.3 96.6 100.0 (38.2) 109.0 26.1 100.0 100.0

53.0 21.2 28.8 42.4 3.0 19.7 9.1 18.2 27.3

17 0 17 6 1 0 17 0 17 0 0 17

100.0 0 25.8 94.1 5.9 0 25.8 0 100.0 0 0 25.8

Yes 32.7 0 45.7 3.4 0 (19.9) 0 73.9 0 0

25.8 0 24.2 1.5 0 0 25.8 0 0

Total 52 14 66 3S 2 66 13 23 12 18 66

78.8 21.2 100.0 53.0 3.9 3.0 100.0 19.7 34.8 18.2 11 7 100.0

Chi Square 4.57 Mar. -Vhitney U 648 Chi Square 42.81

df .1 Wilccxon Rank Sum W 338 df 3

Phi .30 ., 3.88 V - .80

Significance .03 Significance .0001 Significance .= .0001

9



Table 257

Interview Data Anlyses: Stoichiametry Problem 2

Problem Solved Correctly

Problems
Correct

Structural Error - 1

0 T- 2 RAW

2 19 ,. 28 49

4.1 38.8 57.1 74.2

No 100.0 55:9 93.3

3.0 28.8 42.4

0 15 2 17

0 88;2 11.8 25.8

Yes 0 44.1 6.7

0 22.7 3.0

Total 2 34 30 , 66

3.0 51.5 45.5 100.0

Chi Square 12.40

df 2

V .43

Significance .002

-

4 9"



Table 258

Interview Data Analyses: Stoichiometry - Problem 2

Problem Solved Correctly

q WithoutProblems
Correct

(questions Correct WithouPiampting
U 3 4 Total

Yes

Total

4 10 16 15

8.2 20.4 32.7 30.6

100,-0 100.0 84.2 60.0

6.1 15.2 24.2 22.7

0 0 3 ` 10
0 0 17,6 58.8

0 0 15.8 40.0

0 0 4.5 15.2

4 10 19 25

6.1 15.2 28.8 37.9

Mann-Whitney U 204

Wilcoxon Rank Sum W 782

Z -3.25

Significance .001

4 49

8.2 74.2

50.0 (29.2)

6.1

4 17

23.5 25.8

50.0 (46.0)

6.1 r

8 66

12.1 100.0

4 o



Table 259

Interview Data Analyses: Stoichiometry Problem 3

Problem Solved Correctly

Systemmatic ch

gore sic easoning
Strategy Comments About Solution

0 1 Total 0 1 Total 0 1 Vital

34 27 61 55 6 61 19 42 61

55.7 44.3 92.4 90.2 9.8 92.4 31.1 68.9 92.4

100.0 84.4 98.2 60.0 82.6 97.7 (34.7)

51.5 40.9 83.3 9.1 28.8 63.6

0 5 1 4 S 4 1 5

0 100.0 7.6 20.0 80.0 7.6 80.0 20.0 7.6

0 15.6 1.8 40.0 17.4 2.3 (18.6) '

0 7.6, 1.5 6.1 6.1 1.5

34 32 66 56 10 66 23 43 66

51.5 48.5 100.0 84.8 15.2 100.0 34.8 65.2 100.0

,

Chi Square
.df'

Phi
Significance

3.73
1

. 29

. 05

Chi Square
df
Phi

Significance

12.66 Mann-Whitney U

1 Wilcoxon Rank Sum W

.52 2

.0004 Significance

227
93

.07

.03



Table 260

Interview Data Analyses: Stoichiametry - Problem 3
Problem Solved Correctly

Problems
Correct 0

qrstions Correct Without Prnting
2, 3 -Total

Yes

4 10 18 24 5 61

6.6 16.4 29.5 39.3 8.2 92.4

100.0 100.0 94.7 96.0 62.5 (32.0)

6.1 15.2 27.3 36.4 7.6'

0 0- 1 1 3 5

0 0 20.0 20.0 60.0 7.6

0 0 5.3 4.0 37.5 (51.5)

0 0 1.5 1.5 4.5

Total 4 10 19 25 8 66

6.1 15.2 28.8 37.9 12.1 100.0

Mann-Whitney U 62

Wilcoxon Rank Sum W 257

Z -2.28

Significance .02



Table 261

InteView Data Analyses: Stoichiometry Problem 3

Problem Solved Correctly

Froblems
Structural Error - 3

Correct 0 1 2 3

No

38 6 10 7 61

62.3 9.8 16.4 11.5 92.4

100.0 54.5 100.0 100.0

57.6 9.1 15.2 10.6

0 5 0 0 5

0 100.0 0 0 7.6

Yes 0 45.5 0 0

0 7.6 0 0

Total 38 11 10 7 66

57.6 16.7 15.2 10.6 100.0

(hi Square 27.05

df 3

V .64

Significance <.0001

433



Problems
Correct

3

Total

Table 262

Interview Data Analyses: Stoichicmetry Total

Problem Solved Correctly

Systemmatic Approach No Answer Given

0 f 3 Total 0 1 2 3 Total

14 8 6 12 40 25 7 4 4 40

35.0 20.0 15.0 30.0 60.6 62.5 17.5 10.0 10.0 60.6

93.3 100.0 50.0 38.7 (26.4) 53.2 70.0 100.0 80.0 (39.2)

21.2 12.1 9.1 1t8.2 37.9 10.6 6.1 6.1

1. 0 4 11 16 14 1 0 1 16

6.3 0 25.0 68.8 24.2 87.5 6.3 0 6.3 24.2

6.7 0 33.3 35.5 (42.9) 29.8 10.0 0 20.0 (26.8)

1.5 0 6.1 16.7 21.2 1.5 0 1.5

0 0 2 4 6 4 2 0 0 6

0 , 0' 33.3, 66.7 9.1 66.7 33.3 0- 0 9.1'

0 0 16.7 12.9 (43.8) 8.5 20.0 0 0 (21.5)

0 0 3.0 6.1 6.1 3.0 0 0

v

0 0 0 4 4 4 . 0 0 0 4

0 0 0 100.0 6.1 100.0 0 0 0 6.1

0 0 0 12.9 (51.0) 8.5 0 0 0 (21.5)

0 0 0 6.1 6.1 0 0 0

15 8 12 31 66 47 10 4 5 66

22.7 12.1 18.2 47.0 100.0 71.2 15.2 6.1 7.6 100.0

KW.Chi Square J6.38 KW Chi Square 12.86

df 9 df 9

Significance .001 Significance .005

a

434



Table 263

Interview Data Analyses*: StoichiOmetry Total

Problem Solved Correctly

Problems Algorithmic Strategy Only

Correct , 0 1 2 Total 0

16 11 6_ 7 40 3

40.0 27.5 15.0 17.5 60.6 7.5

0 53.3 78.6 50.0 70.0 (34.8) 25.0

24.2 16.7 9.1 10.6 4.5

1

2

Total

5 3 5' 3 16

31.3 18.8 31.3 18.8 24.2

16.7 21.4 41.7 30:0 (39.2)

7.6 4.5 7.6 4.5

3

18.8
25.0

5 0 1 0 6 3

83.3 0 16.7 0 9:1 50.

16.7 0 8.3 0 (21.3) 25.0

7.6 0 1.5 0 4.5

4 0 0 A 4 3

100.0 0 0 0 .6.1' 75.0

13.3 0 ,0 0 (15,5) 25.0

6.1 0 0 0 4.5

30 14 12 10 66 12

45.5 21.2 18.2 15.27-'100.0 18.2

Comments About Solution

1 -2 3 4 TOW

8 8 21
)0

40

20.0 20.0 52.5 0 60.6

40.0 66.7 100.0 0 (41.6)

12.1 12.1 931.8 ,0

8 4 0 1 16

50.0 25.0 0 6.3 24.2

40.0 33.3 0 00.0 (26.2)

12.1 6.1 0 1.5

3 0 0 0 6

50.0 0 0 0 9.1

15.0 0 0 0 (14.5)

4.5 0 0 0

1 0 0 0 4

25.0 0 0 0 .6.1

5.0 0 0 0 (10.5)

1.5 0" 13 0

i

20 - 12 21 1 66

30.3 18.2 31.8 1.5 100.0

KW Chi Square
df
Significance

8.49

9
.04

KW Chi Square
df
Significance

22.60
6

.0001

437



Table 264

Interview Data Analyses: -Stoichiometry - Total

Problem Solved Correctly

Problems Questions Correct Without Prompting Algorithmic Reasoning Strategy

Correct 0 1 2 3 4 Total 0 1 2 3 Total

0

2

3

10 15 12 1 40 36 1 3 0 40

5.0 25.0 37.5 30.0 2.5 60.6 90.0 -2.5 7.5 0 60.6

50.0 100.0 78.9 48.0 12.5 (26.9) 80.0 33.3 37.5 0 (25.8)

3.0 15.2 22.7 18.2 1.5 54.5 1.5 4.5 0

2 0 1 9 4 16 8 2' 3 3 16

12.5 0 6 7 56.3 25.0 -24.2 50.0 12.5 18.8 18.8 24.2

50.0 0 5.3 36.0 50.0 (43.3) 17.8 66.7 37.5 30.0 (38.8)

3.0 0 1.5 13.6 6.1 12.1 3.0 4.5 4.5

0 0 2 .4 0 6 1 , 0 1 4 6

0 0 33.3 e&.7 0 9.1 16.7 0 .6.7 65.7 9.1

0 0 10.3 16.0 0 (38.7) 2.2 0 .12.5 40.0 (53.6)

0 0 3.0 6.1 0 1.5 0 1.5 6.1

0 0 1 0 3 ^4 0 0 1 3 4

0 0 25.0 0 75.0 6.1 0 0 25.0 75.0 6.1

0 0 5.3 0 37.5 (52.9) 0 0 12.5 30.0 (59.3)

0 0 1.5 0 4.5 0 0 1.5 4.5

Total 4 10 19 25 8 66 45 3 8 10 66

6.1 15.2 28.8 37.9 12.1 100.0 68.2 4.5 12.1 15.2 100.0

KW Chi Square 14.70 1W Chi Square 31.54

df 9 cif 9

Significance .002 Significance <.0001



A

Problems Systemm4tic Approach

Correct 0 1 Their-

Table 265'

Interview Data Analyses: Mblarity Problem 1

Problem Solved Correctly

Arithmetic Approach
0 1 Total

Algorithmic 'strategy
Only

0 1 Total

15 30

33.3 66.7

No 10C.0 61.2

23.4 46.9

0 19

0 100.0

Yes 0 38.8

0 29.7

45 23 22

70.3 51.1 48.9

85.2 59.5

35.9 34.4

19 4 15

29.7 21.1 78.9

14.8 40.5

6.3 23.4

Total 15 49 64

23.4 76.6 100.0

Chi Square 6.52

df 1

Phi .36

Significance .01

45 19 26 45

70.3 42.2 57.8 70.3

52.8 92.9

29.7 40.6

19 17 2 19

29.7 89.5 10.5 29.7

47.2 7.1

26.6 3.1

27 37 64

42.2 57.8 100.0

Chi Square
df
Phi

Significance

3.79
1

.28

.05

36 28

56.3 43.8

,Chi Square
df
Phi

Significance

64

100.0

10.28
1

.43

001



Table 266

Interview Data Analyses: Mblarity
Problem Solved Correctly

Problem 1

gore n c "asoning sapp ies ormation

Problems Strategy Generated Comments About Solution

Correct 0 Total 0 1 Total 0 I Total

42 3 45 34 11 45 27 18 45

93.3 6.7 70.31 75.6 24.4 70.3 60.0 40.0 70.3

No 95.5 15.0 64.2 100.0 61.4 90.0 (35.3)

65.6 4.7 53.1 17.2 42.2 28.1

2 17 19 19 0 19 17 2 19

10.5 89.5 29.7 100.0 0 29.7 89.S 10.5 29.7

Yes 4.5 85.0 35.8 0 38.6 10.0 (25.9)

3.1 26.6 29.7 0 26.6 3.1

Total 44 20 64 53 11 64 44 20 64

68.8 31.3 100.0 3 82.8 17.2 100.0 68.8 31.3 10010

.,

Chi Square 38.87 Chi Square 4.02 Mann-Whitney U 553

df 1 df 1 Wilcoxon Rank Sun W 491

Phi .82 Phi .30 Z 2.30

Significance <.0001 Significance .04 Significance .02



sr

Table 267

Interview Data Analyses: Molarity - Problem 1

Problem Solved Correctly

Problems
Correct

Questions Correct
3 4

No

Yes

Total

5

11.1
83.3
7.8

24

53.3
96.0
37.5

10

22.2

45.5

15.6

5 Totil

6 45

13.3 70.3
54.5 (27.8)

9.4

I
Questions Correct Without Prompting

2 3 4 Total

3 7 17 12 4 2 45

6.7 15.6 37.8 26.7 ,8.9 4.4 70.3

100.0 100.0 68.0 75.0 50.0 40.0 (29.2)

4.7 10.9 26.6 18.8 6.3 3.1

1 1 12 5 19 0 0 8 4, A 3 19

5.3 5.3 63.2 26,3 29.7 0 0 42.1 21.1 21.1 15.8 29.7

16.7 4.0 54.5 45.5 (43.6) 0 Q 32.0 25.0 50.0 60.0 (40.3)

1.6 1.6 18.8 7.8 0 0 12.5 6.3 6.3 4.7

6 25 22 11 64 3 7 25 16 8 5 64

9.4 39.1 34.4 17.2 100.0 4.7 10.9 39.1 25.0 12.5 7.8 100.0

Mann-Whitney U 217

Wilcoxon Rank Sum W 827

-3.26

Significance .001

Mann-Whitney U 279

Wilcoxon Rank Sum W 766
-2.27

Significance .02



Table 268

Interview Data Analyses: Nblarity Problem 1

Problem Solved Correctly

Problems Structural Error 1

Correct 0 1 3 4 6 8 9 Total

7 8 4 1 2 2 8 13 45

15.6 17.8 8.9 2.2 4.4 4.4 17.8 28.9 70.3

No 100.0 100.0 100.0 100.0 100.0 66.7 100.0 41.9

10.4 12.5 6.3 1.6 3.1 3.1 12.5 20.3

Yes

0

0

0

0

o o

o 0

0 0 1 0 18 19

0 0 5.3 0 94.7 29.7

0 0 33.3 0 58.1

0 0 1.6 0 28.1

Total 8 4 1 2 3 8 31 64

10.9 12 -5 6.3 1.6 3.1 4.7 12.5 48.4 100.0

Chi Square 24.64

df 7

V .p2

Significance .0009

41 1



Table 269

Interview Ddta Analyses: Molirity Problem 1

Problem Solved Correctly

Problems
Structural Error 2

Correct 0 1 6 9 Total

'10 2 7 14 4 7 1 45

22.2 4.4 15.6 31.1 8.9 15.6 2.2 70.3

No 100.0 100.0 100.0 100.0 100.0 26.9 100.0

15.6 3.1 10.9 21.9 6.3 10.9 1.6

.
0 0 0 0 0 19 0 19

0 0 0 0 0 100.0 0 29.7

Yes 0 0 0 0 0 73.1 0

0 0 0 0 0 29.7 0

Total 10 2 7 14 4 26 1 64

15.6 3.1 10.9 21.9 46.3 40.6 1.6 100.0

Chi Square 39.49

df 6

V .78

Significance <.0001

415



Table 2-0

Interview Data Analyses Molarity - Problem 2
Problem Solved Correctly

Problems
Correct

Algorithmic
Strategy Only

Algorithmic
Reasoning Strategy

0 1 Total 0 Total

24 32 56 47 9 56

42.9 57.1 87.5 83.9 16.1 87.5

77.4 97.0 97.9 56.3

37.5 50.0 73.4 14.1

7 1 8 1 7 8

87.5 12.5 12.5 12.5 87.5 12.5

Yes 22.6 3.0 2.1 43.8

10.9 1.6 1.6 10.9

Total 31 33 64 48 16 64

48.4 51.6 100.0 75 0 25.0 100.0

Chi Square 3.94 Chi Square 15.43

df 1 df 1

Phi .29 Phi .54

Significance .05 Significance .0001



Table 271

Interview Data Analyses: Molarity - Problem 2

Problem Solved Correctly

Problems
Correct

Yes

Total

testions Correct Questions Correct Without Pr

4 Total 1 2 3 4-

6 25 18 7 56 3 7 23 14 7 2

10.7 44.6 32.1 12.5 87.5 5.4 12.5 41.1 25.0 12.5 3.6

100.0 100.0 81.8 63.6 (29.9) 100.0 100.0 92.0 87.5 87.5 40.0

9.4 39.1 28.1 10.9 4.7 10.9 35.9 21.9 10.9 3.1

0 0 4 4 8 0 0 2 '2 1 3

0 0 50.0 50.0 12.5 0 0 25.0 25.0 12.5 37.5

0 0 18.2 36.4 (50.8) 0 0 8.0 12.5 12.5 60.0

0 b 6.3 6.3 0 0 3.1 3.1 1.6 4.7

6 25 22 11 64 3 7 25 16. 8 5

9.4 39.1 34.4 17.2 100.0 4.7 10.9 39.1 25.0 12.5 7.8

Mann-Whitney U 78 Mann-Whitney U 109

Wilcoxon Rank Sum W 406 Wilcoxon Rank Sum W 374

Z -3.13 Z -2.42

Significance .002 Significance .02

447

otal

56
87.5
(30.5)

8

12.5
(46.8)

64

100.0

4



0

Table 272

Interview Data Analyses: Molarity - Problem 2

Problem Solved Correctly

PrOblems

' Correct

Sttuctural Error - 1

0 1 2 4 . 5? 7 8 Total

11 1 8 6 24
,

5 1
1.8

56

19.6 1.8 14.3 10.7 42.9 8.9 87.5

100.0 100.0 100.0 46.2 96.0 , 100.0 100.0

17.2 1.6 12.5 9.4 37.5 7.8 1.6

0 0 /0
,

1 0 0 8

0 0 0 87.5 12.5 0 0 12.5

Yes 0 0 0 53.8 4.0 0 0

0 0 0 10.9 1.6 0 0

Total 11

17.2

,
1

1.6

8 13

12.5 20.3

25\

39.1

5

7.8

1

1.6

64

100.0

Chi Square 25.68

df 6

V .63

Significance .0003 le)

'I
A 1 ')



4.7

Table 273

Interview Data Analyses: Molarity - Problem 2

Problem Solved Correctly

Problems Structural Error 2

Correct 0 1 Z 6 7 8 9 Total

6 2' 14 4 4 18 8 56

10.7 3.6 25.0 7.1 7.1 32.1 14.3 87.5

100.0 100.0 100.0 100.0 100.0 69.2 100.0

9.4 3.1 21.9 6.3 6.3 28.1 12.5

0 0 0 0 0 8 0 8

0 0 0 0 0 100.0 0 12.5

Yes 0 0 0 - 0 0 30.8 0

0 0 0 0 0 12.5 0

Total 6 2 14 4 4 26 8 64

9.4 3.1 21.9 6.3 6.3 40.6 12.5 100.0

ti

Chi Square 13.36

df 6

V .46

Significance .04.

A



),

Table 274

rntervicts4 Data Analyses: MolaritV Problem 3

Problem Solved Correctly

Problems
Structural Error - 1

Correct 0 1 4- 6 7- 8 9- Total

20 - 10 5
t

2 1 2 2 2 10 54

37.0 18.5 9.3 3.7 1.9 3.7 3.7 3.7 18.5 -84.4

100.0 100.0 83.3 100.0 50.0 100.0 100.0 100.0' 55.6

31.3 15.6 7.8 3.1 1.6 3.1 3.1 3.1 15.6 .

0 0 1 0 1 0 0 0 8 . 1 10

0 0 0
10.0 0 10.0 0 0 0 80.0 . 15.6

Yes 0 0 16.7 , 0 50.0 0, 0' 0 44.4

0 0' 1.6 0 1.6 0 0 0 12.E
.

Total 20 10 6 2 2 2 2 18 64

31.3 15.6, 9.4 3.1 3.1 3.'l 3.1 3.1 28.1 100.0

. v

Chi Square' 20.17

df -' 8

V .56

t
t Significance .01



Table 275

Interview Data Analyses: Mblarity Problem 3

Problem Solved Correctly

Problems Structural Error - 2
Structural Error - 3

Correct 1 2 3 4 Total 0 Z 2 3 Total

18 13 5 13 5 54 35 3 8

33.3 24.1 9.3 24.1 9.3 84.4 64.8 5.6 14.8

100.0 100.0 33.3 100.0 100.0 100.0 100.0 100.0

28.1 20.3 7.8 20.3 7.8 54.7 4.7 12.5

141
44.4
12.5

54

84.4

0 0 10 0 0 10 0 0 0 10 10

0 0 100.0 0 0 15.6 0 0 0 100.0 15.6

Yes 0 0 66 , 0 0 0 0 0 55.6

0 0 15.6 0 0 0 0 0 15.6

Total 18 13 15 13 5 64 35 3 8 18 64

28.1 20.3 23.4 20.3 7.8 100.0 54.7 4.7 12.5 28.1 100.0

Chi Square 38.72 Chi Square 30.29

df 4 df 3

V .78 V .69

Significance <.0001 Significance < .0001



Table 276

Interview Data Analyses: I'blarity

Problem Solved Correctly

Problem 3

Problems
Correct

gystemmatic Approach No Answer Given

Algorithmic Reasoning
Strategy

1 -Total 0 1 Taal 0 Total

30 24 54 32 22 54 4S 6 54

55.6 44.4 84.4 59.3 40.7 84.4 88.9 11.1 84.4

100.0 70.6 76.2 100.0 100.0 37.5

46.9 37.5 50.0 34.4 75.0 9.4

0 10 10 10 0 10 0 10 10

0 100.0 15.6 100.0 0 15.6 0 100.0 15.6

Yes 0 29.4 23.8 0 62.5

0 15.6 15.6 0 0 15.6

Total 30 34 64 42 22 64 48 16 64

46.9 53.1 100.0 65.6 34.4 100.0 75.0 25.0 100.0

Chi Square 8.35 Chi Square 4.53 Chi Square 30.97

df 1 df 1 df 1

Phi .40 Phi .31 Phi .74

Significance .004 Significance .03 Significance <.0001



Table 277

IntervieW Data Analyses: Mblarity - Problem 3

Problem Solved Correctly

Problems Questions Correct

Correct 2 3 -4 5 Total

6 24 17 7 / 54

11.1 44.4 31.5 13.0 84.4

No 100.0 96.0 77.3 63.6 (29.9)

9.4 37.5 26.6 10.9

0 1 5 4 10

0 10.0 50.0 40.0 15.6

Yes 0 4.0 22.7 36.4 (46.8)

0 1.6 7.8 6.3

Total 6 25 22 11 64

9.4 39.1 34.4 17.2 100.0

Mann-Whitney U 127

Wilcoxon Rank Sum W 467
7 -2.79
,.

Significance .005

454 a



Table 278

Interview Data Analyses: Mblarity Problem 3

Problem Solved Correctly

Problems

Correct

Evaluation Sum
0 1 Total

Comments About Solution

0 1 Tbtal

50 4

92.6 7.4

No 87.7 57.1

78.1 6.3

Yes

Total

7 3

70.0 30.0

12.3 42.9

10.9 4.7

57 7

89.1 10.9

54

84.4

(31.4)

10

15.6
(38.6)

64

21

38.9
67.7
32.8

10

100.0
32.3
15.6

33

61.1

100.0
51.6

0

0

0

31 33

54

84.4

(35.6)

10

15.6
(16.0)

64

100.0 48.4 51.6 100.0

Mann-Whitney U 209

Wilcoxon kank Sum W 386

Z -2.09

Significance .04

Mann-Whitney U
Wilcoxon Rank Sum W

Significance

435
160

3.52
.0004



Table 279

Interview Data Analyses: Molarity Total.

Problem Solved Correctly

Problems
Correct

Systemmatic Approach
Nonsystematic Approach

-TOTir
0 1 2 3 Total 0 1 2 3

8 9 9 13 39 22 10 5 2 39

20.5 23.1 23.1 33.3 60.9 56.4 25.6 12.8 5.1 60.9

0 100.0 100.0 47.4 46.4 (27.0) 48.9 83.3 100.0 100.0 , (37.1)

12.5 14.1 14.1 20.3 34.4 15.6 7.8 3.1

0 0 10 5 15 13 2 0 0 15

0 0 66.7 33.3 23.4 86.7 13.3 0 0 23.4

1 0 0 52.6 17.9 (34.8) 28.9 16.7 0 0 (26.8)

0 0 15.6 . 7.8 20.3 3.1 0 0

u 0 0 8 8 8 0 0 () 8

0 0 0 100.0 12.5 100.0 0 0 0 12.5

2 0 0 0 28.6 (50.5) 17.8 0 0 0 (23.0)

0 0 0 12.5 12.5 0 0 0

0 0 0 2 2 2 0 0 0 2

0 0 0 100.0 3.1 100.0 0 0 0 3.1

3 0 0 0 7.1 (50.5) 4.4 0 0 0 (23.0)

0 0 0 3.1 3.1 0 0 0

Total 8 9 19 28 64 45 12 5 2 64

12.5 14.1 29.7 43.8 100.0 70.3 18.8 7.8 3.1 00.0

K1\ Chi Square 14.68 KW Chi Square 9.95

df 9 df 9

Significance .002 Significance .02

457



N Table 280

Interview Data Analyses: Molarity Total

Problem Solved Correctly

Problems No Answer Givens Algorithmic Strategy Only

Correct

0

1

2

3

Total

0 1

19 15
48.7 38.5
52.8 65.2

29.7 23.4\

7 8

46.7 53.3
19.4 34.8

10.9 12.5

8 0

100.0 0

22.2 0

12.5° 0

2 0

100.0 0

5.6 0

3.1 0

36 23

56.3 35.9

2 Total 0

5 39 5

12.8 60.9 12.8

100.0 (35.4) 27.8

7.8 7.8

0 15 5

0 23.4 33.3

'0 (34.2) 27.8

0 ',7.8

0 8 6
0 12.5 75.0

0 (18.5) 33.3

0 9.4

0

0

0

0

5

7.8

2 2

3.1 $ 100.0

(18.5) 11.1

3.1

64 18

100.0 28.1

1 2 3 Total

11 18 5 39

28.2 46.2 12.8 60.9

55.0 90.0 83.3 (39.5)

17.2 28.1 7.8

7 2 1 15

46.7 13.3 6.7 23.4

35.0 10.0 16.7 (27.0)

10.9 3.1 1.6

2 0 0 8

25.0 0 0 12.5

10.0 0 0 (14.3)

3.1 0 0

0 0 0 2

0 0 0 3.1

0 0 0 ( 9.5)

.0 0 0

20 20 6 64

31.3 31.3 9.4 100.0

KW Chi Square 8.70 KW Chi Square 19.19

df 6 df 6

Significance .03 Significance .0003

4



Table 281

Interview Data Analyses: Mblarity Total

Problem Solved Correctly

Problems Algorithmic Reasoning Strategy Comments About Solution

Correct . 1 2 3 Total 0 1 2 3 Total

0

1

2

3

Total

34 5 0 0 39 9 13 12 5 39

87.2 12.8 0 0 60.9 23.1 33.3 30.8 12.8 60.9

91.9 45.5 0 0 (22.1) 50.0 48.1 85:7 100.0 (37.0)

53.1 7.8 0 0 14.1 20.3 18.8 7.8

3 6 5 1 15 1 12 2 0 15

20.0 40.0 33.3 6.7 23.4 6.7 80.0 13.3 0 23.4

8.1 54.5 71.4 11.1 (42.3) 5.6 44.4 14.3 0 (33.2)

4.7 9.4 7.8 1.6 1.6 18.8 3.1 0

0' 0 2 6 8 6 2 0 0 8

0 0 25.0 75.0 12.5 75.0 25.0 0 0 12.5

0 0 28.6 66.7 (58.0) 33.3 7.4 0 0 15.1

0 0 3.1 9.4 9.4 3.1 0 0

0 0 0 2 2 2 0 0 0 2

0 0 0 100.0 3.1 100.0 0 0 0 3.1

0 0 0 22.2 (60.0) 11.1 0 0 0 9.5

0 0 0 3.1 3.1 0 0 0

37 11 7 9 64 18 27 14 5 64

57.8 17.2 10.9 14.1 100.0 28.1 42.2 21.9 7.8 100.0

KW Chi Square 44.84 KW Chi Square 13.77

df 9 df 9

Significance <.0001 Significance .003.



Problems

Correct'

0

1

2

3

Total

Table 282

Interview Data Analyses: ?.blarity - Total

Problem Solved Correctly

Questions Correct
questions Correct Without Promptin,7 -rotTa

0
2 3 Total 0 1 1 2 3 4

.

5 23 7 4 39 3 7 15 11 2 1 39

12.8 59.0 17.9 10.3 60.9 7.7 17.9 38.5 28.2 5.1 2.6 60.9

83.3 92.0 31.8 56.4 (25.3) 100.0 100.0 60.0 68.8 25.0 20.0 (27.0)

7.8 35.9 10.9 6.3 4.7 10.9 23.4 17.2 3.1 1.6

1 2 10 2 15 0 0 7 2 5 1 15

6.7 13.3 66.7 13.3 23.4 0 0 46.7 13.3 33.3 6.7 23.4

16,' 8.1) 455 18.2 (39.0) 0 0 28.0 12.5 62.5 20.0 '(39.2)

1.6 3.1 15.6 3.1 0 0 10.9 3.1 7.8 1.6

0 0 4 4 8 0 0 2 3 1 2 8

0 0 50.0 50.0 12.5 0 0 25.0 37.5 12.5 25.0 12.5

0 0 18.2 36.4 (50.8) 0 0 8.0 18.8 12.5 40.0 (44.5)

0 0 6.3 6.3 0 0 3.1 4.7 1.6 3.1

0 0 1 1 '2 0 0 1 0 0 1 2

0 0 50.0 50.0 3.1 0 0 50.0 0 0 50.0 3.1

0 0 4.5 9.1 (50.8) 0 0' 4.0 0 0 20.0 (42.5)

0 0 1.6 1.6 0 0 1.6 0 0 1.6

5 25 22 11 64 3 7 25 16 8 5 64

9.4 39.1 34.4 17.2 100.0 4.7 10.9 39.1 25.0 12.5 7.8 100.0

KW Chi Square 19.23 KW (hi Square 10.07

df 9 df 15

Significance .0002 Significance .02

4101
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Nonsystemmatic approach. Moles, problem 1, total (Tables 220, 235), and

molarity, total (Table 279). This approach was used by students getting the

problem incorrect.

No answer given. Moles, problem 1 (Table 221), stoichiometry, total-

(Table 262), and molarity, problem 3, total (Tables 276, 280). Students not

giving an answer got the problem incorrect.

Algorithmic strategy. Aales, problem 2, total (Tables 225, 235), stoichiometry,

total (Table 263), and molarity, problems 1, 2, total (Tables 265, 271, 280 ).

For moles, this strategy was used most for students getting two or three problems

correct, for stoichiametry and molarity for students with one problem correct.

Algorithmic/reasoning strategy. Moles, all problems (Tables 221, 225,

231, 236), gas laws, problem 1, 3, total (Tables 240, 246, 250), stoichiometry,

all problems (Tables 252, 255, 259, 264), and molarity, all problems (Tables 266,

270, 276, 281). This strategy predominated for successful problem solvers.

j Random trial and error. Moles, problem 1 (Table:221), and stoichiometry,

problem 2 (Table 256). This strategy was used more frequently by students who

got the problem incorrect.

Misinterprets the problem. Gas laws, problem 3 (Table 246). An insuffi-

cient number of subjects were analyzed to make a judgement about the results.

Disregards information generated. Moles, problem 2 (Table 226). Students

who missed the problem did this more frequently.

Misapplies information. Molarity, problem 1 (Table 266). Students who

missed the problem did this more frequently.

Does not generate information. Moles, problem 2, total (Tables 226, 236).

Students who missed the problem did this more frequently.

Evaluation. Gas laws, problem 3 (Table 246) and molarity, problem 3 (Table

278 ). Used more frequently by students who got the problem correct.

4 R"
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Comments about solution. Moles, all problems gables 222, 227, 231, 236),

gas laws, problems 1, 2-(Tables 240, 244), stoichiometry, all problems .(Tables

2'52, 256, 259, 263), and molarity, problems 1, 3, total (Tables 266, 278, 281).

StUdents solving the problems incorrectly more frequently made comments about

the\ solution.

`,Executive errors. Moles, problems 1, 2,(Tables 222, 227), and gas laws,

problems 1, 2, total (Tables 240, 244, 251). Students who missed the problems

made More executive errors.

Questions correct. Moles, all probIems*(Tables 223, 228, 232, 238), gas

laws, problem 3 (Table 248), and molarity, all problems (Tables 267, 271, 277, 282).

If students answered the questions correct, they more frequently got the problem

correct.

Questions correct without prompting. Mbles,all problems (Tables 224, 229, 233,

\239), g laws, problem 1, total (Tables 241, 251), stoichiometry,.all problems

(Tables 253, 257, 260, 264), and molarity, problems 1, 2, total (Tables 267, 271,

282). If the student got the questions correct without prompting, they were more

likely to get the problem correct.

Structural errors.

1. Gas Laws 1 1, Table 242. Students who got the problem correct made no

errors. Studehts who got the problem incorrect more frequently forgot to change

to Kelvin temperature rather than making an error in the conversion.

2. Gas Laws 1 2, Table 242. AMong Students who got the problem incorrect

the major error was to use the factor or proportion incorrectly. This error was

more prevalent than forgetting to change to Kelvin temperature.

4 f;



393

3. Gas Laws 2 2, Table 245. Students who did not work the problem

correctly failed to set up the factor or proportion correctly.' More made this

(error than those associated with Kelvin temperature conversion.

4. Gas Laws 3 7, Table 249. Students who did not get the problem correct'

# frequently failed to conver tLe moles to volume and also did nut set up a
/

factor or proportion.

5. Stoichiometry 1 1, Table 254. The major error committed by students

,getting the problem wrong was failure to recognize the need to balance the

equation before working the problem. This was followed by balancing the

equation incorrectly.

6. Stoichiometry 2 1, Table 254. Students who solved the problem

incorrectly failed to use the equation.

7. Stoichiometry 2 2, Table 256. Students who solved

incorrectly failed to use the equation.

8. Stoichiometry 3 3, Table 261. The error consisted

using the equation correctly for determining the product.

Molarity 1 1, Table 268. In the first step of the

an equal number of students failed to calculate the molecular

calculated it correctly. Of students who missed the problem, more students

toe problem

primarily of not

molarfty problem,

weight as

calculated the molecular weight correctly than cud not.

Molarity 2 1, Table 272. Students who missed the problem more

frequently used the volume change incorrectly than failed to realize that

a change occurred.

A
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Molarity 2 2, Table 273. One major error existed, 25% of the

students did not use/the definition of molarity correctly. Thirty-two

percent used the definition correctly and made the mL-L conversion correctly.

These students did not use the volume change properly.

Mblariv 3 1, Table 274. Of those missing the problem, more

failed to calculate the molecular weight than either calculated it correctly

or incorrectly.

Molarity 3 2, Table 275. In solving the molarity-stoidhiometry

problems, students frequently realized that a balanced equation must be

used but either were unable to use it or used it incorrectly.

Molarity 3 3, Table 275. Of students who missed the problem

equal numbers used the definition of molarity correctly as incorrectly.
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A special note should be made concerning the chi- square analyses and

their interpretation for the first five hypotheses. A very loose inter-

pretation has been given to these data because of the coding system used.

A more appropriate analysis (that time did not permit) would be to re-

classify erjors into sihgle categories and analyze data in this manner.

This has been done to some extent in the Detailed Analysis of Structural

Errors that follows although no additional chi-square analyses were per-

_formed. The appropriate categories for the analyses are given in Tables

290, 293 and 296.

Hypothesis 6

There are no differences in the Lumber of questions a student answers

successfully according to verbal-visual preference, proportional reasoning

ability, success in problem solving, the method taught in learning problem

solv ng, and the number of problems solved correctly.

Data collect& 'o test this hypothesis have been included in the summary

charts (Table!: 116, 122, 157, 194, 219) . The number of questions answered

correctl; and the number of questions answered correctly without prompting were

analyzed in terms of the other categories listed in the hypothesis. Results

are summarized in TableS 283 and 284.

More detailed information about the significant findings are found in

Tables 129, 130, 144, 154, 155, 169, 170, 186, 187, 238, 239, 251, 264

and 282. Results show that neither the teaching strategy nor students'

verbal-visual preference made any difference as to the number of questions

an' veered correctly with or without prompting. Answer;ng the questions correctly

;Nits related to proportional reasoning ability except for the gas 1,

This is an interesting finding because the gas law questions were more quali-

tative in nature whereas the qv stions from the other units more quantitative.
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Table 283

Summary of Findings of

"Answers Questions Correctly"

Analysis

Moles Gas Jaws Stoichiametry Molarity

Verbal-Visual Preference

Proportional Reasoning

Ability .005 .03 .001

Success on Tests <.0001 .01

Teaqing Strategies

Problem'Solved Correctly .004 .0002
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Table 284

Summary of Findings for

"Answers Questions Correctly Without-Prompting"

Analysis

Moles
P

Gas Laws
P

Stoichiometry
P

Molarity
P

Verbal-Visual Preference

Proportional Reasoning

Ability .000l .04 .002

Success on Tests .000l .05

Teaching Strategies

Problem Solved Correctly .0001 .02 .002 .02

4

4
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Success on the tests and solving the problem correctly was also dependent

on the number of questions a student answered successfully. The exception

to this was the gas law problems where the questions were more conceptual

rather than quantitative.

Detailed Analysis of Structural Errors

Because of the importance of the structural error seCti0h, more detailed

analyses were performed. For the moles interviews, a listing of the types of

errors the students made in solving the problems was formulated. This was

'done before tapes from the other units were analyzed. Because this yielded

interesting information, special structural error coding sheets unique to each

of the other units were drawn up and used in their subsequent analyses.

Moles Structural Errors. A summary of the results of students' responses

to questions asked students at the beginning'of the interviews and a summary of

the errors made are given in Tables 285 287. As stated previously, the pur-

pose of including questions was to test students' knowledge of facts and con-

cepts thought to be essential to solve the problem. .Although the percent,pges

of students answering correctly improved with prompting,(it Was rather dis-

couraging to find the initial percentages so low. (See Table 285).

une might argue that the reason that the initial response was poor was

that the instruction was insufficient. Thiswasprobably not the case. Teachers
o

commented that by using the packets they felt that there was much more thorough

Instruction than has been previously given. Students generally obtained very

high scores or the immediate posttests indicating that they had at least mem-

,

orized the facts and concepts at one point in time. For some reason these con-

cepts have not been thoroughly understood and/or are not retained by the students.

Even though correct answers were supplied to students who missed the queStions,

this was probably very useful in helping them solve the problems because they

did not understand the concepts involved. The difference in findings in

46"
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Table 285

Moles Questions:

Summary of ReSults

Correct Correct Without Prompting

Question N %

1 The formula for calcium hydroxide 67 91 38 51

is Ca((1H)2. How many atoms of each

eleint are present in a molecule of

calcium hydroxide ?..

2 If you had a mole of something,

what would that mean to you?

3 How many particles are intone mole?

4 Nhat volume would one mole of a ideal

gas occupy at STP?

How would you determine the mass of one

mole of iron?

6 How would you determine the mass of one

mole of ammonia (ii-)?

48 465 5 12

68 92 64 86

64 8i, 58 78

51 69 34 46

68 92 54 73

0

4;1j
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Table 286

400

Moles: Analyses of Problemo

Problems

:Jumber N F,.No.
ErrorsSkill
X

1M 24= 16 M--Ma 5Moles -----) Mass

Evlo , 25 12 Moles --) Molecules MMo 9

1V 25 . 11 Moles -----0 Volume NI--V 10

74 39 (53%)

X

2MMo 29 11 Mass ----*Mblecules Ma M 9 M Mo 4

2MoV 2.2 14 Molecules--)Volume Mo M 5 M V 3

2VM 23 10 Volume ---) &lass V 14 4 M Ma

11 35 (47%)

X

SMA 24 3 Mass) Atoms Ma M 7 M Mo Mo A

3VA 23 3 Volume -----) Atoms V M M Mo Mo A
8

3W 19 4 Volume Mass Atoms V M M Ma 1 Ma(Mol) Ma(At)---5

66 10 (150)
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Table 287

Moles

Structural Errors

I.

(PPRT = 13.42)

*Wrong operation used but correct concepts

3 Multiply volume x 22.4 instead of dividing

1 Multiplies atonic masses instead of adding

1 Divides mol. wt. by moles instead of multiplying

1 Divides 22.4 litex.§ by liters instead of reverse

1 Divides 6.02 x 10" molecules by number of particles
-instead of reverse

Conceptual, confused\about meaning of mole
A

1 Finds moles and calls It grams

2 Finds moles and calls it\liters

2 Finds moles and calls it molecules

1 Leaves i{answers in moles instead of converting to mass

1 Leaves \answers in moles of atoms rather than number of atoms

Ill. Use wrong conversion factor + conceptual

10 Use mol, wt. instead of 22.4 1

4 Find the mass instead of volume

2 Finds volume instead of mass but calls it grams

2 Multiply mass x 22.4 1

2 Divides mol. wt. into liters

1 Divides mol. wt. by 22.4

4 Multiply mass by 6.02 x 1023

2 Multiply volume by 6.02 x 1023

4 Use mol. wt. instead of 6.02x 1023

IV. Leaves out moles

1 Finds atoms in formula anstead of atoms in moles present

1 Converts grams to molecules without mole conversion

. Miscellaneous

1 Finds molecules instead of atoms

1 Finds total mass rather than mass of part

2 Confused by additional information in problem (STP)

4"t,
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Tables 283 and 284 are slight indicating that giving students the answer made

little difference in.their solving problems correctly.

Table 282 breaks the errors down in terms of the types of problems students

solved in each set. Problems 114,1140, and1V differed from one another in that

lk

they involved moles as mass, molecules, and volume. Students had been given

(in the question section) the prerequisite facts to swer these problems

correctly. Many errors were made even though they had the information within

minues beforehand. The smallest numbers of errors were made in changing moles

to mass rather than to molecules or to volume. Apparently, studehts perceive

the mole as mass rather than a volume or a number. Equal emphasis had been

given to 411 thre:: parameters in the instruction.
.41

The second set of problems involved two conversions. One of these used

division to change from mass, molecules, or volume to moles; the other in-

volved multiplication to-thange from moles to molecules, volume, or mass.

Results indicate that more errors were made with the division concept than

with multiplication. In this case the largest numbers of errors were made with

the mass concept. The reason for this was prohabl> sue to the fact that the

volumes given were multiples of 22.4 and the number of molecules given were

multiples of 6.02 x 1023. This may have cued students sufficiently to enable

them to see that division was needed to solve the problems. More evidence

for this stems from the fact that more students got the moleCules-volume problem

correct than the ones involving mass.

Problems in the third set each involved transfer, Students had to tell

the number of atoms or the mass of atoms after they, solved the problem in terms

of molecules. Students had not encountered problems of this nature before but

should have been able to work the problems correctly if they had understood all

the problems up to this time': From Table 286 it can be seen that very few

41,
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students got these problems correct. As in the case with the second set of

problems, a large: proportion of students missed the mass to mole conversion

than the volume to mole conversion. Once students got this far they usually

did not know hot to proceed.

In Table 287 the errors that ,.tudents made in solving the moles problems

were summarized according to five categories.ln some cases, students used a

wrong operation. Large numbers of students showed,complete lack of the mean-

ing of the mole (categories II and III) as is shoWn when students'did not

knolw what they had solved for or used the wrong conversion factors.

Gas Laws Structural Errors. A summary of the prerequisite questions that

students answered correctly and the summary of the structural code results are

given in Tables 288 to 290. The questions that were asked in this unit were

more conceptual (qualitative) than quantitative. ( Two other questions that

should have been asked but were not because of lack of foresight were as

follows: (1) how many liters of a gas were equal to 250 ml,? and (2) %bat is

the meaning of SIP?) As with the questions for moles., many students needed

prompting to get them correct. Once a student answered the first question

correct or was given the correct answer, this acted as.a cue for questions two

and three. Question four was included to determine if students really under-

stood the gas law concept or had only memorized the result. From the law per-

centage getting the answer correct, it appears that few students really thought

about the concept correctly. Most probabl)P memorized the results.

!able 289 give', the percentage of Students who got the problem correct for

A

each of the three problem categories and the number of students who made struc-

tural errors as they appeared on the coding sheets. As can be expected as the

problems become more complex, fewer students were able to solve them. Problem 3

was a combination gas law OILA mole problem that required students to synthesize

what they had learned in the gas law unit with that learned in the moles unit.

472



Table 288

Gas Law Questions:

Summary of Results

Question

1 What would happen to the volume ofa

gas sample if the pressure on the

sample was increased and the

temperature held constant?

2 What would happen to the volume of a

gas sample if the temperature was

increased and the pressure held

constant?

3 What would happen to the temperature

of a gas sample if the pressure-on

the sample was decreased aLtd the

volume held constant?

4 What would happen to the pressure of a

gas sample if the temperature and the

volume were both Inc -cased?

404

Corrict
N o

Correct Without Prompting
N

61 95 42* 66

64 100 52 81

59 92 49 77

19 30 11 17

e



Table 289

Gas Law Problems:

Structural Code Results

/

405

(PPRT = 12.14)

Problem
Distribution Correct Structural Error Coding

Problem TP 'fl PV N % A N B N

1 25 18 21 29 45 0 1 0 5

1 19 1 1

2 8 2 17

3 1 3 41

4 35

Problem 11."1' "I'llk PV-1 N % A N B , N

2 18 20 26 17 27 0 4 0 5

1 1 3

2 2 2 2

3 4 3
,

20

4 2 4 6

5 6 5 28

6 43

7 2

8 1

Problem Ni-'1V NI+T\ NUT o A N B 11 N

3 2U 21 23 2 3 0 29 0 26

1 _10_ 1 1 1 11

2 4 2 9

3 1 3 1

4 20 4 13

S

6
7 6

8 3

-9 5

i

1

47U

//

. 4.
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Table 29(1

Gas Law Problems:

Description and Summary of Structural Coding.

Problem Category N

1

3

A Doesn't get this far 1 iillo

Kelvin temperature ,iot required 19 30

Fails to change to Kelvin temperature 8 18c

Makes error in calculating Kelvin temperature 1 2

Converts to 'Kelvin temperature correctly 35 80

/

B Doesn't get this far 5 8'ha

Doesn't set up factor or proportion 1 2

Inverts a factor or sets up wrong proportion 17 29

Sets up problem correctly 41 69

A Doesn't get this far 4 b

-6a

Fails to change to Kelvin temperature (beginning) 4 7

Fails to change to Kelvin temperature (end) 8 13

Makes error in calculating Kelvin temperature 8 13

Converts all Kelvin temperatures correctly 43 70

B - Doesn't get this far 4b,

Doesn't set up factor or po portion 5

Disregards one of the conditions 8. . 14

Inverts a factor or sets up wrong proportion 96 . 43

Correct set up (regardless of Kelvin temperature) , 28. 47

A Doesn't get this far 29
c' b

45a

Kelvin temperature not required 10 29

Mils to change to Kelvin temperature 4 16v

Makes error in calculating Kelvin temperature I , 4
Converts to Kelvin temperature correctly 20 s'o

13

C

Doesn't get th*s far
Fails to convert moles to volume
Doesn't set up /a factor or proportion
.InVerts a factor or sets up wrong proportion
Sets up problem correctly
Converts to liters incorrectly

confused about SP

76

14

27

1

6

8

11

a -,

h
37

71

3

16

21

17

`Based 'on 41 cases .

ker rufining a 's based on those who got that far (except where indicated).

cBased on cases in 'which.a change was required.

4 ""'
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It was a transfer item and only 3% of the students solved it correctly. 4

Because of the coding system, several structural errors were grouped

together on the original coding sheets. These were ungrouped and added to-
,

gether to produce the results found in Table 290.

For problems in category 1, the major error was that students did not

,s4.--up a correct factor or proportion. Eighteen (18%) percent of the students

who attempted it did not remember to change to Kelvin temperature.

P

Similar results are found for the second set of problems. Students

generally converted temperatures to Kelvin correctly. The major error made was

in setting up the proportions. For problems in group 3 which involved changing

moles t9 volume as one,,Of the first steps, many students said the probleM just

couldn!t be done and proceeded no further. Thirty-seven (37%) percent of

those who proceeded did not convert moles to volume and seventy-one (71%) per-

cent did not set up a :factor Or a proportion.

Because of time rpstrictions, no further analysis of the tapes were made

to determine just what students do in the calculation when they get the prob-

lem wrong. The codingisheet only determined what they failed to do when they

were incorrect. A more detailed analysis of the tapes,should reveal particu-

lar error, students made and where the confusion in concept development lies.

In addition to the above, chi-square analysis using the same categories as

given in Table 290 would be appropriate. These'should replace those given

previou,,ly foe cad' or the first five hypotheses for structural errors.

Stoichiometry Structural Errors. Tables 291 293 summarize

tl,c data for structural errors for the stoichiometry problems. Table 291 ,/

grves the results of 4w dents responded to the questions that tested back

ground information needed to ,solve the problems. Six of the questions were_

identical to those asked in the "Moles Problem" interviews (Table 255 ). The

percentages show only a slight increase indicating Jiat even though these

4
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Table 291

Stoichiometry Questions:

Summary of Results

(direst for :

1 le formula for calcium hydroxide

is Ca(0107. ,liow 1101W atoms of each
.

eleTelt are present in a molecdle of

calti hydroxide? -
E

2 If yo had a mule of something, wliat

wou d that mean to you?

3 How partic are in one mole?

4 What volume would one mole of ar ideal

gas occupy at STP?

5 How would you determane the mass of

one mole of iron?

_ -.---

0 flow would you determine the mass of

one mole of ammonia (N113)? ,-

7 How would you go about balancing the

following equation:

NaC 1(aq) + aq) Na2SO4(aq) +
!

Hdl
(act)

Correct Correct Without Prompting
N

0
-0 N

+
t,

i

ol 92 32 1 48 .

.

'4S G8 12 18

64 97
1

59 89

S8 88 52 79

46 70 31 47

(2 94 50 70

64 97 54 82
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Table 292

Stoichiometry Problems:

Structural Code Results

(PPRT = 12.82)

Problem
Distribution Correct Structural Error Coding

Itoblem M V N A

1 18 27 21 18 27 0 2 0 9

1 23 1 32-

2 .13 2 L. 4

3 28 3 21

Problem MM MV MP A

2 26 23 17 17 26 0 2 0 13

1 34 1 23

2 30 2 12

3 18

Problem 101 SS1 SS2 N 0
0 A N B N C N

3 22 24 20 5 8 C 6 0 -'30, 0 38

1 28 1 3 1 11

2 32 2 5 2 10

3 28 3 7

4 ()
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Table 293

Stoichiontetry Problems:

y
Description and Stalin:41y of Structural Coding.

Problem Category

1 A Doesn't get this far
Balances equation correctly
Balances equation incorrectly
Does not attempt to balance equation

B Doesn't get this far
Uses equation correctly in solving problem!

-Uses equation incorrectly in solving problem
Does not use equation in solving problem

410

4

3a

23 36h

13 20

28 44

9 14a

32 56h

4 7

21 37

2 A Doesn't get this far 2- 3a

Checks to see that equation is balanced 34 53h

al

Does not check to see that equation is balanced 30

Doesn't get this far 13

47

20a

Uses equation correctly in solving problem 23 43h

Uses equation incorrectly in solving problem 12 23

Does not use equation in solving problem 18 34

3 A Doesn't get this far 6

Checks to see that equation is balanced 28

Does not check -to see that equation is balanced 32

B Doesn't get this far
Uses equation correctly for determining excess
Uses equation incorrectly for determining excess.

Does not use equation lr determining excess

C Doesn't get this far
Uses equation correctly for determining product
Uses equation incorrectly for determining product
lkws not use' equatjon for determining; rothwt

3

5

2,

38

1

aBased on all cases.
bRemaining %'s based on those who got that far (except where indicated).

4s
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47b
53

45a
8b

14

78

S

3

36
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concepts were reviewed and used in this unit, there was no substantial gain

in knowledge. The new question whidi wati concerned with balancing an equation

was answered correctly by ninety-ven (97%) percent of the students when

prompted.

Table 292 gives the percentage of students who got the problems correct

according to categories. The first problems.that involved two steps (changing

from mass, volume, or partiCles of one substance to moles of another) was

apparently as difficult for students to solve as problems in the second set

that involved three steps (changing from mass, volume, or particles of one

substance to mass, volume, or particles of another). The reason why this may

have been as easy was because in the problems of set 1, students were given

an unbalanced equation that they had to balance before proceeding whereas the

problems in set 2 Contained balanced equations. This is verified by examining

Table 293 that shows the major reason for students missing the problems in set

1 was failure to use a balanced equation. In the problems of set 2, many students

did not overtly check to determine if the equation was properly balanced. How-

ever, in this set of problems, a much larger percentage of students used the

equation incorrectly.

Problems from set 3 were transfer problems that involved finding the limit-

ing reagent. Only eight (8%) percent of the students who attempted the problem

go, it correct. Forty-five (45%) percent did not get beyond checking to see if

the equation was balanced. The maj,ir difficulty in solving the problem was in

determining the excess or the limiting reagent.

The same comments concerning further analysis that were made for the gas law

problems can be made for the stoichiometry problems. Time did not permit an

analysis of errors that students who missed the problem made nor the reanalysis

of data using chi-square with the categories used in Table 293.



112

Molarity Structural Errors. -Results of the questions asked in the "Nlolarity

Problem" interviews and the structural errors aye given in Tables 294-296.

In the question section, one question concerning the L-mL conversion was asked

that should have been asked in the 41r6;s Law Problem" interview. With prompting

ninety-two (92%) percent were able to make the conversion. Questions 1 and 2 on

the determination of the masses of moles had been asked during both the "Moles

Problems" and "Stoichiometry Problems" interviews. The percentage of students

who answered these questiOns correct was apploximately ten iltr,) percent higher

than previously. Apparently this conversion was used so frequently that by the

end of the school year when the interviews took place, eighty-elght (88%) and

ninety-eight (98%) percent of the students interviewed could do this when

prompted.
4 4

4

Question 4 on "define molarity in your own words" most frequently brought

the memorized response "moles per liter". this answer was accepted as correct

even though students did not specify "liter of solution".

To test whether students had simply memorized the definition of polarity

or really understood it, question 5 on "how would you make up one liter,of a

two molar sodium chloride solution" was included. Only eight (8%) percent of

the students interviewed were able to answer this without prompting. rven with

prompting, only twenty-seven (27%) percent gave a correct answer. An answer was

considered tt be correct if students said that 2 moles or approximately 116 g of

sodium chloride were dissolved in 1000 mL or 1 liter of water instead of solution.

Most students had no understanding of the physical meaning of molarity.

Table 295 shows the percentage of students getting the problems in each

category correct. Problems in the first set invOlved'the direct application of

the definition of molarity as molarity = moles/liters. Thirty (30%) percent of

the students were able to solve this type of problem. I.rom Tabledqi it can be

seen that thirty-three (33%) percent of the students who attempted the problem

4
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Question

Table 294

Molarity Questions:

Summary of Results

1 How would you determine the mass of

one mole or iron?

2 How would you determine the mass

of one mole of ammonia (NH3)?

3 How many milliliters are equal to

2.5 liters?

4 Define molurity ill' your own words.

5 How-would you make up one liter of a

co. two molar sodium chloride solution?

ar

413

Correct
N %

Correct Without Prompting

56 88 38 59

8

63 98 54 84

59 92 40 63

35 55 25 39

17 27 5 8

484
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Table 295

Molarity Problems:,

Structural Code Results

(PPRT = 13.36)

Problem
Distribution Correct Structural Lrror Coding

Problem ML G MO N % A N B N

1 18 23 23 19 30 0 7 V 10

1 8 1 2

2 Z 7

3 °4 i

, , 4 - 1 .4

5 5

b 2 G 14

7 3 7 4

8 26

' If/t .. 3?1 9 1

Problem MOD MCC MCV N % A

2 ZS 16 23 8 13 0 11 0 6

1 1 1 ,2

2 8 2 14

3 3

4 13 4

5 25 5

6 6 4

7 5 7 4

8 26

9/. 4

Problem WA GA GA N "o A N B N C N

3
22 23 19 10 16 0 20 0 18 0 35

1 10 1 13 1 1

2 2 15 2 8

3 6 13 3 18

4 2 4 5

f 5 2

6 2

7 2

0
8 2

9 18

4 St;
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Mblarity Problems:

Description and Summary of Structural Coding_

415

Problem Category

1

4.1

A

13

A

Doesn'eget this far
A Doesn't-calculate molecular weight
Calculates molecular weight incorrectly
Calculates molecular *eight correctly
Uses molecular weight incorrectly
Uses molecular weight correctly

Doesn't get this far
Doesn't use definition of molarity
Uses definition of molarity incorrectly
Uses definition of molarity correctly
Error in mL -L conversion
Changes mL-L airrectly

111x-o) 'I. w. t I h i .; far

'tea! 1..e.. 1 ha t volume changes
Fa i I s to use vaunt! change

Uses volume change correctly
US'es volume change incorrectly
Doesn't get final voluMe

7

8

5

43

11

34

10

2

21

26

18

27

11

1

8

13

25

5

lla
b

14

9

75

19
60

16a
4

39

48
33

50

17a

)

15

24

46

9

B Doesn't -get this far

Doesn't use -definition of rolarity

6

"4

9a

b
3

Uses definition of molarity incorrectly 14 24

uses definition of molarity correctly 38 66

Error in mL-L conversion' 8 14

Both definition and mL-L change correct 26 45

3 A Doesn't get this far °. 20 31a
Doesn't calculate molecular weight 10 23

b

Calculates molecular weight incorrectly 4 9

Calculates molecular weight correctly 26 59

Uses molecular weight incorrectly 6 14

Uses molecular weight correctly 2Z 50

B Doesn't get this far 18 28a

Or Realizes equation must bejised 13 28

Uses baianced equation correctly 28 61

Uses balanced equation incorrectly 13 28

Doesn't realize equation must be used 5 11

C Doesn't get this far 35
55a

1/oesn't use definition of molarity 3 10

Uses definition of molarity incorrectly 8 28

Uses definition of molarity correctly 18 62

.

a
uBased on all cases.

'Remaining %'s based on those who got that far (except where indicated)
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made a mL -L conversion error, and thirty-nine (39%) percent used the definition

of molarity in:o:rectly. Nineteen (19%) percent of the students who attempted

to work the problemclid notAise the molecular weight to find moles properly. ez)

The second set of problems involved changing the volume of solution by

either diluting it or concentrating it by boiling. Only thirteen (13%) percent

of the students could handle this kind of problem even though most students

could do problems of this nature immediately after instruction. The major

error made was that students did not use the volume change correctly. (In-

stead of finding moles first and dividing by the total volume students frequently

added or subtracted the volumes before working with the given molarity.) Knowing

that such a large percentage of students did not have the conceptual knowledge of

what molarity is (from responses to question 5) this comes as no surp-ise.

Problems in set 3 were transfer problems that involved the concept of molarity

applied in a stoichiometry problem. A slightly greater percentage of students got

this problem correct than got the problem from set 2 correct. It was probably the

same students who understood the conceptS. Fifty-five (55%) percent of the stu-

dents did not understand the problem sufficiently to even use the'definition of

molarity. Sixty-one (61%) percent of those who got that far (forty-four (4,%) per-

cent of original students) used the balanced equation correctly. Once students

go the number of moles of H3PO4 , many could not proceed to use the moles with

the liters to find the molarity.

Contents made previously about furtner'analysis of the tapes of the "Gas Law

Problem" and "Stoichiometry Problems" interviews apply here., Further analyses are

needed to determine specific conceptual errors that students made while attempting

to solve the problems.

4
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.Summary an4i Conclusions

1101

Results of this interview study_must-he,seen- in-relation-to-the aptitude

by treatment interaction study as well as the findings ofa similar study borN

Nurrenbern.

The interview study was concerned with six hypotheses. In addition,

structural errors students made while solving problems from four chemistry

units were identified.

Of the six hypotheses: '.ested, NO were related totraptitudes measured in

the aptitude by treatment interaction r.Ludy. These were the verbal-visual

preference and the propor*ional reasoning ability of students. Because of lack

of time and because it wissnot anticipated that mathematics anxiety would have

significant interaction, data were not analyzed according to students' mathe-

matics anxiety. M analysis of this data would be appropriate and might yield -

useftil results.

Of the two aptitudes for which interview data were analyzed, the one of

most interest was students' proportional reasoning ability. Results for verbal-

visual preference were very sparse as they were in the case for the'aptitude by

treatment interaction study. Findings from the interviews corroborate those

found in the other study.

The reason why the proportional reasoning ability is of interest is be-

cause the study done by Nurrenbern compared students' problem solving skills

according to whether they were classified as concrete or formal operational.

Because proportional reasoning ability is one of the schema that comprises the

formal operational stage, there would probably be a high correlation between

students classified as formal and their proportional reasoning ability.

In all the comparisons between the results obtained, it must be remembered

that NUrrenbern's study was concerned only with stoichiometry limiting reagent

483
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problems which-less than 1% of.the students interviewed were ableto work

eorrectlY.

NUrrenbern"s classification system was modified in part//in this study but

enough similarity remains to make some.comearisons One'genern. category that

was used in both studies was reading /organizing skills. In Nurrenbern's study
m-0 .

ti

formal students were found to read and organize more frequently.' Mir was

particularly true for rereading and usingimnemonic notation. In this study

similar results were found for rereading and use of mnemonic notation. Although

there were no significant differences for every problem, where differences occurred,

,e they'always favored the high proportional reasoning students. Comparizins with

the general category "Reading/organizing" are inappropriate as all subcategories

were not identical.

Nurrenbern also found that formal operational students used evaluation

techniques more frequently than concrete operational students. She also made the

comment that 'Ioitherygroup used evaluation techniques to any great extent. In

this study, no differences between high and low proportional reasoning ability

students were found for evaluation teahniqu'es. 'Very few students evaluated their

solutions to the problems.

As in the Nurrenbern study, it was found that few students used recall

techniNues-. The number of Statements coded for recall was so lov in this,sttidy

that the data were not analyzed.

In the area-of tho type of approach and reasoning that students used to

solve the problems, results of the two studies are in actor In the NurrenbeIa

study, no significant.differeaces were found for formal and concrete thinkers,

however, when algorithmic/reasoning strategies were used, they were used by

formal operational students.. In this study, students with high proportional

reasoning ability were found to use a systemnatic approach and algorithmic/

reasoning strategies more frequently than low proportional reasoning students

O

4S3
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on a large.humber of,the probbems.' Nurrenberh comments that the results in
, ,

her study,niight not have been significant because of the
4

difficultylif the

.prCIblevis, She found as did we, that many formal students actually go about

solving the problems relying strictly on algorithms.

. A comparison ol'the -,tructur4t,errocs made in the two-Aadies is impossible
P

to make. The 'reason for this :is that the problems in this study were for the

Most part easier than those in the Nurrenbern study. The doily comparable problem

was the third stoichiometry problem which was a limiting-reagent problem.. Even
. :

for this problem, however, a balanced equation was giVen. The major structural

error found for this problem was that students fail_to use the equation for determinird

the excess to solve it. More detailed analysis of the structural: errors were pre-

sented in the Results section.
(

In this study, unlike the Nurrenbern study, instruction on problem solving

was controlled through the me or the packets devised For the aptitude by treat-

ment interaction study. This has ics advantages and disadvantages. The major'

advantage was that a minimum amount of instruction was insured by.knowing that

students completed the booklets. However, there is the disadvantage in that it

might be argued that the instruction was insufficient and not typical of what a

student would normally receive. ,Teachers in the stuO felt it.was sufficient,

and if not, could supPlemeni\ it with additional work. because students learned
/ .

\ .

by using the four different \trategies, it was of interest tb detetmine if this

,

had any eff.-2,_t on students'prOblem solving techniques.

Resurts indicated few differences in students' problem techniques' according

to method taught. ;1.:Ietit., whu lyarned to ..olvc problem. by tile lat.tur label

method and proportionality tended to be moreisystemmatic in their 4proach and

more overtly used the approach taught. This was to be expected as these methods

lend themselves to overt expression. An interesting finding, although found

only on one gas law problem, was that students taught by analogies used algorithmic/

4 u
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reasoning strategies more frequently than by the proportionality method. This

finding is offset by the finding that the analogy method also produced the

greatest use of random trial and error for a stoichiometry problem.

In no instance did one method produce more structural errors than another.

Thus indcat ing that as' lar as presenting the intrwal, all methods were equiva

lent. Major conclusions in this study concerning the appropriate methoils ler

teaching the various chemistry topics should be made from theaptitudeby treat-

ment interaction study where data were analyzed in much greater detail according

to students' aptitudes.

The major reason for conducting the interview study was to compare students

who were successful problem solvers with those who were not. Results have been

presented for students defined successfkG according to test scores (lypotheSis 3)

and according to success on the problem solved during the interview (Hypothesis 5).

Specific results are given in the liesult section. Discmsiqn here is linOted to

commonali\ty of the findings. For students classified as successful and for stu-

dents who got the problem correct, the use of reading and organizing skills was

. More frequent. This was true for different problems, however, and was not con-

sistent across all problems. The use of mneumonic notation was much more -pre-

valent and consistent across problems f:: successful students and those who got

the problem correct. Two other common characterigtic across most problems for

both of these groups were their more fie-welt use of systemmatic approaches and

thbir use of algorithndc/reasoning strategies. This is not to say that more

students in these classification used reasoning strategies more frequently than

_algorithmics. This was not the case. They used reasoning strategies more than

.
.

nonsuccessfUl students or students who got the problem incorredt,.

Analysis of the structural errors for both of these groups had some
..

'similarities. Students of low success or who missed gas law problem 3 failed

4 9 1
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to set up a factor correctly. They alA: failed to use the equation in solving

stoichiometry problems 1 and 2. For molarity problem 3, low success students

faded to perceive the need for using the equation whereas those getting the

iproblem incorrect were unable to use the quation correctly. On this same

problem, low success students didn't use the definition of molarity correctly.

From both the structural errors students mode and from the andings re-

sated to Hypothesis 6, it is apparent that one of the major reasons students do

not solve problems correctly is that they do not understand the prerequisite

facts and concepts. In thes.Piesults section considerable discussion is given

to the structural errors made for each unit of chemistry. For this reason,

the remarks here will he brief. Because of lack of time, the analysis of the

tapes was not as comprehensive as it might have been. For the moles unit, no

, special coding sheet was devised for structural errors, but the specific errors

that students made were recorded and synthesized into a coherent list. For the

other three units, the special sheet was devised that listed what students failed

to do but did not provide for obtaining the specific errors that students Made-

A :eanalysis of the tapes would provide this use,..11 information.

Four general conclusions and recommendations can be drawn from this inter-

view study.

1. If students do not understand the chemistry concepts (as is evident from

low success on'prerequisite questions and structural error analysis) even if

answers to prerequisite questions are given, students will not be successkul in

mdving clictiw,try prohlcw,

2. Different types of errors are made by different students. It is very

hard to classify them. These different types of errors require different types

of remediation. semetimes it is a matter of understanding the concept, other

times its the arthmetic (particularly the division concept) and frequently

students fail to memorize the necessary facts (such as 1 mole = 22.4 L at STP

or- contains 6.02 x 1023 particles).
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3. Students who are successful generally use more organizing skills and

use mneumonic not ion. Students should he encouraged to use these skills in

solving p-oblems.

4. It would be very useful for individual teachers to determine specific

errors that individual students make so that remediation might take place. This

might he acLomplished by recording on audio tape students actually solving

problems. If this i4-not possible, teachers should determineibrough a short

test, if students have the necessary prerequisite skills for solving problems

and if they do not, provide the necessary instruction.
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UNIVr.RSI1Y
at Bloomington

INDIANA U R-S T-Y

.44 kn. I fit Edit( ;Ilion

431.

UfsiLVEHNLTY,
PURDUE UNIVERSITY at Indianapolis

111e problem solving research we are conducting in high schools in
Indiana has recently been funded by the National Science Foundation. One
of their -requirements is that we obtain written approval for participation
in ,the project from a school authority who has followed any necessary
procedures in the school system:

We arc, therefore, asking you to give us the needed written approval.

I have been supplied with the purposes, content, and benefits of
the NSF supp)rled projot t "Faci I i tat ing Problem Solving in High School
INAllistry" and have givvn my approval for participation.

Signature

Title

gam'

EID1CA1ION BUILDING, AD AND IORDAN, 01 00MINGION, INDIANA 47401
IF.I. NI) X11 1374211



I N D l'A NA '.N1V S I 'I N.

.Sf /111,1 1111111111011 ***.

I'll r A I ,1 pi No RM. 2114

RIADrAINWI(. INDIAN\ 7101

May 31, 1979

Dear Student and Parent;

4.

432

" 337-8659

From otir-Fmtrspe-v-ivoce_inleaching h gll SCII00 I el WM ry years

combined experience) w liave found 1.11.1 I. .111 111T. (1:1711-11.11- t

wlliC11 MON nave clgilieIII. y vt obi vinr.
examined the question.. (and how lands:Ws answered [hem) on a nAlional

ellemitty exam ommonly given in schools in this .lea. 1J lonnd 111.11 111.

questions students lonnd moat dilficuLL were those involving problem :.olviug

(56% of the questions).

This was one of the reasons that motivated us to try to find methods of

helping students solve chemistry problems more sucessiully. What we would

like to do is try out these methods as suplementary to regular instruction

on problem solving. .All students will receive their normal instruction.

The supplementary methods that are alternative strategies that have been

used by other teachers should strengthen the students' problem solvi

skills. The supplementary methods will be contained in study gnioe:: that

students will use In learning eight chemistry concept.. involving probleLb:

Each study guide is one class period in length.

In order to measure the success of the supplemeutaly instruction h)c

particular types of students, students receiving the instruction will h.

expected to complete : :brut tests on their ability lo (lo ip.),

Lfivir preference for lealnIng through visual or verbal Methods (0 min.)

abd their attitude towaid using math (20 min.). Jests will be Aministered

iu !;1PI ember. All I ( ".111 I : will kist etnil 1411111 ia I , and will hay'
bear lie :a noln1 ant.. I I a :.1 mien( w.ni 14. int 1.1 4:,1 r 1 n u 111 bsi

own test results, the..e will be available on an id ) aas.. 0l,conise.

a student may withdraw from the program at any time. Please feel free to

contact us at 312-337-8658 about the procedures.

MiallIIMMM

Sincerely,

Dolotby Gabel
Robert Sherwood
Science Education, Ludlow. Universiti,

I would like to participate in ;Ads projram

I am not willing to participate in this program

Studev.'s lAgnature

Parent's signature
(i 1 under Ili)



, Indiana University I Bloomington Campus

Committee for the PIiection of Human Subjects

SUMMARY SAFEGUARD STATEMENT

to be completed by
All Investigators Utilizing Human Subjects in Research

PROJECT TITLE: FacilitaLlitg Problem Solving in High St-Inigi cheilw,try

GRANT NUMBER (IF KNOWN).

PRINCIPAL INVESTIGATOR(S): Dorothy I.. Cabel
(typed name)

lioluz. D. Sherwood
name)

STATUS. IA FACULTY LiTUDENT I I OTHER (specify)

433

,1.

( ignalure) f 11 4,://
(sign.itur)

II student, name of faculty sponsor Dr . rot hy L. Gabel , 1 ,

(typed name) (signature)

DEPARTMENT: Science Education DATE 51:1)/ /
CAMPUS ADDRESS Educat ion Bldg., kin. 204

PROPOSED FUNDING:

CAMPUS PHONE 117:6858

CAEXTERNALAGENCY/NAME NSF IURYTYPE Spencer UNFUNDED/TYPE

INSTRUCTIONS: In the spaces below (use additional sheets where necessary):

Check appropriate boxes for subject population involved if it includes. ix! minors, LI fetuses or abortuses,
0 pregnant females, I I mentally retarded, LI mentally disabled, LI prisoners. If any of the above are
used, state the necessity for doing so under item 1.

1. Bnefly describe the purpose and nature of the proposed research State what, if any, benefit is to be
gained by the subiect(s), what information is to be added to the general body of knowledge as a result of
this research, and where the research will be conducted. (This includes research training grants Each
projo.t should be treated separately.)

Slii,eat guides using four methods of problem solving (two visual ad two
verbal) will be prepared and used in instruction tor eight chemistry topics
by 600 high :chool studats who are randomly assigned to treatments. Problem
::olving resull ing from the four methods and measured by short and
long term 171.- will b compared for ,Ludw of varying proporLional rod-
..ontnr, ditlelent. vi:.ttal-vorbal prclotcnec:;. Data !or thi..
apLilode by LrdLment. itiLeracLiou ~Ludy will he analyzed using multiple
regression techniques.

It is anticip3ted that from this tudy preferred methods of teachin.,, problem
solving Lo dilicient type. of high school students will be made known. The
rse :rill wilt 1t conducted within a 60 mi le rad iw; of ind ianapoi h, in public
hi gh school:,

-I-
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2. List all procedures to be tried on human sublet I. Nith a (Jest.; Vial of tiv.r.e you unit All tAyoi .ilfeady

established and accepted lechninues

..1. Administration of proport rc.u.oning t:a (;O min.)
b. Admin.stral ion of verbal vi:al test (20 m i tt )
c. Administration of math aux let)? Lest. -------- (20 min.)
d. NSTA-ACS Chemistry Achievement Lest (40 min.)

. 8 study ;uides of instruction (1 period each)

a,b,c. Tht...e are all written multiple rhtittc type tests found in the
current literature that...will be odminisli.rcil it the on;:el. of.

.

A tat ion.' I whit ten eht.inistry exam commonly dmini:,Lerud by chemistry
Leachers.

e. Problem sot v inslilellon booklets-similar to those many teachers
would prepare themselves.

3. Stale any potential risks - physical, psychological, social, legal, or other - connected with the proposed
procedures and state means (including confidentiality safeguards) of protecting against or minimizing
potential nsks and an assessment of their likely effectiveness. If you consider:the subject to be "at nsk,"
in what respect do the potential benefits to the subject or contributionslo the general body di knowledge

-Nutweigh the risks?

None - noLliineout of ordinary.

,
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4. Informed Consent

A. State how you wilt obtain documentation of reformed consent Ansi/ or even if you consider subjects
. not at risk. Do not use "inapplicable."

Students and iihrpnts will be asked to sign a written consent_ form.

'Permission of approporiate school officials will be obtained before
school selection.

B: If you considerifie subject to be "at risk," state exactly what you tell him or her in lay languzge to
obtain informed consibrit per items 1.7 relative to each procedure wherein he or she is "at risk This
must be a form that is given or read to the subject particularly for this purpose. PLEASE ATTACH.
COPY OF FORM. '

f

RETURN COMPLETED' FORMS TO: DR PAUL H. GEBHARD
Chairperson of IUB Committee

for the Protection of Human Subjects
Institute for Sex Research
Morrison-Hall 416

11.

r."---
-3- .
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DEFI, II (*IONS

SCIENTIFIC RESEARCH is a formal investigation da.ititied to develop or contribute to generalizable knowledge

HUMAN SUBJECT is a person about whom an investigator (professional or student) conducting scientific

research obtains (1) data through intervention or interaction with the person, or (2) identifiable private

information.

SUBJECT AT RISK means any individual who may be exposed to the possibility of injury, including physical,

psychological, or social injury, as a consequence of participation as a subject in any research, development,

or Mated activity which departs from the aprilkation of those established and accepted methods necessary

to meet his or her needs, or which increases the ordinary risks of daily life, including the recognized risks

inherent in a chosen occupation or fiela of service.

INFORMED CONSENT means the knowing consent of an individual or his or her legally authorized represen-

tative, so situated as to be able to exercise tree power of choice without undue inducement or any element of

oorce, fraud, deceit, duress, or any other form of constraint or coercion The b,isic elements of information

necessary to such consent include.

(1) A it explanation of the procedures 10 be followed, and thou pill including idoillific.ition of

any edureg which are experiment it The explanation must be in language understandable by

the subject.

(2) A deiCription of any attendant discomforts and risks reasonably to be expected and safeguards to

be used;

(3) A discription of any benefits reasonably to be expected;

(4) A disclosure- of any appropriate alternative procedures that might be advantageous for the subject;

(5) An offer to answer any inquiries concerning the procedures;

(6) An instruction that the person is free to withdraw his,or her consent and to discontinue participation

in the project or activity at any time without prejudice to the subject; and

(7) With respect to biomedical or behavioral research which may result in physical injury, an explanation

as to whether compensation and medical treatment is available if physical injury occurs and, if so,

what it consists of or where further Information may be obtained

Receptor' may lie tisrrt if an experiment If thin souoht for datn can he olitaitind ur tin other way In

the sutsects should he told that the expel/mot cannot be fully deserted in advance lest Ibex ret,00r Ise:, tin d, Nit th.it a di. ,..irotrun

will be given them at the conclusion of the
experiment Deception, if used, must be a part of the experimental design and not a means 01

iabtaining sot:sects' participation

DEFINITIONS taken from The Instilutiniml Guide to MEW Policy on Protection of Human Subincts. Of lEW Put,tation No (Nile 72.102.

Decembr 1, 1971, and the Federal Register, Vol 43, No 214, November 3, 1978 I or further information consult the Manual for

Members of Insitutional Review Boards which Is available from the 1UB Committee or the Office of Research and GraduAle Development

-4-



COMMITTEE APPROVAL

I.
2
3.

Requires approval by
Campus Committee prior
10 project wytiallon

0 yes Ono

Date

Indiana University lloomIngton Campus

Committee for thie Protection of Human Subjects

DOCUMENTATION OF FIEVIEW AND APPROVAL

of
Research Project Utilizing Human Subjects

%WM/. 11 I Li. USE ONLY:
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1

2

3

4

5

7

8
9

PROJECT TITLE.
Facilitating Problem Solving in Hip Schmid_ Chemistry

AGENCY GRANT NUMBER (IF KNOWN):

As the signature below testlhes, the principal investigator(s) Is pledged to conform to tho following precepts:

As one engaged in investigation utilizing human subjects, I acknowledge the rights and
welfare of the human subject or patient involved.

I acknowledge my responsibihty as an investigator to secure the informed consent of
the subject by explaining the procedures, in so far as possible, and by describing the
risks as weighed against the potential benefits of the investigation.

I am in agreement with the Indiana University Statement of Principles Regarding the
Use of Human Subjects in Research. i understand that in research a fundamental dis-
tinction must be recognized between research in which the aim is essentially thera-
peutic for a patient, and research, the essential object of which is purely scientific and
without therapeutic value to the person subjected to the research.

If there is reason for me to deviate from these precepts, I will seek prior approval in
writing from the Bloomington Campus Committee for the Protection of Human Subjects.

Iluri)LIty L. Gabe I ft( / ;if 4
Robert. D. Slivrwood f, / /, ;), /,

TYPED NAME(S): _ _ _ ( '
Principal Investigator(*) or Proloct Director

i,
:(Wi <Ill . (/

SIGNATURE(S): A .. 1 0 (1 Ott, c_ '4 6 CI `' t' DATE: /'
,/ / /

CHECK UST FOR PRINCIPAL INVESTIGATOR: ID FORMS COMPLETED (ALL spaces filled in)

(0-FORMS SIGNED (ALL signature spaces)

//

'COPY OF PROPOSAL ATTACHED

Q-LETTER OF INFORMED CONSENT ATTACHED

This protocol for use of human subjects has been reviewed and approved by the Indiana University
Bloomington Campus Committee for the Protection of Human Subjects.

CHAIRPERSON OF IUB COMMITTEE DATE
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5 0 s



APPENDIX B

438

Aptitude Irrtruments and Item Analyses

Proportional Reasoning Test 439

Proportional Reasoning Test 446

Administration Directions

Proportional Reasoning Test
Item Analysis 447

Verbal-Visual Preference Test 448

Verbal-Visual Preference Test
Administration Directions 454

Verbal-Visual Preference Test

Item Analysis 455

Mathematics Anxiety Test 456

Mathematics Anxiety Test
Administration Directions 463

Mathematics Anxiety Test
Item Analysis

464



Proportional Reasoning Test

General Directions

This is a 1:,st of certain understandings, skills and abilities
that you have gradually developed. The total number of correct

, answers that you mark will be your store. Wrong answers will
a questions.

If a question seems too hard, make the best guess you can.

Use the special pencil to mark your answers on the separate
answer sheet. Do not mark on the test booklet. Each question

has only one best answer. Mark only one answer for each question.
To change an answer, erase your first mark completely. Use the

scratch paper provided.

Problem tasks for you to solve will be presented on the
television screen. When you are told to begin, watch the
television screen carefully. Then answer the questions in the

booklet connected with the demonstrated task. Stop when you

see the word "STOP" below the question you just answered.
Wait-far further directions from the person giving the test.

439

STOP. DO NOT TURN TEE PAGE UNTIL YOU ARE TOLD TO.

C.



Directions: Part I - III

Carefully watch the TV screen as the problem task is presented.

eci e w.ich one of the

four possible answers is the correct or best one.

Look on your answer sheet to find the mw of boxes which has

the same number as the question. In this row, mark the box

having the sass letter as the answer you have chosen.

Example,

A closed figure having all four sides 4qual is a

A) triangle
S) rectangle
C) square
D) parallelogram

2
440

The correct answer to this question is lettered C, so you should

mark box C if this question were on the test.

STOP. DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD /0.

511



PART I

3 441

Meet Mr. Short

1. What is the relation between the two paper clip chains?
A) 5 small paper clips Laid end-to-end are the same length as 3 big

paper clips laid end -to -end.

B) 3 small paper clips laid end-to-end are the same length as 5 big
paper clips laid end-to-end.

C) the big and the small paper clips are the same length.
D) not sure.

2. Mr. Short is 6 big paper clips tall. Mr. Tall is 9 big paper clips tall.

Mr. Short is also 10 small paper clips tall. What is *.r. Tall's height

in small paper clips?
A) 12

B) 13

- C) 15

D) 16

3. Which method is most like the one you used to find the answer in question 2"

A) estimated guess
B) addition and/or subtraction
C) addition and/or subtraction along with iultiplication and/or division
0) multiplication and/or division.

STOP. DO NOT GO ON UNTIL TOLD TO.
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11 10 9 7 6 5 4 3 2 1 0 1 2 3 4 5 6. 7 8 9 101 11

4. No weight is hung on either side of the center point (fulcrum).What
will be the position of the beam?
A) The right end will tilt down.
B) The beam will be be.anced.
C) The left end will tilt down.
D) Not sure.

5. Weight is placed on one side of the beam. Can you rebalance the beam?
A) Yes. Add weight on the side opposite the first weight.
8) Yes. Add weight on the same side as the first weight.
C) No.

D) Not sure.

6. A 10 gram weight is placed at point 6 on the left side of the beam.
Now can the beam be balanced?
A) Hang a 6 gram weight at point 10 on the right side of the beam.
B) Hang a 10 gram weight at point 10 on the right side of the beau.
C) Hang a 20 gram weight at point 6 on the right side of the beam.
D) Not sure.

7. Which reason best matches the reason for your answer to question 6?

A) 10 x 6 6 x 10.

B) Left sida: 110 + 6 Right side: 6 + 10.
C) Lighter. weight Rust be placed farther from the center.
D) None of the above

8. An 8 gram weight is placed at point 6 on the left side of the beam.
Where should you place 12 grams of weight to balance the beam?
A) at point 7 on the right side
8) at point 4 on the right side
C) at point 2 on the right side
D) at point 1 on the left side

9. Which reason best matches the reason for your answer to question 8?

A) 8 + 6 14, 2 + X 0 14, X 2.

8) 8 x 6 48, 12 x X 0 48, 'X 01 4.

C) Heavier weights,.must be placed closer to the center.

D) None of the above.

GO ON TO THitAEXT PAGE.
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10. A 4 gram weight is placed at point 2. A 6 gram weight is placed at
point 4. Both weights are on the left side of the beam. Where should
you place an 8 gram weight on the right side to balance the beam?
A) at point 2
B) at point 4
C) at point 6
D) at point 8

II. Which reason best matches the reason for your answer to question 10?
A) (4 x 2) + (6 x 4) 8X, then X 0 4.
B) Heavier weights must be placed closer to the center.
C) (4 + 2) + (6 + 4) 8 + X, then X 0 8.
D) None of the above.

STOP. DO NOT GO UN UNTIL TOLD TO.
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Part II
Sr.

12. What is the relationship between the number of Ldrns macr by the small
disk compared to the number of turns made by the large disk?
A) The small disk turns seven times when_ Idle Jaryy disk-turns five-_ times.

B) Th.), both turn the same number Of times.
C) The small disk turns five times when the large disk turns

seven times.
D) Not sure.

13. If the small disk turned 14 times, how many times wculd the large

disk turn?
A) 7

B) 10

C) 12

D) 16

14. Which method is most like the one you used to find the answer in
question 13?
A) estimated guess
B) addition and/or subtraction
C) addition and/or subtraction along with multiplication and/or division
D) multiplication and/or division

15. If the large disk turned 2 6/7.times, how many times would the small
disk turn?
A) 3

B) 4 6/7
C) 4

D) 5 3/5

16. Which method is most like the one you used to find the answer in

question 15.
A) estimated guess
B) addition and/or subtraction
C) addition and/or subtraction along with multiplication and/or

division
U) multiplication and/or division

STOP. DO NOT GO ON UNTIL TOLD TO.
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Part III

, c

.2

4

q

17. What is the relationship between the height of water in the two
cylinders?
A) the water rises six units in_the wider_cylinder-immi-frar-utitS---

n the narrower cylinder.
B) the water rises four units in the wider cylinder and six units

in the narrower cylinder.
C) the water rises the same in both the wide and narrow cylinders.
U) Not sure.

18. Suppose than a new sample of water ros six units in the wide
eylinde How far would it rise in the narrow cylinder?
A) 4

B) 6

C)

D)

19. Whil.: *hod is most like the one you used to find the answer in
quesl oil 103

A) timated guess
B) addition and/or subtraction
C) addition and/or subtraction along with multiplication and/or

' division
D) -4ultiplication and/or division

20. Suppose a new sample of water rose ten units in theparlw
cylinder. How far would it rise in the wide cylinder? _IP
A) 6 2/3

8

C) 9 1/2

D) 15

21. Which method is most like the one you used to find the answer in
question 20?
A) estimated guess
B) addition and/or subtraction
C) addition and/or subtraction along with multiplication and/or

division
D) multiplication and/or division

STOP. THIS IS THE END OF THE TEST.
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Piagetian Proportional Reasoning Test

-,Directions for Administration

PPRT is a three part test which attempt:. to measure the presence

of the Piagetian mental schema of proportional reasoulhg. Instructions

-to-be-read aloud to the subjects are in capital letters. Instructions'

only for the examiner are in regular type.

1. Have students seated in the examination room. After making

introductory remarks, say: I WILL NOW HAND OUT ALL TESTING

MATERIALS. DO NOT OPEN YOUR TEST BOOKLET UNTIL TOLD TO. YOU

SHOULD EACH HAVE A 'PEST BOOKLET, ANSWER SHEET, A #2 LEAD

PENCIL, AND SCRATCH PAPER.

2. Distribute the test booklets, answer sheets,'pencils, and

scratch paper.

446

3. Have the students write their name at the top of the name grid

and fill in the name grid.

4. Say: READ SILENTLY THE GENERAL DIRECTIONS WHILE I READ THEM

ALOUD. After reading the directiOns, say: ARE THERE ANY

QUESTIONS?

5. Say: TURN TO THE NEXT PAGE AND READ THE DIRECTIONS FOR PARTS

I-IV SILENTLY WHILE I READ THEM,ALOUD. After reading the

directions, say: ARE THERE ANY QUESTIONS?

6. Play the example demonstration on the TV monitor and have the

subjects answer the example question.

7. Say: REMEMBER: THIS IS AN UNT1MED TEST. WORK QUICKLY AND

DO THE BEST YOU CAN. YOU ARE NOT PENALIZED FOR GUESSING.

8. Say: NOW YOU ARE READY FOR PART 1. CAREFULLY WATCH THE TV

MONITOR AS THE PROBLEM TASK IS PRESENTED.

9. Play the Part I task. Then say: TURN THE PAGE)AND BEGIN.

10. When all students have completed questions 1-3, play the second

section of the task for Part J. Then say: TURN THE PAGE AND

ANSWER QUESTIONS 4 THROUGH 11 THEN STOP.

11. When all students have answered question 11, play ..ue Part II

task on the TV monitor. Then say: TURN THE PAGE AND BEOIN.

STOP AT THE END OF :'ART II WHEN YOU SEE THE WORD STOP.

12. When all students have finished Part II, play Part 111 and say:

TURN THE PAGE AND BEGIN. STOP WHEN YOU' HAVE COMPLETED PARE III.

13. Either collect all test materials Iron students wi they finish

or collect them when all students are dotu..
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Item Analysis Proportinal Reasoning TeSt

Item A

1 98.0*

2 1.2

3 4.6

2.6

Repponse Percentage

B Blank

5 95.4*

6 88.3*

7 36.7*

8 4.6

9 18.5

10 6.0
..

11 38.5*

12 99.0*

11 1.2

14 3.8

15 16.7

16 31.2

17 3.2

18 4.0

19 7.7

20 44.2*

21 13.5

.8

17.7

26.8

.6

79.4*

16.9

.6

1.8

51.4*

97.2* 0.2

2.4' 2.0 .2

c

7.1 1.4 3.2

23.4 30.0 9.5

56.2* 38.i 1.0

42.9* 29.0 9.3

41.7*
.

-20.6, 31.2

8.1 30.4 22.6

.'6 .2 .2

84.1* ?.0

27.6 11.1 57.3k

38.3 34.3* 10.3

23.2 15.9 29.2*

95.4* 1.0

1.6 49.0 45.2*

41.7 12.1 38.1*

47.0 3.2 5.0

13.5 13.5 33.7*

11504
4iCoriect
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.6
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.6

.2

.2
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.6

1.6

447



Verbal-Visual Test

INSTRUCTIONS

The statements on the,f9110lialrpage!represent ways of thinking,-.
, -

studying and problesmolving, which are true'lesonif people 'and not for

others. Read each statement and decide whether c\l'iNnot it i4 true with

to yourself,-then,indicate your answer on the parate answer

sheet.
0

If you agree with the statement or decide that it doei describe

you, answer TRUE by marking iu the circlq below the letter A. If

disagree with-the statement or fhat it is not descriptive oiyou,

". ,
3.\

answer FALSE by maik(Kg in the circle.,below the ter R. Aneer the

statements as carefully and honestly as you can. The atementmare not

designed to asseassthe goodness or badness of the way you think. They

are attempts to discover the lithods of thinking you coneietently use in\-

various situations. There- are no right oar -wrong answers. N

In marking your answers on_tha answer sheet, be. sure that the number
\

that you are answering is the-same as the number on the answer' sheet.

Answer every statement.tither true (A), or false (B), even if you

are not completely sure of your answer.
4F

If there are any questions, please

. raise your hand.
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1. I have no difficulty in expressing myself verbally.

2. Listening to someone recount,bi experiences does not usually arouse
mental pictures of the incidents'being described.

3. When reading fiction I usually form a mental picture of a scene or room
that has been described.

4. Essay writing is difficult for me.

5. By using mental pictures of the elements of a problem, I am often able
to arrive at a solution.

6. r enjoy being able to rephrase my thoughts in many ways for variety
bake when both writing and Lpeaking.

7. I tell jokes and stories poorer thah most people.

8. I enjoy doing work that requires the use of words.

9. My day dreams are sometimes so vivid I feel ab though I actually
experience the scene.

10. I often use mental pictures to solve problems.

11. I find it difficult to find enough synonyms or hlternate forms of a
word when writing..

12. I have difficulty expresiing myself in'writing.

13. My knowledg. 411.4 use of grammar needs improvement.

.14. I would rather work with ideas than words.

15. L enjoy learniiigntw words and incorporating their. into my vocabulaq.

16." I do not have a vivid imagination.

17. I can easily picture moving objects in my mind.

18. I can form mentul pictures to almost any word.

19. I have only vague visual impressions of scenes . have experienced.

20. I can easily think of synonyms for words.

21. I think that most people think in terms of mental pictures whether they
are completely aware of it or not.
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22. I am able to express my thoughts clearly.

23. I consider myself a fast reader.

24. I have a large vocabulary.

25. I find it easy to visualize the faces of people I know.

26. My marks have been hampered by inefficient reading.

27. It bothers me when I see a word used improperly.

28. I am fluent at writing essays and reports.

29. I can close my eyes and easily picture a scene I have 'experienced.

30. When someone describes something that happens to him, I sometimes find
myself vividly imagining the events that happened.

31. When I hear or read a word, a stream of other words often comes to mind.

32. I read rather slowly.

33. I am usually able to say what I mean in my first draft of an essay or
letter.

34. I never use mental pictures or images when trying to solve problems.

35. Studying the use and meaning of words has become a habit with me.

36. I speak or write what comes into my head without worrying greatly about
my choice of words.

37. I find it difficult to form a mental picture of anything.

38. My dreams are extremely vivid.

39. I have better than average fluency in using words.

40. I read a great deal.

41. I am continually aware of senteuce structure..

42. _My thinking often consists of mental pictures or images.

k3.- I do not form a mental picture of people or places when reading of them.

44. I often have difficulty in explaining things to others.

45. MY daydret4.43 are rather indistinct and hazy.

Jr.2
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46. I often enjoy the use of mental pictures to reminisce.

47. I often use mental images or pictures to help me remember things.

48. When remembering a scene I use verbal descriptions rather than mental
pictures.

49. I take great pains to express myself with precision and accuracy in
both verbal speech and written work.

50. I have difficulty pt-oducing associations for words.

51. oaten have ideas that I have trouble expressing in words.

52. Just before falling asleep I often find myself picturing events that have
happened.

53. I am, a good story teller.

54. I spend very little time attempting to increase my vocabulary.
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Modified Verbal-Visual Questi,nnaire

Directions for Administration

VVQ is a series of agree-disagree statements which attempts to measure
subjects preference for either verbal (low score) or visual (high

score) encoding of information. Instructions to be read aloud to

subjects are in capital-letters. Instructions only for the examiner

are in regular type.

1. Have students seated in the examination room. After making

introductory remarks, say: I WILT. NOW HAND OUT_AW-TESTING

MATERIALS. DO NOT OPEN YOUR TEST 1113pKLETUNIff. TOLD TO. YOU

SHOULD EACH RAVE A TEST BOOKLE1-,--ANSWER SHEET, END A #2 LEAD

PENCIL. -

2.DistiibUte the test booklets, answer sheets, and pencils.

3. Have the students write their name at the top of the name grid

ft and fill in the name grid.

4. Sty: READ SILENTLY THE INSTRUCTIONS WHILE I READ THEM ALOUD.

After reading the instructions say: ARE THERE ANY QUESTIONS?

5. If no questions, have the students turn the page and begin.

Collect materials as students finish.
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Item Analysis Varbal-Viius: Preforeo..e rzst

Ir.srPetyps** A

Ve
V1

56.3
15.3

43.3*
84.7*

.4

3 VI 93.8* o.2

4 Vs 52.0* 47.8 2

S Vt 81.7* 38.1 .2

S le 89.6 30.0 .4

1 Ve 29.6* 70.2

8 Ve 43.8 56.2*

9 Vt 61.7* 38.2

10 Vi 66.3* 33.7

11 Ve 44.8' 55.2

12 V* 16.%, 63.1

13
13

Ve
Ve

74.4*
17.6*

25.4
22.4

.2
--

IS Ve 73.6 26.241 .2

'6 Vi 14.1 85.9' --

17 Vi 34.7* 15.2

18 IL 59.3* 40.5

19 V1 16.3 32.74

20 Ve 49.4 50.6*

21 Vt 89.5 10.3

- :2 Ve 33.4 44.6*

23 is 41.2 51.8*

24 Vs 46.6 53.1*

25 Vi 86.5' 13.5 ...

26 V.1 24.8* 75.2

27 Ve 35.0 43.0 --

28
29

Ve

Vl

30.8

92.1*
.63.6'

7.7

.4

.2

30 Vt. 81.9* 17.9 .2

21

22

Vs

Te

46.6

27.0
51.2*
72:1

.2
i..

33 Ve 56.5 43.1" .1

24 V1 3.9 90.9 .:

35 V. 22.4 77.2
36 Ve 39.9* 59.9 .2

37 Vt 2.6 97.2* .2

38 ' V! 71.0* 23.3 .2

39 55.4 :....A .2

.0 Vs 49.4 50.0* .6

.1 vs 24.0 71.6 .4

.2 71 80.4* 19.0 .2

7.5 92.2* .2-43
44 Ve 31.5' 97.7 .o

.5 Vt
15
..... 77.6* .2

46 7t 90.9* 3.7 ..

47 90.1* 9.3 .4

4s Vi 18.5 80.6* 1.0

49 I.'s 35.9 62.5* -.6

50 20.3* 64.5 .3

51 Ve 52.4* :5.9 .8

52 7t 67.2* 11.9, .3

33 Ve 50.: ..1..2* 1.,

54 Ve 48.0 43.3 3.2

N*304
* "12..srwt- :or vtival iOte
" Vt tnr iteMit 4211. Ve for '.:CJ. 1t4ms ()II

594
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Directions for Administration: Mathematics Anxiety Rating Scale (MARS).

1. Pass out Answer Sheets, ar.d have students fill in the name section

(Last, First, Middle Initial).

2. Please have the students fill in the IS section under Special

Codes with your number code (listed below). (See Simple)

3. Pass out the test booklets and have the students read the instructions

on top. Please do not have them write on the test booklet.

4. The instructions at the top of the page have the phrase "ylim are

frightened by it nowdays." By "frightened" we mean "do not like to

do it at all" or "become anxious or upset when doing it."

5. While therQ are several items, it should only take about 20 minutes

to complete the test.

ti
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Item Analysis Mathematics Anxiety Test

Item

Immunise Percentage
A a c ) Blank

1 58 30 9 2 8

2 36 37 15 9 3

3 36 3S 18 7 4

4 33 40 111 7 4

5 89 8 2 1 1

6 53 30 11 4 2

7 SO 27 1$ 5 3

I SO 27 15 ' 4 4

9 29 37 24 7 3

10 SO 29 12 7 3

II 38 30 17 a 6

12 60 26 IA 2 1

13 61 28 8 2 1

14 92 5 1 1 0

IS 26 27 23 12 12

16 60 24 10 5 1

17 62 20 10 S 3

18 S3 28 13 3 4

19 61 22 11 4 2

20 -47 29 13 8 4

21 70 17 9 2 2

22 67 24 7 1 1

23 71 16 6 3 * 4

24 64 24 8 2 2

25 67 22 6 3 3

26 55 28 9 4 4

27 50 31 14 3 2

28 67 20 4 3 4

29 SO 30 3 5 2

30 86 10 3 0 0

31 56 30 10 3 1

32 19 29 14 9

33 33 30 9 b

34 31 32 20 10 7

3S SI : 31 11 4 2

36 60 24 9 4 3

37 72 18 6 2 2

38 77 13 6 1 1

39 74 18 4 1 2

40 40 33 15 8 4

41 39 33 16 7 S

42 57 27 11 3 2

43 17 27 27 12 17

44 41 35 17 4 2

45 44 29 13 8 5

46 53 30 72 4 1

47 77 17 4 1 1

48 69 23 6
, 1

49 49 34 13 2 2

SO 40 37 16 5 3

51 25 42 18 7 8

52 39 30 21 7 4

53 26 38 17 22 6

S4 12 2S 26 14 22

SS 69 21 7 3 I

56 67 23 6 3 1

57 42 32 16 7 3

58 42 37 14 5 2

59 63 23 10 3 1

60 69 23 5 2 1

527
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Item Analysis Mathematics Anxiety Test
(continued)

Item
Res se Pcrcenta

61 16 34 26 14 10
62 59 25 10 4 2
63 48 32 14 4 2
64 50 30 13 5 1
65 47 32 15 4 2
61, 39 31 18 8 ' 5
67 80 15 5 0 0
68 84 12 3 1 0
69 83 13 4 1 0
70 A" 69 .22 7 2 0
71 58 28 9 3 2
72 16 38 24 13 10
73 40 34 13 9, 4,
74 20 32 23 12 14
75 19 24 23 14 21
76 18 23 18 15 26
77 11 38 26 10 8
78 34 31 19 10 6
79 14 24 23 18 21
80 81 10 6 2 1
$1 55 25 12 5 3
82 33 39 16 9 3
13 53 28 12 4 3
84 12 32 29 16 = 12
ts 26 26 22 12 14
86 38 32 19 8 4
87 52 30 12 4 1
88 47 30 15 7 2
19 52 26 14 6 2
90 53 28 13 4 1
91 18 30 24 IS 13
92 54 24 IS 5 2
93 68 20 9 2 1
94 35 37 20 6 2
95 SO 29 12 7 3
96 33- 3G 18 8 5
97 62 25 10 2 1
98 65 , 21 8 4 2

N 553
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_

REVI V V' COMMENTS ON
DEPENDENT MEASURES.

The reviewers evaluated the quizzes and tests at the same time as they
evaluated the instructional units. Overall directions for reviewing are
given in Appendix A. -

Questions (Q) and Responses (R) for Moles Quizzes and TestS.1

I. Quizzes: (Ort each quiz, two it measure the same objective.
One item will involve decimals whereas-t e other uses whole
numbers. We thought we would check to,see f there are aay
differences.)

(Q) a; It there are any quiz items that do not ma the stated
Objectives, please list the number,of the it

(R1) O.K.

(R2) None.

(Q) b. If there are agy quiz items with content errors, please
note item andifrror.

(R1) O.K.

(R2) None.

II. Test

(Q) a. Do you think the test adequately samples the objectives
of the unit?

(Q) b

(R1) For the length of the test, it is fine. I think
there are sane common misconceptions or errors
which aren't checked by any.of the items, but the
objectives arc samoled.

(R2) Much more thanradequatecoverage is excellent.

. Each test contains one-or more items that we consider to
e transfer items. Please select any you consider to be

this category.

(Note: Response has been summarized because of
length) I'm not sure that-any of them are but I'm
reasonably confident that items 4 and 9 are the ones
you have in mind. Other transfer items are possible

1 that might be better.

(R2) #4, 9.
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REVIEWERS COMMENTS ON
DEPENDENT MEASURES

The reviewers evaluated the quizzes and tests at the smite dime as they

evaluated the instructional units. Overall directions TOr reviewing,

arc given in Appendix A. ,

Questions ND and Responses (R). for Gas Laws Quizzes and Test.

\\

I. Quizzei (On each quiz, two items may measure the same objective.,
One item willinvolve decimals whereak the other uses whole

numbers. We thought we would check to see if there areany

differences). %

(Q) a. If there are any quiz items that do not match the, stated

objectives, please list the number of the item.

(kl) No response.

(R2) None.

(Q) b. If there are any quiz items with content errors, please

note them and the error.

(R1) No response.

(R2) None.

II. Test

(Q) a. Do you think, the test adequately samples the objectives

of "the unit?

(R1)7Yes. 4,

Alf".) Yes, there is excellent coverage of the objectives.

h. Each test contains one or more items that we consider to be

transfer items. Please select any you consider to be in

this category.

0a) I like #3 because ;hey now need to use the same logic

to derivtra relationship showing P related to T with

V constant. They may simply say PN=

,canceling the V1 and V2, in which 1 "ri-

case little or no transfer is involved.

ito and #10 involve transfer of concepts from the
40P mole unit to this unit.

(R2) Oe and #10.
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REVID D. COUNTS ON
DEPENDENT MEASURES

The reviewers evaluated the quizzes and tests at the same time as they
evaluated the instructionarunits. Overall directions for reviewing
are given in Appendix A.

Questions (Q) and Responses (R) for StoichiometrrQuizzes and Test.

.1. Quizzes (On each quiz, two items may measure the same object0e.
One item will involve decimals whereas the-other uses whole
numbers. We thought we would check to see if there are any
differences) .

(Q) a. If there are any quiz items that do not match the stated
objectives, please list the number of the item.

(R1) No response.

(R2) 'None.

(Q) b. If there are any quit items with content'errors, please
note them and the error:

II. lest

(Q) a.

(R1)

(R2)

S-I-QP-1, #4 doesn't exactly have an error but
mentioning STP for the CO2 but not indicating T
and P for the other gases could be misleading.
Are only two choices intended? Where is the
correct answer? ..,

S-I-QP-1, question 4. Only two of the four
alternatives are listed and the correct one is
not among them (A, B listed; C, D not shown).
(Note: This'error was corrected before student
use.)

De you think the test adequately'samples the objectives
of the unit?

(R1) Yes,

(R2) No response.

(Q) b. Each test contains one or more items that we congider to be
transfer items. Please select any.you consider to be in this
category.

(R1) #5 and #9 (I predict students will do poorly on them).

469

(R2) #5, 9, 10.

53ti
,t



;

REVIEWER. core TS ON

DEPINDENT MEASURES
'

The reviewers evaluated the quizzes and tests at the same time as thjy

evaluated the instruCtional units. Overall directions for reviewing

are given in Appendix A.

Questions (Q)- and Responset (RO.for Molarity. Quizzes and Test.

I. Quizzes (On each quiz, two. items niay measure the saiie-objective.

One item will involve decimals whereas the other uses whole

numbers: We thought we would check to see if there are any

differences).

(Q) a. If there are any,quiz items that do not match the stated

objectives, please,list the number of the item.

(Q)` b.

(11) No response.

(R2) None.

If there are any quiz items with content errors, please

note than and the error.

(R.1) No response.,

(R2) None.

Do you think the test adequately samples the objectives

of the unit?

(R1) Best you can do with la items but you covered

a lot.of material.
4

(R2) Yes.
4

(Q') b. 6:ch test containsone or mote items that we consider to be

/transfer items. nease'select any you consider to be in

this category.

#5, #7 and possibly #10. I expect the reasoning
involved is different than what is used elsewhere
in the unit but the skills seem to be the same.

#5 and #10. I selected #10 because different

information is given to do the calculation
compared to the objective #2 stated in lesson 3.

Note: In all cases where I chose items as transfer
ones, I still feel that they match objectives

reasdnably well. I really liked the instructional

materials. They were well planned and executed
and the quizzes and unit tests are solid (face)

measures of the material and transfer,
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UNIT REVIEWER'S CCHEM'S
ON INSTRUCTION

INSINUCTI(NS To Reviewers): Please read through the materials and
answer the following questions. We are particularly interested in
your comments on the content, rather than the method.

Questions (Q) and Responses (R) MOLES UNIT

I. TEALUER'S WIDE

(Q) a. Are the objectives reasonable for the topic:

(R1) They look O.K. to me.

(R2) Yes.

,).) b. Are the prerequisite skills adequate?

(R1) Well, they need'to be able to read, write, and all
that, but otherwise they look O.K.

(R2) Yes.

II. Instructional Materials

(Q) a.

(Q) b.

Is there adequate coverage of the topic?

(R1) No response.

Yes, very well done with many analogies within
wmmon experience (bricks) as the Tole concept
is developed.

(R2)

Are any errors in chemistry present?

(R1) A few places, where there may be confusion. I have
indicated these (Lesson I).

(R2) I found none.

(Q) c. Does the unit appear to be matched with the objectives?

(R1) -Yes.

(R2) lost definitely!
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UNIT REVIEWER'S COMMENTS
ON INSTRUCTION

INSTRUCTIONS (ro,Reviewers): Please reld through the materials and

answer the following questions. We are particularly interested in

your comments on the content, rather than the method.

Questions (Q) and Responses (R): GA4-LAWS UNIT

I. TEACHER'S GUIDE

(Q) a. Are the objectives reasonable for the topic?

(R1) Yes.

(R2) Yes.

(Q) b. Are the prerequisite skills adequate?

(R1) Yes.

(R2) Yes. Although some students (even in chemistry)

will need to learn how to calculate °K from °C

and vice versa, this is easily taught.

II. InstruCtional Materials

(Q) a. Is there adequate coverage of the topic?

(R1) Depends on your point of view. The focus is on getting

answers to problems rather than understanding the

beha, ior of gases. I would prefer the latter but

e'" ,A the former is dictated by the purposes of the

l_search.

(R2) Yes, again, more than adequate = excellent. I really

like the style.

(Q) b. Are any errors in chemistry present?

(R1) _See Lesson 2.

(R2)- .kpossible error exists; not in the chemistry, but in

the definition of proportion in Lesson 1. P1V1, = k =

P2V2 P1V1 a P2V2, is a proportion, but, at least,

most high school students won't know that it is or

isn't, because P1V1 - P2V2 can be P1V1 = P2V2

1 T-
A proportion is the equality of 2 Ratios. However,

in your lessc 1 you never makf, this clear how

P1V1 = P
2
V
2

is the equality two ratios. Most

students will simply view it as the equality of
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Gas Laws - 2

f

products. You could use P1 V2 but this

presents a transition
gas law lesson. P1

problem to the combined

V2 , however, is the

clear statement of the equality of 2 ratios
that students will recognize as such. In sum,

what 1 am saying is that in lesson 1, you may
not he teaching than by the proportional method,
although you view it as such.

(Q) c. Does the unit appear to be matched with the objectives?

(U) Yes.

(R2) Well matched.

53o
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UNIT REVIEWER'S ONENTS
ON INSTRUCTION

INSTRUCTIONS (To Reviewers): Pleaseread through the materials and

answer the following questions. We are particularly interested in

your comments on 'the content, rather than the method. .

Questions (Q) and' Responses (R) : STOICHICMETRY UNIT

I. TEACHER'S (7 ''DE

(Q) a. Are the.oblectives reasonable for the topic?

(Q) b.

(141) Yes.

(R2) Yes, they remind me of my years at NCHS.

Are the prerequisite skills adequate?

(R1) Yes.

(R2) Yes, although you list a prercquisite skill the
ability to balance equations, you don't%emphasize
it in the unit.

II. Instructional Materials

(Q) a.

(Q) b.

Is there coverage of the topic?

(R1) Yes. (Too much?)

(R2) Excellent coverage.

Are any errors in chemistry present?.

(R1) I didn't find any.

(R2) S-III-P-2* The equation 3Ho + 2N77.4 2NH3 is not

balanced! (A simple typo trror.,

Does the unit appear to match with the objectives?

(R1) Yes.

(R2) Very well matched; no loose ends hanging.
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UNIT REVIEWER'S CCINENTS
ON INSTRUCTION.,

INSTRUCTIONS (To Reviewers): Please read through the materials and
answer the following questions. We are particularly interested in
your comments on the content, rather than the method.

Questions (Q) and Responses (R: MOLARITY UNIT

I. TEACHER'S WIDE

(Q) a. Are the objectives reasonable for the topic?

(R1) Yes.

(R2)" Yes, quite reasonable expectations.

(Q) b., Are the prerequisites skills adequate?

(R1) Lesson 2, they must know what a mole is and
how to convert from mass to moles.
(Other units cover this, of course).

(R2) Yes, you Have considered what they should
know before attempting the unit.'

II. Instructional Materials

(Q) a. Is there adequate coverage of the topic?

(R1) No response.

(R2) Again, tbp instructional materials are excellently
done.

(Q) b. Arc any errors in chemistry present?

(R1) Yes, see comments on lessons.

(R2) I found none, except for a misspelled word on
Mo -1 -P -6 in the problem: Cobolt should be Cobalt.

(Q) c. Does the unit appear to be matched with the objectives?

(R1) Yes.

(R2) Well matched.
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Dependent Measures and Item Analyses

Moles Immediate and Delayed Posttests . . . 477

Gas Laws hrediate and Delayed Posttests. . 484

Stoichiometry Immediate and Delayed

Posttests
489

,

Molarity Immediate andDelaYed Posttests.

ACS-NSTA Chemistry .Achievement Test

Regular

ACS -NSTA Chemistry Achievement Test*

Scrambled

z

496

501

504k'
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Name
Period
or

Small group

477
Moles I - QA 1

Please answer the following questions by circling the correct answer.

In order to get full credit, you must shad your woik for question 6.

Pemenber, 1 mole = 6.02)(1023 particles and that these problems very

similar to the use of dozen. Example, how many dozen oranges would be

iepresented by 24 oranges?

24 oranges = 2 dozen
127 oranges/dozen

1. Carbon tetrachloride has the formula CC14. Hbw many moles-9f chlorine

atoms (C1) are in 3 moles of carbon tetrachloride?

a. 3 moles

b. 6.02 x 1023 moles

c. 12 moles

d. 24.08 x 10
23

moles

2. How many atoms of aluminum (Al) are present in 3 mole3 of aluminum?

a. 2.00 x 1023 atoms

b. b.02 x 1023 atoms

c. 9.03 x 1023 atoms

d. 18.06 x 1023 atoms

3. How many moles of calcium hydroxide Ca(OH)2 correspond to 12.04 x 10
23

molecules of Ca (OH)2?

a. 0.5 mole c. 3.01 x 1023 moles

b. 2.0 moles d. 24.12 x 1023 moles
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Moles I 2

4. Isk:sy many atoms of aluninum (Al) are present in 2.3 moles of Al?

a. 0.382 x 1023 atoms

b. 2.62 x 1023 atoms

t. 13.85 x 1023 atoms

d. 27.70 x 1023 atans

S. How many atoms of chlorine (C1) are present in 4.0 moles of carbon

tetrachloride (CC14)?

a. 1.51 x 1023 atoms

b. 6.02 x 1023 atoms

c. 24.08 x 1023 atoms,

d. x 1023 atoms

b. I knv many moles or fluor I ne a t oms (U) correspond to 18.06 x 1023 molecules

of calcium fluoride CiF2? (You must show your work to get full credifb

a. 3

b. 6

c. 18

d. 36
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Moles II QA - 1

Name:

Period or
small' group

Please answer the folloWing questions by circling the correct answer.

In order to get full credit for question four you must show your work.

These problems arc very similar to problems like that of the packing

carton. Example: How many dozens of fruit can be stored in a box of

69 pints if each dozen has a volume of,3 pints?

69 pia; 23 dozen
dozen

Remember, just as.in this example'where 1 dozen =,3 pints for gases 1 mole

=.2244 liters at SIP.`

1. A sample of helium He contains 2 moles. How'many liters would this

gas occupy at SIP?

a. 0.089 liter
b. 2.0 liteis
c. 11.2 liters
'd. 44.8 liters

2. How many moles are represented by 70 liters of fluorine gas (F2) at SIP?

a. 0.32 mole
b. 3.125 moles
c. 70 moles
d. 1589 moles

3. How many liters would 6.32 moles of often gas (02) occupy at STP?

a. 0.282 liter
b. 3.54 liters
c. 141.6 liters
d. 283.1 liters

4. A sample of carbon dioxide gas (CO) 2 measured at SiP occupied 126.5 liters.
Ilew'many moles of CO2 were present in this sample'? (Show your work!)

a. 0.177 mole c. '379.5 moles
b. S.65 moles d. 2833.6 moles
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Names Mole III - QA 1

Period or Small group.

Please answer the following questions by circling the correct

answer. Tow suet show your worls,in order to rec ewe full credit for

question S. These problems are wary similar to the situation,of suttees

of fruit. Examples If a dozen apples we ed 6000 grams how much would

4 dozens applas_waighl

4 11.94m applis X 6000 grams 24,000 grams apples-
d9x6n

Atomic masses you may wish to use.

Ca 40.1

Na 23.0

Zn 65.4

C 12.0 0 16

Kr 83.8 er-. 79.9

1. How many grams of sodium (Na) correspond to 3 moles of Na?

a. 0.13 gram
)11. 7.67 grams

c. 69.4 grams
d. 32.0 gigue

2. Now many moles of krypton MO gas correspond to 167.6 grams of Kr?

a. 0.5 able
b. 2.0 moles
c. 03.6 moles
d. 335.2 moles

3. Now much does 4.5 moles of sodium (Ma) weigh?

a. 0.20 gram
- b. 5.10 grams

c. 23.0 grams
d. 103.5 grams

4. A sample of calcium carbonate (CaCO3) contains 3.6 moles. Nov much
would this sample weigh?

a. 27.8 grams
b. 244.8 grams
c. 360.4 grams
d. 446.4 grams

S. Now many moles of sine bromide (EnSr2) gorrespond to 200 grime of ZnSr2.

a. 0.69 mole
b. 0.89 mole
c. 1.13 mole,
8. 1.38 moles

A
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Name

Period or
Samll Group

1

Please answer the following questions by circling the correct answer.

Remember, these problems maybe solved by using a method similar tolthe one

Used with fruit. EXample: Now much volume would 24 oFanges occupy if each

dozen orange occupies 3 pints? (See diagram). To get full credit for question

six, you must show your work.

3 pints

24 °fatties = 2 dozen

12 o50§es/dozen

2 1pzin x 3 pints = 6 pints

Oxebn

A

3 pints

You may need the following atomic masses: Ne 20.2 Cu 63.5 K 39.1 N 14;0

0 16.0 C 12.0 H 1.0

I. What volume would 18.06 x 1023 atoms of neon gas (Ne) occupy ac STP7

a. 3.0 liters b. 7.47 liters

c. 67.2 liters d. 404.5 liters

2: What would be the mass of one atom of copper (Cu)?

a. 0.0026 x 10-23 gram b. 10.5X 10*23 gram

c. 63.5 x 10
-23

gram d. 382.3 x 10
-23

gram

3. What volume would 34.3 x 1023 atoms of neon (Ne) Jccupy at STP7

a. 3.93 liters b. 127.6 liters

c. 1348.5 liters d. 4625.3 liters

4. Now many moles correspond to 303.3 grams of potassium nitrate (KNO3)?

a. 0.33 mole

c. j.00 moles

b. 2.35 Moles

d. 4.39 moles

5. Now many molecules of carbon dioxide (CO2) are present In a sample of CO2

that has a volume of 40.3 liters at STP7

a. 5435 molecules

3,35 x 1023 moleculesC.

bs 9.2 x 1021 molecules

d. 10.8 e 1023 molecules

6. A sample of ethane gas (C2N6) has a mass of 60 grams. What volume would

this gas occupy at Ill? (80 sure to /show your workl)

a. 11.2 liters

c. $0.4 liters

b. 44.8 Uteri

d. 10.4 liters

54
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Now:

of smolt group:

MOLE TEST

Nolss-T -I

Please answer the follwoing questions by Circling the correct answer.

Constants and atomicmassos that

1 mole 6.02 x 1023 particles

Carbon (c) 12.0

You will need are listed below.

1 Mole 22.4 liters at SIP

Nydrogen (N) 1.0

Sulfur (S) )2.1 Oxygen (0) 16.0

Zinc (2n) 65.4 Helium (Me) 4.0

I. Nuw stony moles of neon gee (Ne) correspond to 16.06 x 1023 atoms of neon?

482

Xenon (Xe) 131.3

A. 0.33 mole

C. 3.0 moles

S. 1.24 moles

D. 106.7 moles

2. Nov many moles of :Inc (a) correspond to 10.5 grams of in?

A. 0.40 mole S. 2.50 moles

C. 1422 moles D. 10382 moles

3. Now many molecules of methane (C14) are present In sample of methane that

contains 5.0 moles?

A. 0.63'. 1043 molecules S. 1.20 x 1043 molecum

C. 3.01 x 1023 molecules D. 30.1 x 1043 molecules

4. Now much would the 42222matome late In a sao,l of CO2 which contained

4.0 moles?

A. grams 8. 64 grams

C. 121 grams O. 176 grows
4

S. Now many moles correipond to 16 liters of oxygen ges at ST?

A. p.71 mole

C. 2.0 moles

8. 1.4 moles

O. 351.4 mole

fr. Nam Much would e seeps of holluergel-thii-weigh,if at ST/
78.4 14 -tecw7--

A. 0.07 gram 6.111/41.14 grams

C. 14.0 grams O. 313.6 grans

Its volume was

7. A sample of hydrogen sulflds (1120, has a mess of 68.2 grams. lbw..... many

molecules of 112S are present in this sample?

A. 6.10 x 1043 molecules e. 12.04 x 1023 molecules

C. 12.40x 1043 molecules O. 410.6 x 1043 molecules

8. A sample of ethane gas (C2116) has a volume of 100.8 liters at ST. Now

many molecules of ethane are present in thesample7

A. 144 4 1023 molecules

C. 262.2 x 1023 molecules

8. 27.1 4 1023.moloculss

O. 375.1 4 1023 molecules'

9. A sample of sulfur dioxide ($02) has a mess of 128.2 grams. Now many

atoms of oxygen (0) are present In this sample?

A. 3.02 x 1023 atoms

C. 16.04 x 1023 atom

8. 12.04 x 1023 atoms

D. 24.06 4 1023 atoms

10. Now much would 2.03 s 1013 atoms of xenon gas (4e/ weigh?

A. 87.5 graft* 8. 98.5 grams

C. 197.0 grams D. 1165.6 Oreille

_
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Item Analysis for Moles

Immediate and Delayed Posttest

I

433

Measure, -Item

Quiz 1 1

Quiz 1 2

Quiz 1 3
Quiz 1 4

Quiz 1 5

Quiz 1 6

Quiz 2 1

Quiz 2 2

Quiz 2 3
Quiz 2 4

Quiz 3 1

Quiz 3 2

Quiz 3 3

Quiz 3 4

Quiz 3 5

Quiz 4 1

1 W1-4 2

Quiz 4 3
Quiz 4' 4

Quiz 4 5

Quiz 4 6

Test 1

Test , 2

Test 3

Test 4

Test '5

Test 6

Test 7

Test 8

Test 9-

Test ,, 10

A

10.6
1.3
3.5
5.5

2.7

38.1

1.5
4.4
4.4
2.5

1.-8

3.5

2.0
4.7
3.6

8.0
3.1

5.1
3.6
1.8
4.7

.9

1:$

6.2
8.4

75.0*

.S

.1-

A.3
9.1

.4.6

Response Percentage
B C D Blank

3.3 66.6* 17.9 .9
2.4 1.3 94.2* .5

86.9* 2.9 .4.9 1.1
3.5 87.8* .9 1.3

t3.1 52.2 39.4* 1.5
46.2* 4.7 4.4 3.-1 .

1

.4 1.6 95.8* .2

92.1*
,

.4 2.0 .4
2.5 89.0* 3.1 .2

92.0* .9 2.2 1.5
. ,

2.4 94.7* .4 .2
93.2* 1.6 ,9 .2

1.5 1.6 94.2* .2
4.2

73.0* 15.3
87.4* 2.7

5.5
.4

2.0

2.5 . 86,3*. 1%8 -0-
54.4* 23.2 17.0 .9
89.6* 1.6, 2.4 0
5.1 79.7* 9.5 .5
4.2 11.5 130.5* .4

80.7* _5.5 4.7,' 2 r

.7 95.4* 2.5- .2

93.1* 2.0 2.2' .7
1.8 : 9.3 82.3* .2

15.3 52.2* 22.6 1.1.
6.6 2.2 T 15.1 .9
7.1 77.9*. 10.8 1.5

70.6* 7.5 17.7 .7
82.3* 4.6 , 4.4 3.3
37.4 7.5 42.3 *,. 3.5
3.8 58.6* 6.9 25,7

* Correct answers

54G



Name:

Period or small group:

484

Gas Laws I-QF-1

4.#
Please answer the following questions by circling the correct answer.

To get full credit for question four you must show youcwork. These problems

are easily solved by predicting the factOrs. Example:

Problem:
- . The time to take a trip by car is inversely related to the speed of

the car. The faster the car travels the less time it takes to complete

the trip. SuppOsethat a trip takes 3 hours at 45 m.p.h. How long would

the trip take at 55 m.p.h.?
- 3 hours x 45 n1.101. 11. 2.45 hoUrs

SS m.45r.h.

AI

a

1. A sample of gas has a volume of150Q ml at 900 mm Hg pressure. What

volume would this gas occupy at 1200mm-ft?

A. 720 ml B. 1125 ml

C. 3600 ml *.D. .6000 ml

2. Wtat would be the volume of a sample, of-gas at 800 mm Hg pressure, if

at 300 mm Hg pressure the volume was 600 ml?

A. 225 ml* B. '400 ml

C. 1600 ml D. 1833 ml

3. A sample of gas has a pressure of 632 mm Hg and a volume of 492 ml.

What would be the pressure of this sample of gas, if the volume_became

856 ml? "..de fl

A. 363 mm Hg

C. 996 rim Hg

B. 666 mmHg

D. 1100 mm Hg

4. What would be the pressure of a sample of gas of 1000 ml volume, if

at 1400 ml volume the pressure was 500 mm Hg? (Show your work).

A. 337 mm Hp 480_mm Hg

C. 700 mm Hg D. 2800 mm Hg

51



Period or
Small Group

11,

485

Gas Laws II -QF -1

PLase e, iwer the following questions by circling the correct answer. To

get full credit for question four, you must show your work. Remember to set up

your factors based upon your prediction of what should happen The relationship

between the' temperature and volume is a direct one. Another direct relationship

is the one between the cost of objects and the number you buy. Example: If

chewing gum is 73C for 3 packages, how much will 9 packages cost?

734 x 9 packages = 219c or $2.19

3 packages

1. A sample of gas has a volume of 625 ml at 27°C. What would be the volume

at 55°C?

A. 307 ml B. 572.m1

C. 683 ml D. 1273 ml

2. What would be the Celsius temperature of a sample of gas of 350 ml volume,

if at 400 ml volume, the temperature was 46°C?

A. 6°C

C. 53°C

B. 40°C

0. 237°C

3. What would be the volume of a sample of gas at 63.4°C, if at 121.2°c, its

volume was 457 ml?

A. 238.5 ml B. 309.9 ml

C. 534.3 ml D. 871.7 ml

4. A sample of gas has a volume of 275 ml at -10°C. What would be the

temperature,at 520 ml volume?

A. -272°C

C. -13\4°C

B. -254°C

D. 224°C

Or



Nam'

"I 4 o. wnall group:

486

Gas Laws 111-QP-1

tPlease answer the following questions by circling the'correct answer.

To get fall credit for question four you must show your work. Remember to

set up your factors based upon your prediction of what should happen. The

relationship between the volume or pressure and temperature is a direct

relationship, while the relationship between pressure and volume is an in-

verse relationship.

An eAample of a problem using both a direct and an inverse relationship

might be: How much would a truck driver be paid if he got $10.00 per hour

for a trip of 275 miles if he averaged 55 miles per hour?

5

275 miles x 1 hour x 10 dollars = 50 dollars

55 miles 1 hour

1

1. A sample of gas has a yolume of 400 ml at 600 mm Hg and -73-C. What

would be the volume at 1500 mm Hg and 27°C?

A. i 107 nil

C. 433 ml

B. 240 ml

0. 1500 ml

2. A sample of gas has a\pressure of 600 mm Hg at 0°C and 900 ml. What

would be the pressure at 273 °C and 300 ml?

A. 100 mm Hg

C. 900 mm Hg

B. 400 mm Hg

D. 3600 'mm Hg

3. What would be the
Celsius'temperature of a sample of gas at 500 mm Hg and

500 ml, if at 57°C the pressure was 1000 mm Hg and 1500 ml volume?

A. 6218°C B. -539C

C. 5°C D. 222°C

4. A sample of gas has a volume Of 632.4 ml at 25.3°C and 784.6 mm Hg. What

would be the volume at 51.6°Ckand 954.2 mm Hg?

\ B. 565.8 ml

\ D. 1060.5 ml

A. 477.9 ml

C. 43.8 ml



Item Analysis for Gas Laws

Immediate and Delayed Posttest

487

Measure-Item

ReSponse Percentage

A B C D Blank

Quiz 1 1 1.3 94.34* .7 .2 .4

Quiz 1 2 80.3* 1.8 14.0 .5 .2

Quiz 1 3 92.1* 1.5 .2 2.7 .4

Quiz 1 4 12.0 .4 82.8* 1.3 .4

Quiz 2 1 .5 5.5 88.0* 3.1 0

Quiz 2 2 83.6* 8.0 3.3 2.0 .2

Quiz 2 3 4.7 79.6* 8.9 .4 2.5

Quiz 2 4 2.2 2.9 6.6 84.7* .5

Quiz 3 1 4.2 83.0* 1.6 7.3 .2

Quiz 3 2 2.7 9.1 10.0 74.1* .4

Quiz 3 3 69.3* 6.4 10.8 9.5 .4

Quiz 3 4 7.8 77.2* 5.7 4.0 1.6

Test 1 21.2 69.0* 3.3 2.9 0

Test 2 7.1 73.4* 12.8 2.9 0

Test 3 77.2* 4.0 6.2 8.8 .2

Test 4 8.2 10.2 11.1 66.4* .4

Test 5 67.7* 25.2 2.0 1.3 .2

Test 6 28.5 62.0* 2.0 3.3 .5

Test 7 70.4* 3.8 13.9 7.5 .5

Test 8 12.4 7.1 73.4* 2.7 .4

Test 9 5.7 12.2 74.6* 3.6 .2

test 10 8.6 25.0 45.1* 14.6 2.9

* Correct answer

550
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Name:
Gas Laws-T-1

Period or small group:

Please answer the following questions by
circling the correct answer.

I. A gas sample has a volume of 200 ml at 800 mm Mg. What would be the

volume at 400 mm Mg if there is no temperature change?

A. 100 ml

C. 1600 ml

8. 400 ml

0. 6400 ml

2. A gas sample has a volume of 300 ml at 52°C. What would be the Celsius

temperature of this sample if the volume was increased to 900 ml?

Assume no pressure change.

A. -165 °C B. 702°C

C. 975°C D. 1148 °C

3. A gas sample Figs a pressure of 500 mm Mg at -73°C. Assuming that the

volume stays constant, what would be the Celsius temperature of this

sample at 250 mm Hg?

8. -146°CA. -173 °C

C. - 36.5°C 0. 100°C

4. A gas sample has a volume of 900 ml at 0°C and 250 mm Ng. If the volume

becomes 300 ml and the temperature 2730C, what would be the pressure?

A. 42 mm Mg B. 167 mm Mg

C. 375 mm Mg 0. 1500 mm Mg

5. A gas sample has a volume of 326.5 ml at 635.2 mm Mg. Assuming no tem-

perature change, what would be the volume at 947.6 mm Ng?

A. 218.9 ml 8. 487.1 ml

C. 1843.5 ml D. 1909.3 ml

6. The pressure of a gas is directly related to the number of molecules of

the gas. If a gas sample contained 12 x 1023 molecules at a pressure of

1500 mm Mg, what would be the pressure if the number of molecules was in --

creased to 18 x 1023 molecules? Assume no volume or temperature change.

A. 1000 mm Hg

C. 0.001 x 1023 MR Hg

B. 2250 mm Mg

D. 2.25 x 1023 mm Mg

7. A gas sample has a volume of 500 ml at 800 mm Mg and -23°C. What would

be the Celsius temperature if the
pressure was changed to 1000 mm Mg and

the volume to 200 ml?

A. -1480C

C. 125 °C

8. 11.5°C

0. 781°C

8. Whet would be the volume of a gas sample at 150 mm Mg and 177 °C, If at

700 rise Mg and 77°C the volume was 750 ml?

A. 207 ml 8. 250 ml

C. 4500 ml 0. 8045 ml

9. A gas sample has a volume of 660 mi at 27°C. What would be the volume

of this sample at 127°C?

A. 140 ml B. 495 ml

C. 880 ml 0. 3104 ml

10. WtAvvol:mle would fi..e moles of a gas occupy at 27°C and 760 lm Mg?

(760 mm Mg I atmosphere).

A. 22.4 liters B. 102 liters

C. 123 liters 0. 284 liters

J -



Name: S-1-410-1

489
Period or small group:

Please answerthe following questions by circling the correct answer.

urilit full credit for question 4 you must show your work. The relation-

ships for particles, moles, and volume may be summarized by:

Velum

A
beast ion

A

Seamed

Particles

A

nolo.

Slates
Umetim

Particles

1. When the compound potassium chlorate (KC103) is heated it breaks down

into potassium chloride (KC1) and oxygen gas (02). This is represented

by the equation 2 KC103(s) 2 KC1( s) + 302 (g), How many moles

of 02 would be formed from 6 moles of KC103?

A. 4 moles B. 6 moles

C. 9 moles D. 12 moles

2. Carbon monoxide gas will burn (react with 02) to form carbon dioxide gas

according to the reaction 2 CO(g) + 02 (a) 2 CO ). How many

liters of CO2 would be formed at STO' from T8 liters of o5CyjVh and excess

carbon monoxide?

A. 9 liters B. 18 liters

C. 22.4 liters D. 36 liters

,3. Propane gas (C3H8) will react

oxide(CO2)gas d water vapor
2

ap

\C3 H8 + 5 0 ) 3CO2 +

be needed to react completely

A. 5 molecules

C. 1 x 1023 molecules

4. How many liters of CO2
C
3
H8 reacted with exce

5 02 3,02

A. 3.0 liters

C. 22.4 liters

with oxygen gas (02) to form carbon di-

(H20). This is represented by the equation
4 H20. How many molecules of oxygen will

with 5 x 1023 molecules of propane?

B. 25 molecules

D. 25 x 1023 molecules

gas would be,produced at STP if 24.3 liters of

ss oxygen according to the reaction C3H8 (g)

g} + 4 H2O (0?

B. 8.1 liters

D. 72.9



Name:

Period or small group:

S-11(10-1 490

Please answer the following questions by circling the correct answer.

To get full credit for question four you must show your work.

414 .
!,..

/...11

.fl

Atomic Masses you raLl need: P 31.0, 0 16.0, Na 23.0, 14 1.0,
N 14.0, S 32.1

to

1. White phosphorus(P4) reacts with oxygen gas (02) to form P406 (s). The

balanced reaction is P4 (s) + 3 02 (g) (s). Now many grams

of P406 would be produced if 96.0 grams of'02 react with excess P4?

A. 47.0 grams B. 106.7 grams

C. 220.0 grams O. 960.0 grams

2. Sodium metal (Na) reacts with water (M20) to form sodium hydroxide (Na0M)

and hydrogen gas.(M2). The balanced equation is: 2 Na (s) + 2 M20 (t)

Na0M (eq) + 142 (g). Mow many grams of sodium would be

needed to produce 67.2 liters of M2 (mehured at STP) if the sodium reacts

with excess water?

A. 34.5 grams

C. 138.0 grams

B. 134.3 grams

D. 276.0 grams

3. Sodium nitrate (NaNO3) can be decomposed into sodium nitrite (NaNO2) and

oxygen gas (02). The balanced equation is 2 NaNO3 NaNO2 (s)

+ 02 (g). Mow many molecules of oxygen gas can be produced from 85.0

grams of NaNO3?

A. 3.01 x 1023 moJecules B. 6.02 x 1023 molecules

C. 12.04 A 1023 molecules O. 256 x 1023 molecules

4. Sulfur (5d) reacts with oxygen gas (02) to for sulfur dioxide
The balanced equation is 58 (s) + 8 02 SO2 (g).
many grams of SO2 would be 4ormed when 72.5 grams of % reacts
XC', oxygen.

4. 18.1 grams

C. sao.o Irmo,

B. 144.8 grams

u. '158.2 grans

5 5 3

(502,.

mow

with
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Name S-Irr.4)1)=1

491
Period or Small Group

Please answer the following questions by circling the correct answer. To get

full credit for question four you must show your work.

1.

Volvo.

A

MiltsT a

Mots

A

6 11,111611
let

0010

Particles

Volume

Wafted
lopefim

Come,
?sot kis*

s.t.eZmi
Ppm ton

Particles

Mill.
Of K*

004erodspf
.

101.
0

X__________

Atomic masses you may need:
P - 31.0, Cl = 35.5
C = 12.0, H = 1.0

White phosphorous (P4) reacts with chlorine gas (Cli) to form PC13(s). the
balanced equation is P4(,) + 6C12(g)--0,4PC13(s). How many molecules of

PC1
3
would be formed from 67.2 liters 0 Cl2 (measured at STP) and excess P4?

41. 4 01 x 1.0
23

moleculesA. 1.00 x 1022 molecules
DC. 12.04 x 1023 molecules D. 27,09 x 1023 molecules

I

Use the following reaction for questions 2. 3, end :.

C3H800 + 502(0...43CO2(3) + 4H20(g)

7. If she gases ire measured at STP, how many Users of carbon dioxide (CO2)
would he formed from 20 liters of 02 and 'excess C3857

A. 2.7 liters B. 12.0 liters
C. 33,3 liters D. 100 liters

3. How many grams of water would be formed from 112 liters-of Cilis ( measured at

STP) and excess 02?

A. 22.5 grams B. 90.0 gram,
D. 448.0 gramsC. 360.G grams

4. How many molecules of carbon dioxide would be formed if 84.5 liters of C3li8
(measured at STP) reacted with excess 02?

A. 0.53 x 10
23

molecules 8. 4.8 x 10
23

molecules
D. 68.1 x 1023 moleculesC. 7.6 x 1023 molecules
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Name:

Period or small group:

S-T-1

Please answer the following questions by circling the correct answer.

You milmneed the following atomic masses and constants:

C = 12.0 H = 1.0 N = 14.0 0 = 16.0

Fe = 55.9 1 mole = 22.4 liters at STP = 6.02 x 1023 particles

The following balanced equation may be used for questions one through, six.

4 NH3 (g) 02 (g)------->4 NO (g)' + 6 H2O (g)

1. How many moles of nitrous oxide (NO) will be produced when 10.0 moles
.of oxygen gas (02) reacts with sufficient ammonia gas (NH3)?

A. 4.0 moles B. 8.0 moles

C. 10.0-moles D. 12.5 moles

2. How many grams of water (H20) will be produced when 34.0 gramS of ammonia

(NH3) reacts with.sufficient oxygen gas (02)?

A. 3.0 grams B. 24.0 grams

C. 51.0 grams D. 54.0 grams

3. How many molecules of oxygen gas (02) are necessary to react completely ,

with 56.0 liters of ammonia (NH3) measured at STP?

A. 3.01 x 10 23 molecules B. 12.04 x 1023 molecules

C. 15.05 x 1623 molecules D. 18.81 x 1023 molecuie:

4. How many grams of water (H20) will be produced when 18.06 x 1023 molecules

of nitrous oxide (NO) are produced?

A. 36.0 grams B. 54.0 grams

C. 81.0 grams D. 325.1 grams

5. How many liters of water (H20) will be formed when 44.8 liters of ammonia
(NH3) are mixed with 134.3 liters of 02 at SIP?

A. 29.9 liters B. 67.2 liters

C. 80.6 liters D. 537.6 liters

t.)J
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6. How many liters of nitrous oxide (NO) will be prodocad when 67.2 liters

of oxygen gas (02) react with sufficient ammonia ,(NH3)?

A. 3.75 liters B. 53.8 liters

C. 84.0 liters D. 104.4 liters

Use the following balanced reactions for questions seven through ten.

Fe203 (s) + 3 CO (g)------a0,2 Fe (s) 3 CO2 (g)

7. How many grams of iron (Fe) will be produced from 3.0 moles of iron (iii)

oxide (Fe203)reacting with sufficient CO?

A. 6.0 grams

C. 83.9 grms

B. 9.32 grams

D. 335.4 grams

8. How many grams of iron (Fe) will be produced when 78.4 liters of carbon

monoxide (CO), measured at STP, reacts with sufficient Fe203?

A. 111.8 grams 8. 130.4 grams

C. 195 grams O. 293.5 grams

9. Some of one of the reactants (CO or Fe203) will be'left over after 319.6

grams of iron (ill) oxide (Fe203) are mixed with 196.0 grams o1 CO. Which

reactant is it and how much will be left?

A. 28.0 grams CO

C. 168.0 grams CO

8. 113.6 grams Fe203

D. 372.9 Fe203

10. How many atoms of Fe would be produced when 12.04 x 1023 molecules of CO

react with sufficient Fe203?

A. 8.03 x 1023 atoms B. 16.06 x 1023 atoms

C. 18.06 x1023 atoms D. 24.08 x 1023 atoms

55u



.

Item Analysis for Stoichiometry

Immediate and Delayed Posttest

494 1445

Measure Item

Response Percentage

A B C , IT Blink

Quiz 1 1 6.0 4.0 . 86.9* 2.7 0

Quiz 1 2 5.5 10.6 .4 83.2* 0

Quiz 1 3 2.0 4.4 5.5 87.8* 0

Quiz 1

r
4 2.2 5.7 3.3 86.3* 2.2

QUiz 2 1 3.5 5.7 84.9* 3.5 , .7

Quiz 2 2 8.4 ' 12.8 68.4* 8.0 .6

Quiz 2 _3 60.8* 14.4 17.2 4.D .9

Quiz 2 4 10.6. 60.8* 13.3 .9 3,7

Quiz 3 1 1.8 4.2 88.7* 4.2 .2

Quiz 3 2 6.4 78.8* 8.0 -5.1 .7

Quiz 3 6.4 6.8 73.7* 12.0 .2

Quiz 3

,3

4 2.6 6..6 8.6 79.2* . 2.2

Test 1 8.4 82.9* 2.9 4.4. .2

Test 2 8.2 8.0 22.1 59.3* , 1.1

Test 3 4.6 11.9 13.1 68.6* '.6

Test 4 7.1 12.2 70.3* 8.4 .7

Test 5 7.3 75.7* 7.9 4.9 2.9

Test 6 5.3 78.1* 11.1 2.7 1.3

Test 7 9.1 5.3 17.0 65.9* 1.3

Test 8 9.7 65.2* 11.5 11.0 1.3

Tests 9 36.1* 27.9 18.6 11.3 4.6

Test 10 64.4* 13.3 7.5 10.9 2.4

* Correct answer
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Period or small group:

Mo-I-QP-1 496

Please answer the following questions by circling the correct answer.

In order to get full credit for question five, you must show your work.

Remember to use proportions when you can to work the problems.

Example : HOW many gallons of gas could a person purchase for $5.00

if the gas is $1.10 per gallon?

x = 1 gallon (x)($1.10) = ($5.00)(1 gallon)
-$5.00 $1.10

x = ($5.00)(1 gallon) = 4.55 gallons
j$1.10)

All of the following questions deal with the substance potassium chloride

(KCI) which has a molecular mass of 74.6 grams per mole.

1. What would be the molarity of a solution made by dissolving 6.0 moles
of potassium chloride (KC1)in enough water to make 3.0 liters of

solution?

A. 0.5 M 8. 2.0 M

C. 3.0 M D. 6.0 M

2. What would be the molarity of a solution made by dissolving 149.2 grams
of KCI in enough water to make 1200 mi of solution?

A. 0.42 m 8. -0.60 M

C. 1.67 M D. 2.40 M

3. Now many grams of KC1 would be present in 1600 ml of a 0.50 M KCI

solution?

A. 23.3 grams B. 59.7 grams

93.3 grams D. 238.7 grams

4. what 4ou.d he the molarity of a solution made ty dissolving 0.45 moles
of KCI in enough .Ailter to make 1400 ml of solution?

A. 0.32 M 8. 3.1 M

C. 28.0 M 0t 35.7 m

5. How rang oilliters of 4 1.6 m KCI solution would contain 14.9 grams
of KC!?

A. 8.0 ml

C. 320 ml

8. 125 mi

D. 3125 ml

553

pt



Name :

Period or small group:

Mo-II-QP-1 497

Please answer the following questions by circling the correct answer.

To get full credit for queition five, you must show your work. Remember

t

to set up proportions whenever possible to help solve the problems.

Example: A jet can travel 500 miles per hour. NoW'many hours would a

trip of 2500 miles take?

x = 1 hour (x)(500 miles) (2500 miles)(1 hour)

2500 miles 3-703rnTT

(2500.mUis)(1 hour) = 5 hours

(500 mj>es)

O

1. What would be the molarity of a solution made by boiling off 500 ml

of water from 2500 .1111 of a 2.0 M NaC1 solution?

A. 0.40 M

C. 1.67 M

B. 0.625 M

D. 2.50 M

2. What would be the molarity of a solution made by adding 1.0 liter

of water to 2.0 liters of a 3.0 M Nael solution?

'\ A. 0.22 M B. 0.50 M

C. 2.0 M D. 6.0 M

3. How many millilitpr, of water must be added to 750 ml of a 1.25 M NaCI

solution to reduce the molarity to 0.50 M?

A. 217

C. 2583 ml

B. 1125 ml

D. 2625 ml

4. What would be the molarity of a solution made by adding 850 ml of

water to 1400 ml of a 2.6 M NaC1 solution?

A. 0.62 M B. 0.83 M

C. 1.62 M D. 6.62 M

5. How many milliliters of water must be boiled away from 1200 ml of

1.6 M NaCI to produce a 2.0 M NaCl solution?

A. 160 ml B. 240 ml

r. 533 ml D. 2160 ml
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Period or small group:
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Please-answer the lolluwing questions by citLling the correct answer.

To get full credit for question five, you must show your work. Remember

to set up proportions when working the problems. Example:

.A trucker can by diesel fuel for $1.10 per gallon. How much

money would it take for a trucker to f;11 up a 50 gallon -tank?

x

50 gallons

= $1.10
I gallon

(x)(1 gallon) = (50 gallons)($1.10)

x = (50_gallons)($1.10) = $55.00

(1 gallon)

Questions one throu911 four deal with the following balanced reaction:

149(")2(ag)--"---M9C/2fatO2 HL1(,q) 2 H20(1)

molecular hasJes/lf,1 36.5; Mg(OH)2 . 58.3 ; M9C12 95.3 H2O 18.0

1. Ho.$ .any moles of magnesium chloride (MgCl2) would be produced when
2.0 liters of 1.0 N hydrochloric* acid (HCI) reacts wi.th a sufficient

amount of magnesium hydroxide Mg(011)27

A. C.5 mole 1.0 mole

C. 2.0 motes 0. 4.0 moles

2. )00$ man/ ntam, of m.MileSrum hidroxide (Ml(OH)2) are necued Co react

complete, with 500 ml of a 1.20 14 hydrochloric acid (HCI) solution?

A. 17.5 grams B. 70.0 trams

0C. 194.3 grams 0. 219.0 grams

3.' What t.nnla be, ihe molarity of 1500m1 of magnexium chloride (tigC12)
(oo,el when 1200 mt of a 4.0 M hiarn..hloote acid solution

reacts with cutficiot magnesium hvdroXide IMO(0)'2)?

n. 0.1t) M

3.2 M

B. 1.6

0, 6.4 14

4. many m.le, of Ma,inesinm cnlorid (114C12) would be proCuceu when

11.00 41 of 0.36 it hydrochloric acid (44C1) reacts with a 'sufficient

amount of magnesium hydroxide Mg(011)27

0.31 mole 8. 0.65 mole

C. 1,30 ale, 0. 2.30 moles

( Ipt), n/vr,,,hlwr4. lt;i :0
f r) r,i. r water (II: 0) anti carbon dioxide ,L0,)

Pile, of CO, ime.ured at .Trl .11 be produced $hen 330 1

of HC1 ,nLts with sufficient Na2L037 Reaction, ha2C (s)

2 K16111-1)0 2 nicf(4 .42,3(,) ?..02(1)

A, 2,;4 lit*r$ :4. 20.2 hterc

ji,./ 1 is'!ers

50o

Itters
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Name:
. No-T-1

Period or Smell Group:

4IP

Please answer the following questions by circling the correct ensue,.

You 24 need the following molecular messes end con
to

Nett - 51.5 CN
3
0N 32.0 Li

2
CO3 73.8 1NN03 63.0

LINO
3

68.9 CO
2

44.0 N20 18.0

I mole 0 22.4 liters at $TP 1 mole 6.02 s 1023 particles

win

1. Whet would be the molarity of a solution made by dissolving 2.5 moles

of NSCI In enough water to form 1.5 liters of solution?

A. 0.60 M 6. 1.67 M

C.' 3.75 M
O. 6.00 m

2. Whet volume of 2.0 01 1.121103 solution would contain 37.9 grams of

Li
2
MO

3
7

A. 275 ml 6. 910 ml

C. 1706 M1 O. 3640 mi

3. Whet volume of meter must be added to 500 .1 of 1.75.N Nall solution

to reduce the molarity to 1.25147

A. 200 wt 8. 594 ml

C. 700 ml O. 2300 ml'

4. What would be the molarity of 2.0 liters of a 4.0 II NaCI solution

after` 800 ml of the solution is boiled off?

5.

A. 0.15 M 1. 1.62 M

C. 6.67 M O. 10.0 N

Now many molecules of methyl alcohol CH
3
ON would be in 1500 ml of

a 2.0 M GM 3 0M solution? ,-

A. 2.01 A 1023 molecules 4.52 it 1023 molecules

C. 11.0),.., lel molecules 0 16.06 A 10
23

molecules

Problems elm through ten deal with the following balanced equation.

Li
2
CO

3(s)
2/1110 3(14)----41 2LI 4°3014) C°241) C M21)(13

6. Mom many gram of CO, would be formed from 2.0 liters of a 1.4 M

NNO
3

solution reactiag with sufficient LI 2 CO 3 ?

A. '31.4 yams 8. 61.6 grams

C. 125.8 grams O. 246.4 snows

;e

7. What would be the molarlty of the LINO solution formed when 73.8 grams

of L12 CO and 750 ml of 4.0 M HNO3 are mixed?

8. 0.67 M 8. 2.67 M

C..5.33 m O. 7.11 M
.-

8 Now many moles of 8,0 would be formed when 1.5 liters of 3.0 M N110
3

reacts with sufficlint LI CO ?

A. 8.0 grams )
C. 40.. grams

O. 18.0 grams

O. 162.0 grams

9. Wow many liters of CO,. measured at STP. would be formed from 200 el

of 8.0 M H110 solution reacting with .ufficient Li
7
C0

11A 17 9 liter 18.0 litel

C 71 7 titers O. 448.0 liter.

10 Whet would IsA, the mglaritv of the 01.0, that roauted with sufficient

Li CO to produce 54.0 grams of H2O " if the solution had a

volumed of 1.5 liters?

A. 0.25 M 11. 0.44 M

C. .1 00 M O. 4.00 M

561
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Item Analysis for Molarity

Immediate and Delayed Posttest

Measure-Item
Response Percentage

A B II Blank

Quiz 1 1 .7 94.7* .6 .7 0

Quiz 1 2 4.2 3.8 76.1* 12.2 .4

Quiz 1 3 17.5 65.2* 4.0 9.3 .9

Quiz 1 4 83.2* 6.6 4.0 2.4 .6

Quiz 1 5 14.8 51.6* 20.3 8.4 1.6

Quiz 2 1 9.3 6.4 3.8 73.5* .4

Quiz 2 2 1.5 4.4 59.7* 27.9 0

Quiz 2 3 7.3 69.9* 4.7 10.0 1.6
Quiz 2 4 6.0 6.8 68.4* 11.1 1.1
Quiz 2 5 8.8 73.2* 4.9 4.2 2.4

Quiz 3 1 2.9 65.7* 12.4 2.9 0

Quiz 3 2 69.0* 8.4,, 4.0 2.2 .4

Quiz 3 3 3.7' 54.0* 20.3 5.7 .4

Quiz 3 4 61.7* 14.1 5.8 2.2 .2

Quiz 3 5 L.7 71.9*, 2.9 2.2 1.3

Test 1 2.7 60.8* 16.8 3.5 .2

Test 2 50.6' 11.0 12.4 9.1 .9

Test 3 37.8* 5.7 36.5 3.5 .6

Test 4 3,5 11.1 36.7* 31.9 .7

Test 5 2.4 7.7 5.3 68.1* .7

Test 6 4.6 65.7* 5.3 7.9 .7

-Test 7 17.5 36.3* 20.4 7.7 2.2

Test 8 6.6 5.9 64.2* 3.1 .7

Test 9 61.0* 11.5 7.9 3.1 .7

Test 10 7.7 12.2 8.4 53.1* 2.4

* Correct answer
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TT;H 4`.ALYSI-

Requidt

ITEM
PERCL9T CURRECT DOUBLY

NO. A d C E LIPPER THIRD L0wER Triloa 81.:A< MARKED

1 R. .40 8 Pm -.25 P= -.13 R.:\ -.16 4= .40 58 44 5 0

Us 68.61 0= 11.44 I= Q.49 pr., 9.d5 n= .00

Rs -.09 R= -.09 A= -.16 Ps .24 Rs -.43 99 70 1 0

Os 3.16 0= 7.34 n= ,7.54 0= A1.27 n= 49

3 -.13 R= -.76 Rz Ps \00 +3 Rs -.03 93 40 5 0

132 3.41 0= 7.06 n= 18.25 Da 49,d3 n= *24

4 R= x .P5 R R= -.11 R. R= .00 b7 44 4 1

02 19.22 Os 53.53 0= 17.52 Os 8. 2 n= .00

S Ra .44 fi As -.19 " -.24 As .10 Rs .16 88 41 5 0

Os 65.45 0= 9.00 nu 16.20 Oz 7.79 n= .24

its .15 R= .25 .06 Ps .10 P= .05 65 38 3 0

0= 7.30 Os 50.61 Oz 15.82 0= p5.30 03 .24

7 Rs .20 P2 -.11 Rs .30 6 As -.06 4= .00 b6 34 3 0

Os 20.44 Ds 5.60 ns 47.69 02 ;5.55 n= .no

8 A= .37
Os 35.04

0 9= .05
0= 22.14 P: 2n= 23-.366

Rs -.06
Os 17.27

Ra

n=
.00
.24

55 18 8 0
.

9 Rs 4,03 R= -.07 P= .27 R= .32 4 4= .04 73 40 3 0

Ds 7.06 0= 6.0A 0= 78.22 Os 57.44 nx .49

10 Rs
Os 13.14

Rs
Oz 21.90

Rs .39
n= 52.31

6 Rs .2.3
02 10.95

Rs

n=

..05
.24

76 33 6 0

Rs .09 R= .13 IS4 -.11 As ..i5 a= .10 45 14 3 0

0s 44.17 na 27.49 " 13.013 Os P7.48 ,n= .00

12 AS .43 Ps
°'

-.21 R. .15 Rs .no 57 Id 23 0

na 34.79 0: 36.9A 02 15.57 02 7.06 Oz 00

13 R. -.20
Ds 10.46

R= .46 6
0= 64.96

P= -.24
15.57

Rs ' .18
02 7.(1b

os
nu

.19

.24

41 39 7 0

14 Rs .23 0$ 14 11= -.17 Ra ...5 3 Rs .00 f0 20 6 0

Os 16.55 Os 24.09 ns 14.36 02 43.31 Os .24

Rs .14 Rs .09 Rs .34 p Ra ot .00 65 28 5 0

Ds 8.76 Os 27.49 ns 43.20 Os 15.33 ns .00

16 Rs ...04 P. -.03 Rs .16 As -.04.
38 25 6 0

Os 21.17 Os 30.90 nu 29.20 Oa 17.03 ns
Vi

17 Rs ...19 Rs -.144 Rs .38 0 As .12 Rs .40 85 53 13 0 CD

Os 9.73 Os 9.73 ns 71.29 Os 6.08 02 00

5 64



ITFM A).ALYSIS

Regular

1TEN
NO.

IR .

20

2)

22

23

74

PS

56

27

28

20

30

31

32

33
_

34

C

T

A

Rs .9.15

Os 5.60

Rs .14
Os 12.90

Ri -.02
Os 28.71

Rs ...PS
Ds 13.38

Rs .30
Os 49.8'

Rs -.03
0: 15.82

"Rs .27
0: 32.12

Rz .7.
Ds'38.69

Rs .72
U: 9.25

Rs .04
Oz 24.82

Rs .14
Os 21.41

122 .36

02 29.93,

Rs ...OA

Os 11.44

R.
Os 13.87

Rs .Pi
On 8.03

Rs -.07
-Os 22.38

Rs .9.10

Os 8.52

sr.

F

bl

R= Z.77
Os 29.44

R= 14
Os .44

Rie. .20 6
Os 48.91

R* -.07
Or. 10.22

7= ...IR

Os 23.64

Rs .1W
Os 37.94

Rs -.18
Os 24.76

Rs .12
Os 15.07

R= -.2f
Os 12.(16

R= .27
Os 33.50

Rs .17
Os 38.69

P= ".12
Os 14,84

Rs .14
Os 12.17

Rs .14
Os 25.06

Rs .44 11
Oz 64.77

P. .P5
Os 28.71

Rs .07
0. 14.60

C

R= -.07
n= 10.90.

R2 .3h ri
n= 86.69

Rs
D= 13.63

R
Oa 41.61

Rs' .02
n= 12.90

Rs -.02
n= 25.79

as -.10
n= 11.19

R2 -.10
n= 23.11

R= .39 ri
Os 89.12

a= -.04
ns 21.17

Rs' -.12
Ds 76,28

R= .07
n= 12.60

Rs .20
,n= 53.04

Rs ...10

D2 20.93

Rs .20
,n2 11.44

Rs ..06,
Da 28.95

Pa .01
n= 35004-

0

Rs .39s1
0= 52.,

Rs ...14

Ds R.I0

Rs -.22
Os 6.06

.19Rs
Ds 33.09

R2 -.16
DU 11.44

Rs .1J
O= 17.62

Rs .03
Os 76.03

Rz. .01
Ds 70.19

Rs ..jb
0= 14.36

Rs '',06

02 15.d2

Rs -.0/
Os 8.03

Rs .15
02 16.06

Pi .04
02 18.00'

Rs .35
Os 25.65

Rs
0? 10./1

Rs -.04
11.19

Rs .17
Di 31.63

4s
ns

R=
n=

Rs
Oa

Rs
na

a=
Oa

R=
0=

Rs
02

R=
Os

Rs
Os

Ds

Rs

os

Ra
D=

Rs
os

Qs
Oa

Rs
Os

Rs

Rs
0

F

.00

.40

.OS
.24

-.05
.24

.00

.00

-.05
.73

-.n4
.24

.00

.00

.00

.00

-.05
24

-.07
.169'

-.06
.24

.00

.00

-.07
49

.00

.00

.00
00

OS-
.24

06
.73

PERCE47
UPPER TRIRO

75

77

b4

43

67

49

44

51

/8

43

30

51

65

46

88

42

40

CORRECT
LOWER THI4d

32

37

33

26

33

33

22

2d

36

25

lb

15

44

16

42

19

27

8LAN4

6

4

1.0

7

6

11

16

9

17

17

22

27

20

23

20

35

39

004181.Y

MARKED

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
CD

565 566
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'legator

ITEM T f

A. s1
PERCENT CORRECT )0U3LY

NI. A 13 C 0 E UPPER ?NIRO LOWER THIRO 8L6 4.0 ooKED

35 Pa .33 Rs -".1i Pm .03 Rs -.12 Pa 07 45 16 28 0

D. 7.54Da 26.52 Ds 41.12 Da 17.22 04 .49

36 Rs -.17 as .39 0 P= -.13 Rs -.05 R= .10 61 24 32 0

Da 20.19 Oa 38.93 no 12.17 Ds 20.42 no .00

37 Re .21 Rs .01 Ps .OR P. .02 4 0 .00 34 16 33' 0

Da 22.63 Os 14.84 n* 28.22 Oa 715.2d 014 .00

3R P. ...12 Ps .3? 0 P* .01 Rs .09 Pa .00 55 25 39 0

Da 15.09 Os 40.63 02 9.73 Os ?5.06 ng .00

39 Ws .17 Rs
r

.37 0 Ps .10 /12 ..037 Rs .405 77 41 36 0

Da 11.19 Os 60.11i ng 9.98 D. 9.13 D. .24

40 Pa -.11 Rs -.05 P. .32 4 Rs ...O.? Rs -.05 66 31 36 0

Da 19.46 0. 12.41 ng 46.23 Oz 12.90 Os .24

8.13EP..RICA4RnSON RELIABILITY a .75
.

STANDARD ERROR OF mEASURE4ENT a 209

,517c4PNANa4P0.114 RELTASILITY a .74

'STANDARD ERROR OF MEASUREMENT a 2.94

Jr,,:;Jr-.



ITEM
NO.

TI

A

17=0 ANALYIS
Scrambled

0

1 92 .19 Rs .17 Q -.09 Rs -.03 R= .no

Os 86.99 Os 6.85 Ds 3.42 Os 2.14 n= .no

? A. .4,14 Rm .,1 Rs .39 r.' R= .20 R= 00
Os-10,96 02 14.3a n= 65.75 Os 8.90 n= .00

3 As .38 G Rs -016 Rs -.29 Rs -.10 Rs ' .00

Os 5I.37 Om 10.27 Og 32.88 Os 5.48 Dx .00

R2 .."20 Rs 'all Pa .31 6 As -.00 Rs 00
Os 11.64 Os 12.33 O 63.01 Os 12.33 Oz .00

R° .17 as .38 418 Rs -.26Rs -.03 9= .00

Os 8.22 Du 22.60 0 49.32 Ds 19.18 n= .00

A= -.In Rs .31 Ra .186 Au ..15 Rs -.09
Os 18.49 Di 45019 0 11.64 Ds 23.29 01 .68

7 Rs .11 Rs 01 R -.11 R: -.0 Rs .no

.., Os 42.47 Os 20.55

::

10.96

lio :: .70

Ox 26.01

as ..,12 R= -.2*S Rs ..20

Ds 13.01 Dm 19.86 Os 13.70 Os 52.74 Dz .00

9 Rs -.06 Rs .06 Rs ...34 Rs .38 op R2 .10

02" 6.85 Os 5.48 Om 41.75 Os 45.21 Os .68

R2 wT2IA Rs ..17 Rs .29 6 Rs ...08 Ps .00

Os 19.18 Oz 47.26 Os 21.23 Os .00Oa 10.96

As .02 Rs .03 Rs .00
11 ail -.12 An .08

Os 9.59 Os 50.0; DR 15.75 Os .00Ds 24.66

Rs -.0912 As .13 lil. .15 Rs .09
02 21.23

0111 .00

Os 16.44 Os 19.86 Ds 41.78 Ds 00

13 8s .20 gx .2i
Ds 12.33

Rs ...00 Rs 00
Ds 28.77 Ds .00

Rs -.03
n6 21.92 Ds 36.30

14

15

16

17

Rs '4,18
Os 6.85

Rs .01
Os 15.75

NU -.05
02 33056

Rs .12
-Ds 38.36

Rs .12
Ds 18.45

Rs .0
Os 30.82

Rs .05
Ds 17.12

-111
DR /0.96

.00

Ps -.15 Rs .33 G .00

Os 23.97 Os .00Os 50.00

Rs .08
Os 26.71

Rs .00

27.1023

Rs .02 Rs -.01

;:2s .0(1:

Ds 36.30 02 12.33

Pa ...01 Rs -.06
Os 34.25 Os 15.07

06 81 0

90 46 0

6= 31 0

83 51 1

74 27 1

34' 6 0

49 -39 0

. 75 29 1w

68 27 0

64 36 2

30 17 0

26 18 1

39 16 1

.

68 31 1

23 21 0

, 41 35 1

47 35 2

PERULST CjaREcr

ZIPPER THI4) LOWER TmIAJ BLANC

57u

000869
MARKEL)

0

O.

0

0

0

0

0

0

0

0

0

0

41

, 0



ITcm CiALYsIS

Scrambled

ITEM T F
RERLcNT CUP4ECT OCIIALY

NO. A N C 0 E HPPEN TmlAJ LOuFR THIRJ ALAN< NARKED

Is Rs .06'
Ds 7.53

19 Rs .10
Ds 26.71

20

21

22

23

?4

, .

25

26

?7

24

29

30

31

32

5'7i- "
34

Rs .03
Os 15.07

Rs 4.04
02 4,79

R= .1?
Os 6.16

Rz
D= 20,55

R= '.00'
Ds 37.67

R= .23
0= 43.84

4= '.20
D. 7.53

Rs -.07
Di 13.01

R= 4.04
n= 19.10

CI= -.12
0= 23,29

Rs ,13
0* 12.33

Rs ..43
Os 19.86

0= .16
ha 54.11

Rs .23 q= .no 67 37 o 0

Om 52.74 0= .00

R= .02
Dm 12.33

Rs .00

0= 700

31 17 0 0

Rs -.11 R= .17 5b 30 0 0

De 27.40 0= 1.37

Rs .50 0 4= .00 44 36 0 0

Ds 67.dl ns .00

R= -.0
n= 76.03

0= .no b2 4tl 1 0

1= .^0

Rs -.20 RO .14 R= .27 0 Rs -.10 Rs .10 dB 61

D. 6.85 Os 13,01 Di 73.97 Ds 4.11 Os 68

Rs .06 Rs ,12 Ns .04 Rs .02 R= .00 20 19

Ds 25.34 Ds 26.71 06 20.55 Ds 27.40 " 00

Rs .01 R -.12 R= .00 35 13
pal- ..1s

n= I3.70Os 36.30 On 214.77 n= 20.55 o= tno
.

Rs .02 Rs ''.16 Rs .18 Rs 4.14 R .00 72 50

Ds 16.44 Os b.RS nu 54.79 D= 21.42 n= .00

Rs .01 Rs .33 R= -.25 Rs .21 Rs .00 62 50

Os 6.85 Ds 63.70 no 19.49 0. 9.39 0° .00

Rs .31 Rs al 0$ ..04 Rs .51 A Rs .00 72, 13

Ds 26.71 Du 17.12,. nu 16.44 Di 17037 OS .MO

Rs 4.15 RS '.22 01 .21 Rs 4d 3 Rs .00 b4 16

Ds 7.53 Ds 12.33 D= 35.62 Ds 39.04 03 .00

Rs .08 Rs .19 RS .03 Rs If R* .00 29 22

Ds 17.8) Do 34.24 Do 19.86 Os P3.97 0' .00

Rs .02 Rs .09 Rs .07 Rs .00 Rs .00 21 45

Ds 11.64 Da 44.5? 11= 25.34 Du 15.75 no .00

Re .12
Os 25.34

Rs .24
Du 40.41

0= -.03
nu 27.o0

Rs .11
nu 6.16

00
ns

.00

.00

60 29

Rs -.17 RE .04 Rs .21 Rs .01 Rs .00 35 16

Du 11.64 Du 5.44 Do 27.40 DS 48.63 nu .00

R. .00" " '4103
Rs .02 Rs 03 Rs .00 23 17

Os 13.75 Du 24.64 nu 31.51 Du 21.23 no 00

2 0

0 0

1 0

,

0 0

2 0

3 0

8 0

6 0

4 0

0

10 Oun

. grit A;
10 0
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Scrambled
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ITEM
NO.

go

C 0 .

PERWIT
UPPER TMIMJ

CURRECT
LONER TKIMO dLANI

00J8LY
mAkKED

3S RA .14 Rs .04 R .09 Rs .02 Rs .03 39 32 9 0

On 10.96 On 21.21' n 14.36 Os-22.60 Os .69
d

Rs 05 -.20 P. .04 R' -.09 Rs .00 45 10 0

On 17.12 Os 34.25 D 19.14 Os

22:1:

.00

37
.41

Os63.70414 RA .73
Ds 13.01

o ,20 :: Qs

os 10.27 Os 7.93 00
.10
00

86 45 0

38 RA .18 Rs .29 Rs .11 Rs .16 Rs -.20 26 13 15 0

Os 19.86 Os 31.5{ 0 23.97 Ds 13.70 Os .68

39 R8 809 R8 .I3 R .12 Rs .10 40 .10 31 25 15 0,

Os 7.53 Os 19.14 0 14.93 Os 78.08 n= .03 4

40 Re .19 R '.01 R .02 Rs .21 Rs .00 27 11 11 0

Os 12.33 Os 25.34 0 35,62 Ds 19.1d Os .00

--1417141t4ARRSON R-ELIAOIL/rY .55 /

ST NOARO ERRAR OF MEASUREMENT 2.89

SPEARRANdROwN RELIABILITY i .63'

STANDARD ERRnR OF MEASUREMENT n 2.63

o

5'7
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IftiSTRUCTIONS: Please answer the following questions about the instructional packets.

I. When you were using the proportion (pink) packet, d;i1 you study all of thi. step

in the sample problems, or did you skip parts to finish more quickly?

Comments:
0

2. If yes, did you do this for all four packets, or more so towards the end of

the year?

Comments:

. 3. If you used the proportion method, did you find it helpful?

Coliments:

4. You were assigned the proportion packet in solving problems. Did you actually use

the proportion method?
Comments:

S. If you used another method instead of proportions, how did you learn the other

method?

o. If you used the proportion method but modified it some, how did you modify it:

7. Did you ever borrow another person's packet of a different color, to learn

how to do the prpblems?

What did you like most about using these packets?

Comment,,:

9. What did you like least about using these packets?

Comments:
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INSTRUCTIONS: Please answer the following questions about the instructional packets.

1. When you were using the factor-label (yellow) packet, did you study all of the

& steps in the sample problems or did you skip parts to finish more quickly?

Comments:

2. If yes, did you do this for all four packets, or more so towards the end of
the year?
Comments:

3. If you used the factor-label method, did you find it helpful?
Comments:

4. You were assigned the factor-label packet in solving problems. Did you actually

use the factor-label method?
Comments:

S. If you used another method instead of factor-label,_ how-did you -learn the other

method?

b. If you used the-factor-label method but modified it some, how did you modify it?

7. Did you ever borrow another person's packet of a different color, to len

ho'.: to do the problems?

8. What did you like most about using these packets?
Comments:

9. What did you like least about using these packets/

Comment:
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INSTRUCTIONS: Please answer the following questions about the instructional packets.

1. When you were using the diagram (green) packet, did you really use the diagram
or did you skip to the sample problems?
Comments:

2. If yes, did you do this for all four packets, or more so towards the end of
the year?
Comments:

3. If you used the diagrams, did you find them helpful?
Comments:

4. You were assigned the diagram packet in solving problems. Did you actually use
the diagrams?
Comments:

5. If you used another method instead of diagrams, how did you learn the other
. method?

6. If you used.the diagram method but modified it some, how did you modify it?

7. Did you ever borrow another person's packet of a different color, to learn how
to do the problems?

8. What did you like most about using these packets?
Comments:

9. What did you like least about using these packets?

Comments:
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INSTRUCTIONS: Please answer the following questions about the instructional packets.

1. When you were using tha=-alialogy (blue) packet, did you really use the
.

analogies

or did you skip to the sample problems?

Comments:

2. If yes, did you do this for all four packets, or more so towards the end of i

the year?
Comments:

3. If you used the arilogles, did you find them helpful?

Comments:

_fi..
,

4. You were assigaed0e,apalogy packet in solving problems. Did you actually use

the analogies? ''). ,f .

Commas:

5. If you used another method instead of analogies, how did you learn the other

method?'

6. If you used the analogy method but modified it some, how did you modify it?

7. Did you ever borrow another person's packet of a different color, to learn

how to do the problems?

8. What did you like most about using these packets?

Comments:

9. What did you like least about using these packets?

Comments:
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MoLLS TLACIILIZ'S (Ail 1)1.

Lesson 1 Mole as Particles

Prerequisite skills:

1. Students should be able to use scientific notation to represent
large and small numbers and in simple mathematical manipulations.

2. Students should knc, the difference between elements and compounds.,

Objectives:

upon completion of the lesson the student should be able to:

I. Mine the term mole in tenus of the iumiwr of particles of a pure
cmpotuid or element.

2. Calculate the ntuid)er or part isles or a substance, given the number
of mo!(,,.01 the :tibk.tance and the correct chemit al formula.

3. Calculate the number of moles of a substance, given the numberof
particles and the correct chemicp.formula.

*Lesson 2 The Mole as Mass

Prerequisite skills:

1. Completion of first lesson.

2. Students should be able to read a table of atomic masses or a

periodic table.

3. Students should In able to demine the atomic or molecular mass

of aui (Amid or Lowolutd. Obese shout,' he taught as a relative
weight not as the weight of unr iiittle).

51.

t %WS

Up011 COMplet1011 01 the lesson the student '.hould In' able to:

1. Define the mole in terms of the mass of an element'oi, pure compound.

2. Calculate the mass in grmas of one mole of an element or compound
given the correct chemical formula and a chart.of- atomic masses.

3. Calculate the mass in grams of a given number of moles of a substance,
given tLe correct chemical formulli, :ukl a chart of atomic masses.

4. Calculate the number of moles of a given Mass of a :albstance, given

the correct chemical formula, and a chart of atomic masses.

*Lesson 3 may be used before Lesson 2

581
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Lesson 3 111..! Mole as Volume

Prerequisite skills: same as first lessOn.

. .

Objectives:

Upon completion of the lesson the student sho4d be able to:

I. Ih fine tly tent, mole in terms of the volihne of an ideal gas at till'.
2. Calculate, the volume of au ideal gas at STP, given the number of

moles of the gas.

3. Calculate the moles of an ideal gas given C..- volume at STP.

Lesson 4 Combination Problems

Prerequisite skills: same as first three lessons with addition of
successful completion of the objectives of the first three lessons.

Objectives:

'Upon completion of the lesson the student should be able to:

1. Given the correct chemical formula, a table of atomic masses,
and any one of the following characteristics, calculate any of
the other characteristics; mass in grams, moles, particles,
and volume at STP if the substance is a gas.

+

582
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Moles Keys

Lesson 1

I. C

a

Test

I.
. P

2. o .. It

3. B 3. I)

4. C 4. C

5. 1) . 5. A

(. B , 6. C

7. B

Lesson 2 '
8. B

1.
9. 1)

2. B
10. C

3. C

4. B

Lesson 3

1 . C

2. B

3.

4. C

LeSson 4

1. C

2. B

3. B

4. C

6. B
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TEACHER'S GUIDE--GAS LAWS-

Lesson 1--Pressure and Voldme (Boyle's Law)

Prerequ is i te iki I Is :

1. Students should know that
as independent particles.

516

gases are composed o' atoms or molecules tbat act

2. Students should know in a qualitative way that as the pressure of A gas
increases, the volume decreases. /

Objectives: Upon comedetion of the Lesson, the student should I?e able to:

1. Predict the effect on a sample of gas if a volume or pressure orange is made
on Ow gas at cons.ant temperature.

e

a

2. "Calculate the new volume'of a gas given acchange An pressure at constant'
temperature,

J. Calculate the
temperature.

neXtressure-of a ga; given a change in volume at constant

-Lesson 2--Volume'and Temperature %(Charle's Law)

Prerequisite Same as Leson 11 plu,:s

1. Convert a temperature in degrees Celsius to de4Nes Kelvin and vice versa.

2. 'Students should know in a qualitative way that as the terperature of a gas
,increases, so does the volume.

-(

"*.. Objectives: Upon completion of the lesson, the student Should be able to:

1. Predict the effecl on a sample of gas if a volume or temperature change
made on the gas at constant pressure.

.

2. Calculate the new volume-of a gas given a change in Celsius tedperatufe
/constant pressure,

.

3. Calcufrte the new Celsius temperature of a gas given a change in volume
constant pressure._

Lesson 3--Combined Gas Law

PrereqUisite skills: Same as, Lessons 1 and 2.

Objectives: Upon completion of the lesson, the, student should be able to:

1. Predict the effect of a change of temperature, pressure, and volume on a
sample of gas.

2. Calculate the raw volume of a gas given a

3. Calculate the new pressure of a gas given

4.' Calculate the new Celsius temperature of a gas given a change in

pressure.

chang%In pressure and

a change in volume and

584
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temperature.
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1 8

2% A i ),

3. sA

4. C

GAS LAt.e. rt

Gas Laws- Quit Key

I: C.

2. A

4, B

Gas Lows III tbsii,Kvy
A

I, B I.

Law. Te..t Ky

Ii

4

2: B

3. A .3. A)

4. B , 4.

5. A.

. 6. '8

7.

8. .0

9. I,

T.'

- r a 1
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LESSON 1: Particles - Particles,. Moles- Moles, Volume-Volume

0
Prerequtsite

1. Students should have completed the unit on moles.

2.' Students should-be able to balance simple chemical equations given
the readtanct and products.

V

\

Objectives: After completion of the lesson the stu ent should be able to:

1. Calculate the number of particles produced or which rea ct when given a
balanced chemical eqdation and the number of particles that react or
Are produced.

2; Chlculate the moles produced or which react when given a balanced
chemical equation and the number,of moles that react or are produced.
. . . -.

Calculate the volume at-STP of gaseous products or 1-eactants given a
balanced chemical equaticin and the gaseous volume of eith4 the re-
actants or products. '

f

3.

j

LESSON 2:' Mass -Ma ss, Mass-Volume, Mass-Patticles

Preretquisi.te Skills:

1. Same as day one.

2. Lesson 1 of this unit.

*

Objectives: .After completion of the lesson

1. Calculate the,,moles, gaseous volume, or
ical reaction given a balanced chemical
a reactant or product.

the student

number pf
equation,

should be able to:

particles of a chem-
and the mass of either

LESSON 3: Volume-Mass, Volume - Volume, Volume-Particles'

Prerequisite Skills:

1. Same as day one.

2. i.esson 2 of :this unit.

Objectives:

1. Calculate the mass, gaseous volume, or
reaction given a balanced equation and
reactants or products.

O

Of

A

number of particles in a chemical
the gaseous 'volume of either on

5uoDr,
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L esson i

I; C

2. D

.3.

4. 0

L esson 2

1. C

a. C

3.

4.

Lesson 3

1. C

2. 0

3. C

4.

TEST

I. 8

2.

3.

4. C

S. B

6. B

7. D

8. 8

9. A

1Q. A
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MOLARITY - TEACHER'S GUIDE

LESSON ONE: BASIC MOLARITY CALCULATIONS

Prerequisite Skills:

1. Student should be able to convert milliliters to liters and
vice versa.

2. Student should be able to define the terms: solute, solvent
and solution.

Objectrves:..

The student', should' oe able to:

1. Calculate the molarity given the moles of solute and volume
of solution.

2. Calculate the molarity given the mass of solute and volume of
solution.

Calculate the moles of solute given the molarity and volume of
solution.

4. I lu of ..oloh. given I he molarity .111(1 volume of
.olut

5. Calculate the volume of solution containing a specific ma:is of
.solute given the molarity.

IP

0

LESSON TWO: B+LUTION AND CONCENTRATION PROBLEMS

Prerpquisite Skills:

1. Same as Lesson One.

2.. Completion 'of Lesson One.

Objectives:

The student should be able to:

or"

I. Calculate the new molarity when a solution of known molarity is
diluted with.a given volume.of water.

2. Calculate the volume of water that must be added to a solution
of known molarity to produce a solution of desired molarity.
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3. Calculate the new molarity when a solution of known molarity

is concentrated by boiling off a given volume of water.

4. Calculate the volume of water that must be boiled off from a

solution of known molarity to produce a solution of desired

molarity.

LESSON THREE: MOLARITY AND ST0.10110METRY

Prerequisite Skills:

1. Sames as Lessons One and Two.

2. Completion of Stoichiometry Lessons.

Objectives:
Orr

The student should be able to:

I. Calculate the moles or mass of a reactant or product given the

chemical reaction, molarity and volume of one of the reactants

or products.

2. Calculate the molarity of a reactant or product solution liven

the chemical reaction, initial reactant or product molarily,

initial volume and final volume of solution.

Calculate the volume of gas produced in a chemical reaction,

at STP, given the chemical reaction, reactant molarity and

reactant volume.



MOLARITY - QUIZ AND TEST KEY

LESSON I LESSON I I I

I. B I. B

2. C 2. A

3. 8 3. B

4. A 4. A

5. LB 5. B

LESSON 11 -TEST

1. D 1. B

Z. C 2. A

3. B 3. A

4. C 4. C

5. B
..'

5. D

6. B

7. 8

8. C

9. A

10. D

rL.) 1_,91
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REVEIW SHEET ON MOLES

Think of an analogy when solving a problem:

Compare number of particles in adozen to that of a mole.
Compare volume of a dozen to volume of a mole.
Compare mass of a dozen to mass of a mole.

eg. 1 dozen 12 objects 1 mole 6.02 x 1023 particles

1 dozen 3 cu. ft. 1 mole 22.4 liters

1 dozen oranges a different 4 mole at. wt-. or mole. wt. in grams

mass than 1 dozen lemons
eg. What is the volume of 5 dozen oranges if the volume of 1 dozen = 3 cu. ft.

5 dpaeli oranges x 3 cu. ft. 15 cu. ft. oranges
1 001,611

Remember : 1 mole 22.4 1 and 1 Ionia am 6.02 x 1023 n.111 it lei.

Problem: How many liters of CO2 do 5 moles occupy?

Solution:
1. Compare this to volume of a number of dozen.

2. Set up problem using analogy.

3

5 dozen x 3 cu. ft. = 15 cu. ft.

1 dozen

Substitute chemicals.

5 moles CO2 x 22.4 1 112.0 1 CO2

1 mole

Problem: What is the ma ^s of 3.01 x 1023 molecules of CO2?

Note: Because moles are not given, this Is a two step problem.

1. Compare to mass and particles in a dozen.

3,600 particles 300 dozen 3.01 x 1023 mollcules CO2

12 particles/dozen 6.02 x 1023 molecules/mole

59,2

15 mole CO2
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REVIEW SHEET ON MOLES

When given a relationship, factors can be set up. Set up the factor

so the units cancel.
12 in. or 1 ft.

eg. 12 in. - 1 ft. factor
1 ft. 12 in.

How many in. arc there in 100 ft.?

100 ft. x appropriate factor so units cancel

100 ft. x 12 in. = 1200 ft.

1 ft.

Remember: Relationship Factor

1 mole = 22.4 1 1 mole 9r 22.4 1

22. 1 mole

1 mole = 6.02 x 1023 particles

1 mole or

6.01x 1023 particles

6.02 x 1023 particles
1 mole

Problem: How many liters of CO2 do 5 moles occupy2-\

1. Write down the original relationship & multiply by factor. Cancel units.

5 Toktri CO2 x 22.4 1 112.0 1 CO2

1 merte

Problem: '4hat is the mass of 3.01 x 1023 molecules of CO2?

I. Write down first relationship converting_to moles.

3.01 x 1023 molAcUles CO2 x 1 mole

6.02 x 1023 molocUles

= .50 moles CO2

2. Use answer obtained in step 1 for step 2 using new factor.

.50 mole CO2 x 449 22 g CO2

1 mole
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REVIEW SHEET ON MOLES

Set up problem so that unknown Is in upper left of proportion, and

other values are placed in correct places according to units.

eg. If 3 pencils cost 154, what Is the cost of 10 pencils?

10 pencils 3Periin1;
Remember:

1 mole 0 22.4 1

1 mole a 6.02 x 1023 particles

Problem: How many liters of CO2 do 5 moles occupy?

1. Set up proportion.

x a 22.4 f

5 moles 1 mole

2. Cross multiply £ solve.

X 1 mole = 5 moles 22.4 1

x = 112.0 1

Problem: What is the mass of 3.01 x 1023 molecules of CO2?

I. Note that this is a two-step problem because moles are not given.

2. Set up first proportion by changing to mole3, cross multiply, and solve.

x 1 mole

3.01 x 1013 molecules CO2 6.02 x 1023 molecules

X 6.02 x 1023 molecules 0 1 mole 3.01 x 1023 molecules CO2

x = 1 mole 3.01 x 1023 molecules CO2 = .50 mole CO2

6.02 x 1023 molecules

3. Set up second proportion using answer from the first. Cross multiOly
and solve.

x '
50 mo e i02

X 1 mole a 44 g .50 mole CO2

x = 44 g .50 mole a 22 g CO2

I mole

591'
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REVIEW,SNEET ON MOLES

Volume

A

X 22.4 litorsAmele

X.
Atomic

or
'bitchier

Mess

22.6 liters/mole

Moles

A

X 6.02 x 1023 parucleshele +6.02 x 1023 particles/mole

Particles

A

Problem: How many liters of CO2 do 5 moles occupy?

Solution:
1. Locate moles and volume on chart.

Use relati_onship_for

3. Set up problem.
5 106 CO2 x 22.4 1 = 112.0 1 CO2

1g
Problem: What's the mass of 3.01 x 10

23 molecules of

1".
Locate molecules and mass on chart.--

2: Note two relationships that must be used.

3. Set up problem in two steps.
3.01 x 1023 molvees co2

6.02 x 1023 motoedles/mole

CO2?

.5 mole CO2

.5 mole CO2 x (12 + 32)g CO2 22g CO2

1 mole CO
2

595
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Gas Laws -RA -1

REVIEW SHEET ON GAS LAWS

Think of an analogy or example when solving a problem. The balloon

example is particularly good when thinking about gases.

Example:
The balloon below is being cooled and the pressure on it is being

increased. What shoUld happen to the volume?

In gas lea problems you must determine if the relationship is direct

inverse. .(Pressure-Temperature direct; Pressure-Volume Inverse).

If direct, set up so that an increase in one variable produces an in-

crease in the other, and vice-versa.

If inverse, set up so that an increase in one variable produces atde-

crease in the other, and vice-versa.

Problem:
If 500 m1 of a gas at 27 °C and 1000 mm Mg is cooled to -127 °C and sub-

jected to a pressure of 2000 mm Hg, what would be the new volume?

Solution:

I. Determine the change In the variabiesi
Temperature 27°C9 -I27°C or 273° + 27°K ->273°+ (-127 °)

or 300 °K 146°K

2. Think of the example above to predict the new volume for each of the

factorS.

. Set up the factors so as to increase or decrease the volume appropri-

ately. and do arithmetic.
N

0 ml x I46°K x
1000 mm Hg

300°K rte. 206b mm Hq ...
he temperature decreases /

s a

The pressure increase% which

w ch causes a decrease
(,

In lure,.

k. caues decrvase its volume.

596

528

= 122 ml
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Gas Laws-RF-1

REVIEW SHEE1 ON GAS LAWS

When given a re1ationn.hip, factor, Lan be wl up. %l up the factor

that the units cancel.

e.g. 12 in. = 1 ft. factor 12 in., or 1 ft.

1 ft. 12 in.

How many inches are there in 100 ft.?

100 ft. x appropriate factor so units cancel.

100 IX. 12 in. = 1200 ft.

e

In gas law problems you must determine if the relationship is direct or

inverse. (Pressure-Temperature = direct; Pressure-Volume = inverse).

If direct, set up so that an increase in one variable produces an in- i

crease in the other, and vice-versa.

If inverse, set up so that an increase in one variable produces a de-

crease in the other, and vice-versa.

Problem:
If 500 ml of a gas at 27°C and 1000 mm Hg is heated to 127°C and subjected

to a pressure of 2000 mm Hg, what Would be the.new volume?

Solution:
1.' Determine the change in the variables.

Temperature 27°C -2, 127 °C or 273° + 27° -11273° +
3000K -i 400°K

Pressure 1000 Mm Hg .42000 mm, Hg

-2. Set up factors, so as to Increase or decrease volume appropriately and

do arithmetic.

500 ml x
4009% 1000 mm-C19 . 333 ml
-----
300°K 2000 mmAg

aft

Temperature increases so ressure increases so

volume increases (direct) volume decrease', (inverse)

larger temperature on top. so smallest pressure on top.

597



REVIEW SHEET ON GAS LAWS

Set up the problem so that you work with a prbportion.,

e.q. 'f 3 pencils cost 15c, what is the cost of 10 pencils?

x (`cost, 15c
)0-pencils 3 pencils

3x = 15c 10

3x - 150c
x = 50c

o,

S30
Gas Lcws-RP-1

Because volume is directly related to temperature and inversely related to
pressure, the following equation can be used to Solve problem involving

volume, pressure, and temperature.

pry, F2V2

-ri

If
Problem:

If 500 ml of a Os at 27°C and 1000 mm Hg is heated to 127°C and subjected
to a pressure of.2000 mm Hg, what would its new volume be?

Solution:
1. Writs formula P1V1 P2V2

-TI
T2

2. Substitute values in the equation.

(1000 mm Mg1 (500 ml) - (2000 mm Hg) (V2)

T27 + 2730K) 1127+ 273°K)

3. Solve by cross multiplication:

jv (1000 mm Hg) (500'ml) (400°10 (2000 mm Hg) (300 °K) (V2)

(UN6r rma1001) (00 ;444614K) = V2

(20.0 90."11§) (3 r

.2- 3

i

333 ml 1000 ml- V2

3

593
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REVIEW SHEET ON GAS LAWS
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Problem:
If 500 ml of a gas at 27°C and 1000 mm Hg is heated to 12700 and subjected

to a pressure of 2000 mm Hg, what would the new volume be?

Solution:
1. Note what is given: Volume: 500 ml

Temperaturei 27°C - 1270C
Presture: 1000 mm Hg - 2000 mm Hg

2. Note what you are calcualting: New volume.
3. Note how one other variable changes: Temperature increases.
4. Note what this doei to volume: direct so Increases
5. Set up ratio to increase - largest number on top.

12/ 27 + :73

3

4000K

+ 7 13a5T
6. Only one ratio set-up, so now set up the other ratio.

7. Note that the other variable, pressure; increases.
8. Note what thik does to volume: inverse so decreases.

9. Set up,ratio to decrease - smallest number on top.

1000

10. Work out problem.

5 5 0 ml x 400cHrx 1 0 333 ml

Tent 2



REVIEW SHEET ON STOICHIOMETRY

a
h.

21

rta.
away

111,

Pol.

A

Po I it iS

a

Problem:
How'many grams of H2O Will be produced when 32.0 grams of -CH4 reacts with

excess 02 according to the reaction:

CH4 (9) + 2 02 (10-..---41.c02 (9) + 2 H70 (9). Atomic masses;

Co, 12.0, R= 1.0, 0= 16.0.

Solutioh:
Find moles C44: 32.0 grOhs CH4 = 2.0 moles CH4

16.0 yr/Ms/mole

Find moles H2O: 2.0 m9Ais CA 2 moles H2O = 4.0 moles H2O

1 m9te

3. rind grams H20: 4.0 mi9tes H2O ,4 18.0 grams, = 72.0 grams H2O

. 1.094e

Problem:
How many molecules of CO2 would be found 4f,100.8 liters of 02 (measured

at STP) reacted with excess CH4 by the above reaction.

Solution using moles-moles Method:
1. Find moles 02: 100.8 liters 02, 4.5 moles 02

22.4 liters/mole

2. Find moles CO2: 4.5 moleeOr2 x 1 mole CO2 245 moles CO2
imolea.-Of

3. Find molecules CO2: 2.25 molts CO2 x 6.02 x 1023 molecules
1 moll

13.5 x 1023 molecules CO2
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REVIEW SMUT ON STOICHIOnE7111,

)11.11nk of an analooy when solving a problem:

Campers number of particles in a do/Mi.-Tr-chi!! of mole.

Compare Volume of a dozen to volume of a mole.
Compare mass of a dozen to mess of a mole.
Caspar! "trading relationships" to balanced equation coefficients.

eg. 1 dozen - 12 wjects I.molo 6.20 x 1023 particles

1 dozen 3 cu. ft. 1 mole 22.4 liters

1 dozen orangei different 1 mole at. wt. 0: mole. wt. In grams

mass than I dozen lemons

el.. Whet Is the volume of 5 dozen oranges if the volume of 1 dozen

5 dozen oranges x lieu. ft. 15 cu. ft. oranges

dozen

Remember: I mole 22.4 1 and 1 mole 6.02 x 1023 particles.

. 3 cu. ft.?

Problem:
Now many greme.of N20 will be produced when 32.0 grams of 014 reacts with

excess 02 according to the reactionc

C54 (g) 2 02 (g) 2 1420 40-. Atomic masses;

C 12.0, 1.0, 0 16.0.

This problem is $140-41e to the situation In which 114-trader wants to_know
howlmeny grams of ()mites hp /she can obtain for 2400 greens of lemons if he/she

knows that I dozen lemons may be traded for 2 dozen oranges indthe wel9hts of

a dozen leions and oranges are 1200 and 1500 grass 'respectively.

SOLUTIONS

Fruit txmola

I.

i
24Q0 tuft lemons m 2 doz. lemons 32.0 iC006 014 2.0 moles 0144

12 015 eceesflozon 76.0 grass /mole

Chwnlicry Exempla

24 2 doz.Igedhs x 2 ran 9 2.0 m001 j114 x 2 moles N20 _0 4.0 moles 1120.

MOT* PI%

4 dos: oranges

4 de oranges x 1$00 *rams
1 damn

6000 gram* oranges

4.0 mojes He)'m la a r*ms1072.0 grams H20'

Problem:
hemNtfoofmolecules of CO2 would be formed If 100.8 liters of 02 (measured

at SIP) reacted with excess CM4 by the above reaction.

This problem is similar to the sit4tIon In which a trader wants to know

he many Individual oranges he /she can obtain for g pints of lemons it 3 pints

of fruit ire equal to one dozen.

501,UTIONS

Fruit Example
... Chemistry Eximp4*

A

1. 2 or. lamlons 3 :fru. lemons 100.8 liters 0 4.5 moles 02

) O./doz. .TErTlxers me .

2. i doe. lqprogi% x 2 Gran es 4.5 moyes,415 x 1 mple CO2 * 2.25 motes CO2

;won c Ipkgs 94

6 doz. oranges

3.

..

6 dal. oranges x 12 2.25 moill CO2 x 6.02 x 1023,molecules

.
1 mole

72 oranges

7

601

13.5 it 1023 molecules CO2

4
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t RIVIEN SHUT ON STOICNIOMITRY

Set up problem stthit unknown Is in upper left of proportion, and other
4

values are placid In correct places according f, units

eg. If 3 pencll?'coit 1St. what,is thetcost of 10 pencils?

assiAL
10 penclUO 3 penlils 'Its

1 moL 22.4 I

I m6Ie x 103 particles

Nomember to uqq the isiencod equation cdefficlenti to set up proportions when
converting from moles x to moles y.

Problem:

Now many grams of M20 will be produied when 32.0 grams of CN4 reacts with
02 mt.cording tb the.reactlem.

C114, (4) 2 02 (0)--6--*CO2* (0) 2 H2O (g). Atomi, nosiest`
C, 12.0, tl 1.0, 0 16.0.

Solution:
I. Find moles C114 from grams:

32.0 gross /114

(x) (16.0 grams) (32.0 dams C14) (1 mole)

A ()lig IT01041MA) 41111101e) 2.0 moles cm
j 1.0 gram!)-

#

find moles 1120 frim equation: x. 2 moles me
2.0 moles CM%

, I mole 0111

(x) (1 mole Gli) (2.0 moles 014) (2 moles Hs)

(2.0 4001 CON) (3 . s 1420, 4.0 moles H2O

141611191114 40

3. rind gialw-1120 tram moles: x lidan!!!
%.0 mores 1120 I 11101

(a) (I mole) el (4.0 moles N20) (18.0 gram)

x (4.0 moss M20) (18.0 grams) ft, 72.0 grams H2O

Problem:
Now many molecules of CO2 would be formed If 100.8 liters of 02 (mosowtiod

at ST) Matted with excess CM4 by the abovoreactibn.

Solution:
I. find moles 02 from.11ters: x 0 Lintels'

. 112rrrrari' )1.4 liters

(x) (22.4 liters) (100.8 liters) (1 mole)

(100.th11 sfrsi(i mole) 4.5 moles 02
it)

2. Find moles CO2 from equation: I mole CO

60 (2 moles 02) (4.5,m01.1 02) mi. CO2)

1,a motel) ) (1 mole CO2) 2.25 Moles CO2

3. Find molecule, CO2 from molies: x 6.02 x 1023 molecules
2.257431;r117 T mole

) (1 mole) " 12.75 moles 102) (6.02 It 1023 mnloculns)

(2.25 muld4 CO2) (6.02 x 1023 mulefules) - 103 molfrules

(1 mnI0)

602

o2

534



1,11 W 1111 I . I. 111WIt I

Wh. 11,., 1 Idt I., 11. ft

'Co the on it s atv et.

eq. I/. tn. - " ' II PI, 11

i7 1,

.

many In. 1P th,41.P..p t .7

100 ft. x apnrtpriate fctdi

Wq ft. A 12 in. - 1200 It.

T

eteeThet . .10 i Ili...hip Fat tilt
4

1 mole 22.4 I

I 6.0. A 1023 pall,

I 'elute ot 21.4 I

27.1- T TIZale

I mule
s. 717j7T it T."..

4 x

Iteenth.t t u.t U. 1.1! Ant eti 0,IttAt t,1,-. ,e I , It. nt y. I I la ..h.1
otiveri hill 1. Ail r'. it) 11101e

Problem:
How ani irdns of H2O will be 1,,A1ucP1 .4he,i 12.0 vairs ot 1114 lewts with

excess 02 ar.ordinn to the :election

("4 10 + 2 II: 1.4) -----""."2
C 12.0. H - 1.0. 0 16.0.

I 2 11 20-2- 10. MAS%eit

' Solution:
1. Set up moles/gram 1.H4 Tiet 1 mole

Tr.o rams

2. Set up mole* ran equathm factor: 2 moles H20
1 mote 1.4

3. Set up gloms/mole H2O tertot 18.0 _grams,

I mule

4. Hglitplyioo fictors by qt van quantity-

11.1 va.
Tor

naJa4u 11 9

niruTFt1W

Problem:
Now many molecules of CO2 would be found it 10G.8 'troy% of G2

at SIP) reacted with excess CHIC by the above reaction.

S that ion
. oh t . iit I.11 tot - mole _

51:71 ill,

2. Set up mole, from equation rat tar: I mole 102

2 moles 02

3. Set up molecules /mole CO2 factor: 6.02 x 1023 molecules
1 Tole

72.0 qra

(measured

4. WIt) ply factors by 9140) quantity:

f00.8 liter% 02 x I :1,94-0
1 mC411/

6.02 x 1023 mole uses

2 moles 01 1 "3"21.6 it to,

13.1, 10
2,) molotolos 607
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Name: Mo -II -QF -1 536

Period or small group:

Please answer the following questions by circling the correct answer.

In order to get full credit for question five, you must show your work.

Remember to set up factors whenever possible to help solve the problems.

Example: A jet can travel 500 miles per hour, how many hours would a
trip of 2540 miles take?

2500 Tioles x 1 hour i 5 hours
500 m)s

I. What would be the molarify of a solution made by boiling off 500 ml
of watvr frimi 2500 NI of a 2.0 M NA] solution?

A. 0.40 M 8. 0.625 M

C. 1.67 M D. 2.50 M

2. What would be the molarity of a solution made by adding 1.0 liter
of water to 2.0 liters of a 3.0 M NaCl solution?

A. 0.22 M

C. 2.0 M

B. 0.50 M

D. 6.0 M

3. Now many milliliters of water must be added to 750 ml of a 1.25 M NaC1
solution to roduce the molarity to 0.50 M?

A. 217 ml

1. 2583 ml

B. 1125 ml

D. 2625 ml

4. What would the molarify of a solution made by adding 850 ml of
wale' u 1400 ml of a 7.6 M MAI ..olution?

A. 0.62 M B. 0.83 M

C. 1.62 M D. 6.62 M

5. Now many milliliters of water must be boiled away from 1200 ml of
1.6 M NaC1 to prOduce a 2.0 M NaC1 solution?

A. 160 ml

/. 533 "/

B. 240 ml

D. 2160 ml

604



Name:

Period or smell group:

'Please ono*r the following questions by circling the correct answer.

In order to get full credit for question flue, you must show your work.

Questions one through four deal with the following balanced reactions

- 'l 440). mo(o402(,4)-----0 mea2(m) 2 1420(1)

Molecular Mosses:MC1 36.St Mg(0802 58.3 ; meta 38.3 ; 820 18.0.

1. Mow many soles of magnesium chloride (MgC12) would be produced when

2.0 liters of 1.0 M hydrochloric acid (MCI) reacts with a sufficient

amount of sognesiverhydromide Mg(001)27

A. 0.5 mole

-C. 2.0 moles

O. 1.0 *Ole

D. 4.0 moles

2. Mow many grams of magnesium hydromido (M8(01)) are needed to react

completely with SOO mi of s 1.20 M hydrochloric ecld (NCI) solution?

A. 17.5 grams

C. 194.3 grams

I. 70.0 era*

O. 278.1 grime

3. What would be the polarity efl$0041 of magnesium chloride (MgC12)

solution formed when 1200 ml of a 4.0 M hydrochloric acid solution

reacts with sufficient magnesium hydromide (mg(011)2)1

A. 0.10 M

C. 3.2 M

I. 1.6 M

0. 6.4 M

4. Mow many moles of magnesium chloride (MgC12) would be prOduced when

1800 *1 of 0.26 M hydrochloric sold (MCI) reacts with a sufficient

amount of magnesium hydremide Mg(011)21

A. 0.12 mole

C. 1.30 solos

5. 0.65 mole

O. 2.50 moles

S. Sodium carbonate (MIL %) will react with hydrochloric acid (MCI) to
form sodium chloride (MCI), water (1120) and carbon dioxide (CO ).

Now many liters of CO2 (measured at STP) will be produced when 300 ml

of 6.0 M MCI reacts with sufficient MegC031 Reaction: $02003 (0

*2 MC1(44)110 NaC1610 N200) -0O2(0

A. 2.2k liters

C. 74.7 liter,

603'

I. 20.2 liters

O. 224 liters



Name

Period or small group:

Mo-1-0 -1

Please answer the following questions by circling the correct answer.

In order to get full credit for question five you must show your work.

Try to think of the analogy of soup as you work the problems. Example:

What would be the dozarity of a soup made by adding 5 dozen pieces of

corn in enough soup to make 2 liters?

3 dozen corn 24dozen 2.5 dozarity
iliters liter

All of the following questions deal with the substance potassium chloride

(KCI) which has a molecular mess of 74.6 grams per mole.

I. What would be the molarity of a solution mode by dissolving 6.0 moles

of potassium chloride (KCI) In enough water to ache 3.0 liters of

solution?

A. 0.5 M I. 2.0 M

C. 3.0 N O. 6.0 M

2. what would be the molarity of solution made by dissof:sing 149.2 grams

of KCI In enough water to make 1200 ml of solution?

A. 0.42 M

C. 1.67 m

I. 0.60 N

O. 2.40 N

3. Now many grams of KCI would be present In 1600 al of a 0.50 M KCI

solution?

A. 23.3 grime

C. 93.3 grams

8. 59.7 gram

0. 238.7 grams

4. what would be the molarity of a solution made by dissolving 0.45 moles

of KCI In enough water to make 1400 ml of solution?

A. 0.32 M

C. 28.0 A

S. Now many nilliters of a 1.6 N

of KC1?

A. 8.0 ml

'. 320 ml

S. M

O. 35.7 N

KCI solution would contain 14.9 grams

8, 125 ml

O. 3125 ml

so 6
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APPENDIX H

Sumpary Tables of Multiple Regression Analyses

60,7
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guLTI P\L t R 6 ^ . I

S 11 11 Y T 64 LE

STEP VAR/A8LE F TO SIGNIFICANCE MULTIPLE \ R Sou411C R 7.,1=1: SIMPLE R OVEMALL F SIGNIFICANCE

ENTERED REMOVE( EATER Oa REgOvg

I VVOV
VVOI 102233

,74$27 .173
.190

.02346

.06250
2 NARSTOT i0.39443 .001 13337

x3 1

3 PORT

X2 1

...28.44913
16.201S

6.:

233(2
.27100
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7441
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'iiii
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______. __ .34352 q.3390

2.09297 .35634

VIX2
VIX3 2.37449

3.56601
illi

36626
.36790.

PA3' 1.44078- .35998
JO VIX1 ... . _ _1.31461

9 . _VAX' ____ _ .0732
-4-37634

.37441
VMX2 .799
VOIX2

.04508
.767

.37656

.37688
. 1$111

.
.44779

.414 .38114.68888
ENX3 .38142.00025

VPX1
VPX3 1.12398

.54601 ,.._______!!!!

.20722
4.290

.38521
08430

.36736

IMX2 .56033 .30270 ,

it .04328
.101 .48804

I:11. o 1.77474
,9012

tP42 1.1049 .39261
11 WU ::::

414*$
-. )

5.33955 .02,
039030
.60071

iP543, .24138 .404 .41026

1

If VIMX1
VIMX3

-
.

.02941

.00335
.

.951

.461 41037
.41136

13 OPX1
WWII

466::
1,110x2, .34825

.364

.02, .

.41348

.434
.41008

v1PX3 1.14792 .465
:Tx

14 viogX1 .31043 .374
vPmx2 .779

.42423
07909 42477

4P4X3 .681

;I U

1$ v10441

VIP4A3
VIP/94/

iPMXt
/POIX3

/PMZ1

//

.23742

.49368

1.82324

:/gg

.14667

.47648

.414!

.377

.489

;42008

43062
.43293
43349

.42967

.44493

.93401

.00056 .0006 -.0/.136 1.00398

.09391 .00335 .04851

.02414 .02023 -.13131
0490 .53016 .19540 f.32069

:::::::.073,4 .01414 .13513
.09403 .02459 -.06369
.1095* 01)43 -906103
11010 .0001. .06190 ,.96233

.11124 .00111 .13223

.112b7 .00133 .11616

.11330 .00073 .06471

.11407 .n0078 .07731

.12363 .60655 ...03702 4.40187

.12366 .00003 .14474

12390 00412* m47$
12495 .00105 -.09121 3.87846
12699 .00203 .04777
.12959 .00260 .11372
13416
.13341

.00457

.n0123
901299 _

.12g24
3.69002

.14163 .40422 .04322
04188 .00005 .04303 2.97838
.14180 .00011 .04634
.14204 .00124 .13909
14527 .00323 .05696
.1048 .00021 .13216
.146,6 .00096 -806447

.29910 .33337 .11114 .00104 .062S1

.14838 .00049 .0)407
.14790. _.00144 --.04432

.15005 .40166 .10450

.15148 00134 ..06i99

.15220 .00081 .10685

.15414 .00193 -.0048

.15680 .00466 -.03679

.16706 .00906 -.05267

.16632 .00046 .12126

.16646 .00023 .05426

.16922 .00063 .1001

.17064 0)0142 .06096

.17363 .40499 .,07051
:17794 .00233 -.06490
.17995 .00200 .10009

17997 .00001 -.04047
.18043 .00046 -.04607

.18411 .00334 -.041.25

.18343 00082 .11091
18742 .00199 ge.05997
.18791 .00049 .05995

.18441 .00030 -406061

.10037 .00013 .11450

.11180. .0060 .1038

;7:-
0

__O_____

-.000

-------f.S7272.------90002.-

q .

2.60904 .000

,

.000

d43806 __ __-.0000._

2.40311

2.16032 .000

2.06192 .000 614AL



* *
02/M0E147 VARIABLE,.

$1E0 VARIABLE-
ENTERED

VVOV
490I-,
MARSTOT

3 PPRI
4 X3 - . -

X2
X1

VA2
VA1
44.1

03
142
I81
1481

MA3
mA2

7 1042

SOT

REMOVED

_ _ . -

s TO
ENTER OR REMOVE

.01552

.76764
13.11041
42.04282

.93172

.61180
. 01252
.11243
19197
.21288
.06291
.63890
.10208

2.251583
.19113

1.04532
.00408

1.86764
.00342
.0080
.19130

1.20846
.01638

1.11991
.141134

2.80853

mUL.

S 11 m 114

SIGNIPICAmCE
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.00n
n
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.434
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.407
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.134
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.304
.949
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.921
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R SQUARE
Cm4mGE

.00042

.00150

.02436

.07245

.00534

.00128

.00002

.00060

.00004

.00053

.00000

.00094

.00018

. 10353

.00001

.00183

.00120

.00367

.00001

.00056

.00000

.00210

.00049

.00044_

.00095

.01257 __

.00000

.00799

:28311
.00000
.00276
.00032
.00117
.00222
.00300
.00079
.00043
.00122
.00068
.00034
.00453
.00011
0627
.00170
.00075,
.00524
.00340
.00114
.00000
.00003
.00084

SIMPLE R

,.02033
.04303

*:11442
.29334

*011253
*806477
*.0bi93
*1189
.0061154

*.00411
*01320
*4702
*806550
- .04045
- .06178
- .06616
*.04179
*3144.
*.07194
- .05627
- .06452
- .07079
*.04036
_07144
*04321'
- .04896

04E44'1 F SIGNIFICANCE

604

.71446 403
14.3240 .000
8.75023. _6000

4.77094 __._ .000-

4.07059 ,.000

3.57623 __--__.000_

4.14756 _____.000---

4.97446 .000- --

---
pAl
pR3

..- -1 -VIZI
VIA3
VIX2

- ..9 VMA1
VMA2

_ 41011,

_041
/14713

042
14. VPAZ

0'41
043
IPA1

IPR2
11 PmA1

04142
pMX3

12 V1NX1
VIMX3
VIMX2

13 V1PX1
VIM
VIPX3

14 VPMX1
%WHIZ
v0.165
IPMX1

0842
iPM13

16 VI14141
VIPNA2

if VIPMA3

-

.43893
6.65235

.05848

.35619

.01197
2.25307
01601
.69120
.31462

2.14195
.46022
.93527
.14443
.39360

1.33745
1.84627

. _ .06329
3.91172
04840
.21573

1.95532
2.44336
.66724
.08768
.05466
Aeon

.508

.
.031

.449

.351

.411

.134

.469

.41n

.477

.140

.494

.134

.604

.434

.216

.171

.401
.049
.440
.446
.161
.116
.414
.767
.614
.444

*4299
007609

-.044
*06/20
*03189
*40498
- .05190
*02366
*3816
*6205
0.06165
0.06131
*01479
- .04495
.04476
- .06112
4344
.06052
0.06450
.03007
*4,06128
- .06204
- .05046
.05474
:DOOM

2.58465 .000

2.47205 .000.

2.31241 .000.

2.218,4 . __JOAO

1.11714 _ .000

2.0602,5 .000 .

1-

1 3



-ft t It- vvvvv
C9011POU1 VSAIAILI.. PLC)

Ulf

1

2

3
'4

S
. .

6

g

7

4

_

10

11

12

13

14

4
19

4 " 4 * * $

47714111
4141410 RIPCVEC

4,:44

VVC1
1,2151CT

F877,
. 73

111

X1
V12
Vs:
V$3
Is?
'11I
111
P71
753
P12
Fs2
801
71
V171
V173
7172
11,41

v4x2
7413
1171
Ifs)
1,72
VFXS
1071
V812
2711
1:112

isx2

'P5 I
Pos2
Vogl

VI".
V1911
VI*42
V1771
VIP*2
yIss3
vP0A1
voiles?

v7u43
18P41
:Wu
!PPR!
v$ ?Pi1

VIIPPs2
VIPP4,

F IC
ENTER Ck REPCVE

.C36'C7
10.8iSS6
7.41SC9

32.51034
2.24745
.51107
.256C4

4
.5(262
.CC36S
.31342
.08342
.01307
.05576
42400
.33039
.03133

2.2/854
.1C933
.24677

1.16884
.56678
.16565
.01116

, 1.35423
_Zei316.4
5.456C2
.29523
.34044

2.84126
1.57956

.01369

.21174

.31546
k.C2352
'.1123S
.1(376

1.61632
2.55141
.00702
.16331

2.02613
01632
464CC
.01641
.16C11
.0C236

1.40483
.02117

3.31411
.31541

2.C9C46

SuMmaky TABLE.
SIGRIFICAkCE MULTIPLE R R SCUAPE

.849 .03628 .00132
.15371 .02363

.407 .19650 .03861
0 .11766 .10051

.072 .33411 .11163
,446. .33521- .11238
.614 :33595 .11286
.353
.479 .33957 .11531
.952

.33792 .11419

.575
.13959 .11532

.773
.34172 .11677
.34204 ° .11699

.909 .34205 .11702

.813 .34214 .11706
854 .34262 .11739
.566 .34353 .11802
.860 .34415 .11844
.132 .35028 .12770
.746 .35057 .12290
.620 .35125 .12338

.35720 .12759
::85? .358.72 .12868

::::
.35940 .12917
.36003 .12962
.36214 .13115

L___:::114; .36523 .13340
.020 .34648 -.1475
.585 .37923 .14382
.560 .37957 .14407
.093 .38351 .14708

.34851 .15094

.27::86 .38874 .15412

.602 .38907 .15138

.575 .38984 .15198

.155 .39249 .15405
.39556 .15647
.39581 .15667
.39662 :15731

....12]!

.1:1

.

.40512 .16412

.40513 .16413
.686 .40685 .16553
.155 .41042 .16944
.444 .41178 .16956

.41406 .17145
:::: .41406 .17145
.bag
9:1.961

.17181
.41496 .17219

.236 .41863 .17529

.865 .41869 .17530

.068

.572
.420111 .17109
.42443 .12016

.149 .42.4.13 .18413

P sauPPE SIMPLE R )

CHANGE

.00132 .03624

.02k31 .15347

.014V8 - .11943

.06225 .28569

.01072 -.10927.

.00075 -.07740

.00048 -.05021

.00133 -.05654

.00112 -.05189

.00001 -.09602 '

.00145 -.09749

.00022 -.06574

.00002 -.04807

.00004 - .05526

.00033 -.10621

.00063 -.08306

.00042 -.05784

.00426 -.02671

.00020 - .10154

.00048 -.051-29

.00421 -.09037

.00109 -.05149

.0004S -.06363

.00045 40.r.06780

.00151 '1-.10324

.00225 -.05693

.0091-5----.09264

.00057- -.07298

.00026 -.03860

.00301 -.03707

.00386 -48626

.00018 - .02878

.00026 -.09064

.00060 - .05144

.00207 -.03554

.00242 -.06434

.00020 -.10124

.04064 -.06492

.00681 -.09514

.00001 -.06322

.00140 -.02354

.00291 -.03674

.00142 -.08059

.00144 -.05333

.00000 -.04458

.00036 -.09618

.00039 , -.04113

.00309 -.09790

.00006 -.08817'

.00178 -.03769,

.00307 -.04731 ,

.00399 - .03822

OVERALL F
.

5.77147

6.37245
13.32734
2.57832

4.75056

. ,

3.87206

:3 3923k.

3.06777

2.7C555

2.34562

-,

2.21524

2.1550S .

2.0703.0

1.86534

'

47

SIGNIFICAU8-

.003

'..000
.000
.000

.000

.000

.000

.000'

0

4.00

.000

.000

.010

.001

.001

V



06 $ s s I it $ ***
C/PaCE*1 VARIA81.1.. PCT

w

4 41..ili)lk t+1.; 4 * * I ********* *

euMMARY TABLE
STEP v.auleti F IC SI4M1FICAACE MULTIPLE R R SCJARE R SQUARE SIMPLE R OVERALL F SIGNIFICAKE

EATE4EC REPCVEC ENTER OR REMCVE CHANGE

1 VVCV .2,t626 .613 .04164 .04173 .00173 .04164 1.41714 .243
VVCI 1.41854 .167, .07326 .00537 .00364 .06989

2 OARSTC1 !.4E311 .020 .12518 .01567 .01030 -.10340 2.78C44 .040
3.--° PFP1 67.461SC 0 .35791 .12414 .11247 .35347 19.21717 .000 .

4 X3 1.35519 .237 .36742 .13500 .00685 -.08601 11.69411 .000
Xi .3341C .564 .36857 .13585, .00085 -.06892
XI oie21 .754 .36010 .13601 .00016 -.06803

S v12 .1CS4 .745 .36881 .13602 .00001 -.06347 6.47611 .000
vxl .cc2e7 .950 .36144 -- .13607 .00005 -.06325
Vx3 .CC315 , .955 .36894 -.138-12 .00005 -.08135
1X3 .11423 .736 .7048 .13726 .00114 -.09062
IX? 2.01812 .156 .37402 .13989 .00263 -.07738
1X1

i
.5C737 .477 .37515 .14074 .00085 -.07066

146 ,1 .5C/4S .477 .37612 .14147 .00073 -.06266 5.25515 .000.
P*3 44212 .506 .37691 .14206 .00059 -.08073

,_.
Px2 .05336 .760 .37712 .14222 .00016 -.06316

7 PX2 .55227 .458 .37729 .14235 .00013 -.06064 4.61350 .000.
Px1 3.02526 .083 .38591 .14892 .00657 -.04128
PX3 .0*G76 .776 .38608 .14906 .00014 -.08186

8 VIII- .000OC .999 .38655 .14942 .00036 -.06505 4.04457 .000
V1X3 .261e4 .609 .38741 15008 .00066 -.08555
V1X2 .CiC24 .887 .38745 .15012 .00003 -.07039

9 V'XI 3.62234 .J58 .38960 .15179 .00167 -.06070 3.57368 .000
VPx2 3.97180 .047 .39663 .15731 .00552 - .06524
v113 .11068 .680 .39744 .15796 .00064 -.08096

.._ IPX1 5.CCSS5 .026 .40560 .16451 .00644 -.07016
1113 1.26414 .261 .40867 .167u1 .00250 -.08538
IPX2 .01329 .908 .40870 .16703 .0P" -.07276

10 .VFX2 .6E801 .407 .41011 .16819 .0 -.05744 3.16987 .000
- -;VPXI 1.74125 .188 .41575 .17285 .0( -.04955

VPX3 .57313 .324 .41886 .17545 .00e60 -.07553
IFX1 1.674C3 .196 .41980 .17623 .00078 -.04879.
IPx3 .34495 .530 .42181 .17792 .00169 -.08333

- IFX2 .1E376 .348 .42355 .17939 .00147 -.06574
11 PPx1 .363S7 .547 .42357 .17941 .00002 -.03859 2.96150 .000

P112 .86288 .3E3 .42665 , .18203 .00262 -.04937
PPX3a, .44E7C .503 .42752 .18278 .00075 -.08215 .

12 Villa .66869 .346 .42766 .18289 .00011 -.06545 2.8C244 .000
VIPX3 .CC17S . .967 .42887 .18393 .00104 -.08617
VI.Px2 11t4 4 .168 .3256 .18711 .00318 -.07462

13 VIPXI .01* 5 .893 .43277 .18729 .00018 -.04327 2.61278 .000
VIPx2 .02240 .881 .43285 .14736 .00007 ,-.06138
VIPX3 .61145 .432 .43405 .10840 .00104 -.07716

14 VPMXI 3.00612 .084 '.43518 .18938 .00098 -.05127 2.94166 .000VFPX2 4.OSSOS .J43 .43954 .19320 .00382 -.C6237
VPPX3 .39111 .532 .44041 .19396 .00076 -.08115IPPX1, 7.37344 .007 , .4517E .20408 .01011 -.05080
IPmX2 .63111 427 .45366 .20581 .00173 -.04460
1P1X3 .534CC .465 .45464 .20669 .00089 -.08401

IS VIPPXI .96770 .326 .44598 .20791 .00122 - .05750 2.41446 .000VIPPX2 .26841 .605 .45601 .20794 .00003 -.06864
VIPP41 .6147C .412 .45124 .20007 .00112 - .08398

611 .
617



.111

prognnENT 94410LE.. OLT

STEP 1166/8811

M I P L EU L I 5 :1 I U

5 ummAR7 TARLE
TO 514NIFItARCE MULTIPLE R M WARE R SnuARE SIMPLE R OVE8ALL F SIGNIFICANCE

ENTERED REMOVED ENTER OR 4IEMOVt. CHANGE

I vVvv
2081

iF mARSTOT
3 PPRT
4 83

12
11

--IL 962
vAl
VX3

1113

144

141
6 MAI

443
442.

7 442
641

643
vIA1
6143
01A2

-2_9941
1,0442

10012

041
/RA3
MA2

6,41
10043-

'PA
!PAZ

11 4041
6m42
tmA3

IP vI.151

vINA3
vImA2

13 vIPAI
81042
1/11043_

14 6PmAl
v94A2
emx.1
01441

/PRA3

14 6104/11

VIPRA1
VIPM43

36..94659
6.81225

1.Sn069
9'040

A004
.006'

.004

.1P1 .06260 .00392 .00191 .02071

.11042 .01706 .01314 -.10116

.04445 .00201 .00201 -.04485

li.;;;;; 4:3:6116:
.18845 08344 00643 ar.151

5.10631 .053
8.17320

6.62378 .010
.T8928 .08368 00019 .01159 _ 0

.85206 .154
01906 109949 .01621 4..10320

.31844 .10140 .00151 .06432

.044
.31444 10140 .00000 ...09,78,.00931 .402T

.16722 .541

4.76775

2.92807

2:914::70 ..°411.

.32072 .10246 .00146 ..07452

.32675 106f5 .00390 .02505

.32747 10750 00075 .00069

1.46096

.92:i

.32140 .11004 .00260, ...04d65

.327n .10750 .00000 ...10422

.00014

.01241
. 644

.33190 .11016 .00006 .09479
33191 111016 .00001 .01125

3.84846 __ .000 . ._._

.21324 33255 c)111053 .00034 - .10440

. 514.24942 .33249 11063 .00000 ..0v329 _ ..000.

1.47243

4.51146

.32209 .11095 .00040 -.06400

.....

.34464 .118;7 .00782 ,.,.01676

,,11451 34553 .
.11932 _ .00055 _01209

.34737 .545 034603 .11974 .00041 .02115

.16785 .34647 12005 .00030 -.09005

.30337 :::; 35650 - .12006 _ _.00002.__.01986 ______.2.51603 .000

.34733 .12064 .n0058 - .10095

3::::g

1.10627

2:::71;77
_.35689 ______AOs_______.4901 ..___.12932-___.00261_ .00250

.11314

.201793:1

.22010

.03340

.14865

.034

.737

.293

.57,

.48S

.5 7

.130

4.1111144

.4:4

.707

.04778 .120y5 .00031 .02273

.37400 )3908 .00660 '04051
46393 1/326 .00078 .06792
°4509 349 .10002 41064

.34471 .12633 .60306 .003qg

.33586 !1264 .00011 4*.10689

.36468 .132,6 .00294 :::::1:

.36399

.34832 012147 .00051
---.06750

03249. .00023

1.44576

ilit)

.37792 .14292 .00,61 4110024

.38155 .1049 .00266 .01669

.37556 .14022 .00034 6..06625

::::::: . .000

2.45032

1.51918

'400963
.13314

.31143

.614

.38200 15493 .00002 .01692

.38232 .14617 .40024 .10/89

.34198 .144391 .00041 ...04124

.000

.24100
*4242 14624 .00007 0:4'004
.340,1 .14e85 .00261 .07780

1.46966

1.97844
.071R

.39040\ 132'9 .00356 ...00642
.001

.39447 \, .13512 .00272 .47,80 1.05470

.:11;73! .39447 \ .15593 .00079 4..04144

1.27540
::::

.39924 .13949 .00048 .04,141.72313 39804 415491 .00299 ...00654

1.29644
.65620

.F:794. '

449435 .16360 .00002 .02246
.40333 16267 .00320 ..01130

.0061 1
26793 40607 10485 .00133 00114 1.76271

.14855 .494 0.*49904 9467 .00002 .08801
:37766 .339 .406e0 .10543 .00060 ".01126

4,



-
pgpeNDENT VAmt118LEs. ST

1-4 T I 4.

S U 14.14

L E

491. T

4.

at. E

.

STEP . VARIABLE F TO 678NIFICANCE 9111.TILE 4 R SaJAAr, R SQUARE SIMPLE R
ENTERED REMOVER ENTER OR RtMOVE CM ANNE

1 pV4v. .10976 .741 .02192 .0004d .00048 ..0e192
VV4I .74523 .614 .03102 .00097 .4.02/52

p NARSTOT 19.34656 .000 .19114 ms4
.00049
.03557 ..1dd32

3 pP4T 40.52555 n .34401 .11.3.14 .08180 .30438
4 -x3 .00379 .951 .34435 .11857 .00023 .0109

x2. 141205 .115 434513 .11912 .00054 .01083
xi 2.16994 .141 .45039 .12278 .00366 .65018

S VA2 1.04875 .305 .35039 .12279 .00000' .0090
VA1 4.09717 .044 15848 .12800 .00602 07133
W13 .00753 84'31 .35849 .12880 .00001 .4.02,23

143 .06230 .903 .35994 .12989 .00079 .4.01329

1A2 , .24042 .590 .36006 .12964 .00005 .01193
141 1.31095 053 36312 .13186 .00221 .4.04672

6 MA1 .11708 .711 .36554 .13340 .00154 - .06016

MA3 .80120 .439 .36533 .13347 .00007 - .01403

642 2.44580' .104 .37139 .13793 .00446 .0601
7 642

PAI
.73080
.29330

.193

.989
.37351
.37379

.13951

.13972
00,15800,158
.00020 .04810

P93 35455 452 .3745; .14012 .00060 - .02216
m xixi .06698 46 .37540 ,..14019 .00067

8143 .01457 .904 .37565 .14112 44.01074

VIA2 . .09744 .755 .37587 .14120
00013
.0001? .01414

v811 .00121 .972 .37597 .14136 . _..00008._ '00531
_ W462 1.24641 264 .37643 .14208 .00072 -.00468

vMX3 .62143 .431 .37812 .14297 .00090 .02102
IMA1

''' .01564 .901 378b2 .14335 .00038 ...m.05 ?06

IMX3 .04030 .941 .37877 14347 .00012 .01155
18412 1.99069 159 '4138324 .14687 .00340 4..00527

10 VPX2 .00706 .38331 .14692._ .02882_
VP/11

_
.20151

---- , .33
.654 38340 .14707

.0045
.00015

.

.4.02470
VPX3 .62786 .429 .38523 .148,0 .00131 - .04234

IPX1 t .82281 .168 .38851 41504 .00254 '4.0'3112
PX3 .21424 .644 30889 .15124 .00030 - .02020
/PX2 t 04408 .434 .381194 .15131 .00008 .03265

11 PMA1 .90361 8142 .38920 15154 .00023 .4.03880
PMX2 .01903 .754 09051 .15250 .00096 .01219
POK3 1.14944 .284 439305 14449 .00198 .4.02158

12 vI911 .60226 434 3931. .15456 .00007 .-0(021
VI0A3 .43930 .804 .39567 .15655 .00199 ...02235'

V1MA2 .23945 .424 .39619 .15647 .00041 e.00214
11 VIPA1 1.18979 .28P 4618 15711 .00014 0.0,013

VIPX2 .23371 .620 .39662 15731 .00019 .03332
vIPX3 3.43464 .464 40405 .16325 .00594 .4.02665

14 OM' .242$10 .40A 40574 .16423 .00138 .4.06166

vPMX2
094/0

- /PMX1

.01973

.22494

.02444

0166
.636

f .974

.4064

.40716

.40721

.16504

.16574

.16532

,.00041
.00074
_0004

.01231
..03750
.4264

VoRK2 2.44806 .090 .41291 .17042 00460 .01249
1P443 .P4108 .624 61332 .17043 .00042 -.02085

.15 VIRMR1 .19096 .662 .41400 171,0 .00056 4406428,
VIP942 .06652 .769 .41407 17146 .00006 .01042
0IP011 ,.., 1-1

t) 40 kJ

.07124
,

.79n .41422 17154 .00012
. .

e.03348
.

OVEA4'_L F SIGNIFICANCE

.776

.000--1:iiiiii

6.00525

.5.11006 .000.

4,36396 .000

3.7700 ___11000 _

_3.06813 ._. .000 _

2458519._

2.41969 00

226691 _ 00 -

2.19600 .000

2.00945 .000

CA

1.80195 .000

E2



1$41*************4 ** f t 4
citExtIRE /*Rune.. rt1

5185 VARIAILE
07E4fe RtocvEc

1 VVCV
VVCI

2 POPSICT
3 PPal
-4 X3

X2
X1

5 VX2
VXI
VX3
133
112
1V1

6 VX1
MX3
MV2

7 PX2
PV1
PV3

8 V1X1
viii
VIX2
yogi
vox2
VI041

10111

1MX3
IMX2

10 VFX2
.VPX1
VPX3

1PX3
1CX2

11 P'41
'pat
PM*?

12 VIdX1
VI*X3
VIVX2

13 VIPX1
V I?*2
V1PX3

14 VFMX1
VPvX2 622
VPMXI

100X2
USX;

IS VIPP41
VIPMX2
VIPMX2

E 5 5 1 . 4 ******* -*

F 10
ENTER OR kEMGVE

SMARJ Y T A

SIUMFICAME MULTIPLE R

ht. F

R SQUARE VSOU4RE
CrolGE

51*PLE R OVERALL F SIGNIFICAKE

41.

.CCC3f. .985 .00364 .0000i .00001 .00364 .05645 .945

.1ce59 .744 .01538 .00024 .00322 .01536
'11.21634 .001 .15290 .02338 .02314 - .14926 3.74E23 .010
30.76042 .29780 .08283 .05945 .26367 10.72456 .000

.94661 .333 .24663 .08799 .00516 - .C7420 6.63631 .000

.04792 .827 .29665 .08800 .00001 - .C4337

.63C37 .363 .29933 .08460 .00160 -.07244

.3f.622 .549 .30007 .04004 .00044 -.04511 3.61218 .000

.21014 .647 .30075 .09045 .00041 - .08034
1.1C121 .295 .30431 .09261 .00216 -.C3766
.04615 .333 .30432 .09261 .00000 ''.07619

2.7CE64 .103 432039 .09634 .00373 - .04999
1.06285 .303 .31369 ' .09840 .00206 -.0722'5
1.51686 .208 .31568 039465 :00125 - .06438 3.31522 .000
.0(001 /.998 .31634 .10007 .00042 - .06629

1.4613e ,.227 .32078 10290 .00283' - .04719
.02053 .886 .32212 .10376 .00086 - .02755 3.00960 odo

3.43101 .065 .33205 .11025 .00649 -.04349
.16C7C .689 .33251 .11057 .00031 -.07216

1.31276 .252 .33696 .11355 .0C248 - .08292 2.67764 .000
.31857 .573 .33760 .11398 .00043 - .08869
.11278 .731 .33793 .11419 .00022 - .05314
.7526C .33832 .11446 .00026 - .07626 2.43987 .000

4.75CC5 .029 .34881 .12171 .00725 - .05945
.17215 .380 .35165 .12366 .00195 - .08298

,---401644 .812 .35281 .12448 .00082 - .06317
2.862C3 .091 .36240 .13133 .00686 - .06428
.11317 .737 .36270 .13155 .00022 - .05485

-4.4055C .036 .37821 .14304 .01149 - .01793 2.33202 .000
1.65230 .199 .38562 .14870 .00566 - .05660
.1C192 .750 .38591 .14893 .00022 +.07978

.26381

.CCCC3
.594
.496

.38595

.38623
.14896
.14917

.00003

.00022
- .04731
'.07209

1.07826 .30J .38888 .15123 .00206 - .03118
.24314 .622 .38893 .15127 .00004 - .03796 2.19748 .000
.63577 .426 .38917 .15145 .00018 - .03710

2.C5C23 :153 .39417 .15537 .00392 - .06274
.02643 .870 .39514 .15613 .00076 - .07761 2.05249 .000
.CCC75 .576 .39564 .15653 .00039 ....04075
.51106 .66 .39693 .15755 .00102 - .06610
.02556 .851 .39693 .15755 .00000 - .06093 1.96420 .000

1.3(644 .253 .39815 .15853 .00097 - .02120
1.5536C .163 .40284 .16224 .00375 -.01844
.75210
.71144

.386

.399
.40285
.40617

.16229V

.16441
.00001
.00268

- .05476
- .03589

1.79659 .001

1.21163 .272 4441003 .16812 .00315 - .07540
.C5751
'.6C81C

.755
'.436

.41013
141106

.16820

.16897
.00008
.00077

- .04103
- .03931

.5CC32 .480 .41223 .16994 .00097 - .06009
...02601
.01845
.01825

.865

.809

.$93

.41223

.41248

.41253

.16994

.17014

.17018

.00000

.00021

.00004

- .05814
- .03821
+.07208

1.68400 .003



_IF 4 t t t 0 * * * * * * * 4 1 , 4 4 , : 1 j 1 1 1 k l._ . . i i : . P P 0 : C , t a * 0 0 * t 4 * 4. '
CEPERCERT VafIRELE.. *SCSTCT

Is ii
6 S u PI keit:4' TABLE

. :... : 1...-:SUP vARIAEIE F it S1GNIFICA&CE: LIZj F R AI SQUARE R SCUARE SIMPLE R OVERALL F SIGNIFICANCEERTEREC REMCVEC ENTER OR REMOVE . . i
.

CHANGE

1. vVCV CCC43 .984 .01212 opols .00315 .01212 .51061 .600WI .54352 .332 .04406 10194 .00179 .04405
2 rx/STC7 16.344E4 .330 .17925 .03213 .03019 -.16996 .75E57 .0013 PM 125.CC85C 0 :46781 .21885 .18671 .45540 36.63036 .0004 X3 .5582e .455 .46805 .21907 .00023 .01144 20.94803 .000XS .05176 .820 .46838 -_, .21938 .00030 -.00884

111 .3411C .532 .46900 .21946 .00059 -.02221S Vx2 3.51572 .059 .47184 .22264 .00267 .01165 12.33560 .000Vx1 .753E4 .373 .47276 .22351 .00087 -.00417VX3 2.245EC .135 .41467 .22531 .00181 .011171x3 2.322e! .128 .47495 .22558 .00026 .013731x2 7.92C63 .005 .4800 .23756 .01199 -.021031x1 .15577 .690 .48765 .23780 .00024 -.024686 rx1 .CC143 .970 .48768 .23783 .00003 -.03032 9.97623 .000rx3 .CC1C2 .975 s.48769, .23784 .00001 .01657. rx2 .112e2 .730 .40707 .23802 .00018 -.015147 Fx2 .61131 .435 .49328 .24333 .00531 .01717 8.72953 .000rxI .25394 .588 .44464- .24472 .00139 .003"P13 .55671 .328 .49612 .24614 .00142 .022688 VIII .65381 .405 .49708 .24708 .00095 -.00755 7.53960 .000VIx3 .01839 .892 .49717 24718 .00009 .01201V1x2 .04134 .828 .49724 .24725 .00007 .00195V VPx1 1.CC573 .315 .49924 .24924 .00200 -.01285 6.19342 .000Vrx2 .02232 .857 .49971 .24971 .00047 .00725Vrx3 .17121k .679 .50012 .25012 .00041 .., .01423
11exl 4.6CC21 .032 .50756 .25762- .00750 . -.037921PX3 ...

.CC553 .921 .50764 .25770 .00008 .01599_... ..... 1PX2 .13555 .712 .50784 .25790 .00020 :-.0278710 VPX2 .67C22 .413 .50937 .25946 .00156 .03269 5.32641. .0001/Fx1 2.92331 .088 .51154 .26167 .00221 .C101010113 1.s57Ce .158 .51587 .26612 .00445 .02333...

15x2 r .CICS3 .917 .51652 .26680 .00068 .000211Px3 1.1E2C3 4 .28% .51831 .26864. .00184 .0266715x2 .CC747 .931 .51832 .26865 .00001 .00912
11 Frxi 3.02154 .082 .51971 .27010 .00144 -.00711 3.0E617 .000Pon .1e148* .670 .51992 .27032 .00022 .01124Prx3 4.e6c14 .028 .52677 .27749 .00717 .02958
12 810x1 .65C4f. .420 .52685 .27757 .00008 -.02055 4.82096 .000V10x3 1.76223 .185 .53205 .28308 .00551 .01120

V1rx2 .2421f .531 .53259 .28365 .00058 -.00443
13 VIPAI 1.1Ct34 .293 .53375 .28489 .30123 .00617 4.50153 .000V1PX2 .41E73 .489, .53448 .28567 .00079 .02547

V1Px3 .CC545 .941 .53449 .28568 .00001 .02556
14- 11F11x1

4,:.
2.91743 .088 .153537 .28984 .00416 -.00272 4.07352 .000

VFP12 1.75521 .186 .53929 .29084 .00100 .02838
P. VPPx3 .8356C .361 .54042 .29206 .00122 .01645

11110x1 1.51306 .219 .54208 .29385 .00179 -.01608
001PPX2 t,' .42628 .514 .54279 .29463 .00078 .00096

15rx1 .03217- .858 .54284 .79467 .00003 .03127
t

V1OPX2 1.40130 .237 .54463 .29662 .00105 .011165

IS VIPPX1 .45968 .498 .54366 .24597 .00090 - .(1100 3.87515 00
V1PP112 .64055 .360 .54577 .29766 .00124 .02464624



1. 40 LT 1 ? FSsirt.
-211P100131' Villalt E.. CSR

-S.ImmAi8V 1ABLE

STEP V01716812 2 TO SluNIFICANCE YuCTIPLE R P SCOARE R'')U4PE SVOLE 4 CYFRALL F SIG41F1CAACE.

WEI= R1wCvEC ENTER' CK RER0'46 Ow:CF.

I VVCV .1E101 .688 .03089 .00095 .00055 .01049 .745

.23309,,-f---- VVC1 .630 .0.010 .00155 .:3162 .031P,
.25524

2 POSICT S.U3417 .15870 .02511 .17141 .1554; ?.2l29

.560

:;70;3PPP/ 73.55E36
.J0J
..v0 .43142 .18E12 .16091 .42114

4 X2 .15326 .43144 .15614 .00302 .01555
?1.7,17,:4

0

xi .25718 .612 .43144 .18614 .01000 .02174

12.4117.4110 °_

X? 2.05832 .452 .43665 .19066 .0C451 .05853
5 vxi .19212 .00146, .0379t 7.35153 0

VX1
2.02357
.35527

.106
.43886 .19263 .13048 .03°57
.43831

VX3
.549

'XI
1.548/3

.48i
.44049 .19403 .00143 .051E2
.44094 .19442 .00040 .01781

.214
.CCC52

1X2 E.26218 .010 .45314 .20534 .01051 .00471

IX3 1.84314 .45755 ,.20035 .00411 : .nsoi,

6 taxi

.175'

PX2
.0E554'
.0007C .45771 .2095.) .00001 .0E265

5.0/118.792 .457/0 .20949 .00014 .01557 .500

Px2 .CC626
iciJ!7 ix?

-Pill

.14E27

.01536 .9:11

.45772 .20551

.45813 .20983 .00037 .02934

.45913 .21080 .00091 .03720

.10001 .01257
5.11577 0

Px3 1.51531 .219 .46275 .21413 .00334 .C6177

38 vlxi .02461 .375 .46280 .21418 :%CM .C3905 4.3scr3 .000

V1X2 .515 .46302 .21439 .027C=

V1x3 .15113 .698 .46339 .21473 .00034 .0547?
.C1131

.000

.22285 .637
9 V:,X1 .5E3SC .443 .46435 .21562 .00399 .03212 3.50350

9PX2 .46446 .215/2 .00010 .03222

VPX3 .13154 .117 .46474 .21598 .00072 .05407

1,01 .212 .46806 .21908 .00314 .00740

IPX2r
1.5E205
.23806 .561 .46894 .21990 .00082 .0v23:

I4X3 _. _ _.,___ .CCC7C
.353
.979 .46894 .21990 .00000 .058E4

10 VFX? .8E663 .47243 .22319 .00329 .04463 3.08301 .003

VPX1 3.803,30 .052
.201

.47976 .22730' .00411 .04065

VFX3 .48150 .23184 .00455 .06025

1FX1
1.62811

.48375 -.23401'. .00217 .03334

IPX2
.350SE .554

.861

.693
.48399 .23425 .00023 .01867 ,

IFX3
.02256

.48435 .23460 .00035 .064E1

I PPX1
.18557

.073 .48542 .23563 .00103 .02571 0

PPX2
3.22533 2.04356

1--1 1.22706VIPXI
PPX3 4.62455 .031 .49935 .24936 .01033 .06561

.CEE62 .796 .48890 .23903 .00340 .02525

.269 .49935 .24936 .00000 :02801 2.01722 ;000

\ V1PX2 .5023C .25744 .00808 .01927

\V1 *3 3.11533
.37900- .539

-.

.07d .51407 .24427 .0048Z .05010

13 1:X1
V PX2

1.16764 .076
.3,4

A51906 .26942 .00515 .03922 2.882SC 4

VI X3 C.91cL .45340
.04353

.52084'

.51989
.27124 .00C99 .06335.50/
.27029 .03056 .03673

P: VPMX2 t7...t.--
_

VPDX3\

.114

.134
.52926 .25012 .00120 .06119

IA
vP8Xi, 2.2115C

1.81510
.52813 .27892 .00743 .62341

2.63884, 0 6 2 7 ._.. .52135 .27141 .10021 .13512

1PPX2
.1E567
.44227 .53054 .20148 .00136 .01319 C:sIt76

4,

IPPX1 .66854 .4j4 .53106 .28202 .00055 .01964
1PPX3 .61459

.441I

.53233 .28337 .00135 .06187
IS VIPMXI .61655 2.45202

V1PPX2 .740
.53291 .28399 .poot2 .02326 .100

VIPPIT3
.11056 .53293 '.28402 A.00002 .02924
.75136 .364 .53450 .28569 .00167 .05978 -,



* *

011114461-14111441.. 'AC111166

STEP VARIABLE F IC.
EAMIC RIPCVEC ENTER LA RE../41 CHANGE

YJI...e 04. E. r.

SUMMARY T ABLE

41.

SIGNIFICANCE PLIJIPLE R R SCUARE R SWARE SIMPLER OVERALL F S1CMIFICOCE

1 VVCV
VVC1

2 PAPSTC1
3 PPM
4 X2

XI

X3
VX2
VII
VX3
IX'
112
1X3

6 P11
PX3
PX2

7 FX2
PX-1

PX3
8 jiff*,

V1X2
V143
VPX1
VPX2
VPX3
1PX1
110712

1PX1
10 VPX2

VOX3
1PX1
4FX2
1PX3

11 PP41
PPX2
PPX3

12 91MX1
9114X2

13 V1P41
VIPX2
VIPXI

14 VPMX2
VPPX1
VPPX3
1,1,642

1PPX1
/FPX3

t 9114141
vpooca
vils 623

,

. .71146
11.22W
6C.57855

1.64624
.02C.:45.

C3151

-:/1Z74:

.0523E

.543iC
1.0E432,
.23715
. 1C2SS

1.3C741

.02311

.275E7

1.24655
1.2i277
.CC3CC

1.0266C
.5C535
.cco99
.2E043

1.C15t7
3.14555
. CCC04t

. 27822

3.02516
.00012

1.3822*
32882
.1!:C1
.67E16
.81790
.31465

. 01231-5,

.08556

1.21632

.%ccea

5.25611
. 11930

.13455,
1.CC063
3.56451
.C4C64
. 02C04

1.315C3
. 00450

1.24054
1.58088'
2.31781

.45 .01394 .00019 .10019 .01394 .43016.- .651

.375 .04791 .00230 .11210 .04745

.304 / .15439 .02384 .32154 - .14420 3.03E07 .029
.40067 .16054 .136-70 .39233 17.78551 -- ' .000

::::
.40216 .16173 .00119 .4.02071 0

::::
.681

.40811 .16655 .0.1482- ....05098

.40820 .16661 .00007 ..04339

10.51974

.378
.41009 .16815 .n:155 - .00020 6.04314 0

.760
.41623 .17124 .01507 - .02113

.332
.41630 .17333 .0:006 .02434
.41657 .17353 .11323 - .05179 ,

.303 .42116 .17738 ones .02544

.627 .42180 .17792 .00054 :004620

.749 .42263 .17861 '600070 *007516 . 5.07233, .000

.254 .42818

.600
4047) -.05446

.42891 :18396 .01:063 - .03645
4.35941.879 .42916 .18418 .03021 -.00342 0

.265 .43061 .18543 .03125 - .05446

.260 .43396 18832 .C1249 - .04197

.756

:34
.933

.44357 .19675 .03115 .02063

.44443

.44227 .19560 .00499 .00179

.19751 .00076 .....03815

3.94135

3.30338

.000.43660 .19062 .J3230 ...01077

.597 .44694 v19975 .00224 - .01156

.314 .44981 .20233 .00297 - .03977
.45746 .20927 .0694 - .07418

::::
0:

.45755 .20935 .00007 - .04247
4..4

.156

.991 .45835 . .21009 .00011 .0168L
.46190 .21336 .00327 .02836

-.59.8 5823 .20998 .00063 - .06406
2.84083

--
.000

.46729 .21836 .00500 .....01,114 ,
0

. /567. 4. .46761 .21866 .00330 .- .04976
.694
::::

.46763 .21868 .00002 - .00615

.46928 .22023 .00155 - .03919

.46934 .22028 .00005 - .07010 2.81223 ' 0
.:479: .46992 .22082 .00054 .01868 e

.774

.013 .48462 .23485 .01403 - .05236
.48533 .23555 .00069 .03218 i 2.60530

'-

....H. 0 .4.11,45 .51./.4 A.41.1 ...,..43flim

.000
.48539 .23560 .00005 - .01112 1 '

.022

.730
.49910 .24910 .01237 ...C2193 2.50465 .000

.714
.49993 .24993 .00083 .01933

.$18
.50024 .25024 .00030 - .01189

.50137 .25137 .00113 .00580 2.44212 .000
.046 .50681 .25685 .00548 - .04611
.840 .50718 .25724. .00038 - .02970
.888 .50836 .25843 .00119 .02198

.51758, .26789 .00946 - .07037
:IX .51760 .26791 .00001 - .05170
.266 .51785 .26817 .00026 - .04282 2.42350 .000
.210 .51790 .26822 .00005 .00725
.022 .52918 .280 .01182 - .02553

to0'

629



*so,. c * * * 11.* s 04,1 * * *
AISPEACEAT VAPIA111.1.. TPANST

STEP VARIA8rE TO
EATEREC RIMCVED ENTER OR REMOVE

MULIIPLE AE3 r%ES1:::

SUMMARY TABLE
SIGNIFICANCE MULTIPLE R P SOUAP.F," SQ0A0c

CHANGE
SIHPIc r

* *

[WM.!. r

1 VVCV 1.15743 .283 .04270 .00182 .00482 -.04270 .7607C
VVCI .73097 .393 .05924 .00351 .10149 .121,98

2 MIRSTCT 21.25885 .000 .22439 .05035 .n:. g4 -.20213 7.61720
3 PPRT 72.07E11 .030 .4337, .18814 .40175 24.91150
4 X3 .02891 .865 .43439 .191141 -.02948 14.40626

X2 .93385 .334 .43700 :19197 .':??7 -.04837
XI .04306 .336 .43709 .19105 .0009 -.03899
VX2 1.5226S .218 .43979 .19341 .00736 -.07503 8.04711
VX3 .95248 :130 .44011 .19370 .00029 -.00994
VX1 2.41705 .121 .44394- .19708 .00338 -.04497
1X3 .36152 .548 -.44426 .19736 .,11378 -.02914
1X1 .82291 .365 .44579 .1997; .00136 -.04125
2X2 .1058S .745 .44602 .19893 .0,1020 -.04606

4 MX1 .88525 .347 .46735 .20013 ..00119 -.05349 6.69169
M13 .65230 .406 .44874 .20137 .00129 -.01939
112 .04982 .823 ?.44885-- .20146 .30310 -.04899

7 PX2 1.36353 .244 p5246 '.20472' .00325 -.05933 5.68561
P11 .84484 .359 .45355 .20571 .00099 -.03738

) PX3 .43451 .510 .45447 .20654 .00083 -.05672
I VIX1 .00324 '.955 .45575 .20771 .03116 -.04652 5.07413

VIX3 1.78123 .185 .45992 .21153 .00382 -.01317
V112 .00007 .993 .45992' .2)153 .00900 - .02537

9 VkX1 .cc000 1.000 .45997 .21158 .00005 -.063,40 3 96247
VMX2 .15852 .690 .45998 .211-58 .00000 -.03057
1110X3 .48760 5 .46086 .21239 .00082 , -.00504
10713 .2C825 .648 ..46099 .21251 .00011 -.02079
IMX1 .38135 .548 .46109 .21260 ..01009 .056 72
IMX2 1.045E3 .307 .,6327 .21462 .00202 - .04722

10 VPX2 2.05242 _.153 .46691 .21801 .00339 -.02909
VPX1 1.87446 .196 .470102 .22092 .00291 -.04792
VPX3 .0E7SS .767 .47003 .22093 .00001 -.03720

________IPX1 .43185 ._ .511 .47045 .22132 .00039 -.04181
14X3 .8E464 .4ni .47178 .72758 .00175 .4.05862
YFX2 .04111 .839 .47187 .22266 '.00008 -.05684

1k,....PMX1 .._ . 1.18210 _ .244 ._ .47340 .22411 .03145 -.04432
PMX2 .35040 .532 .47472 .22536 .00125 -.06095

_3.12552

P$13 .11338 .737 .47496 .22558' .00022 -.04719
12 VIMX3

-- VIMX1
1.55555
V.05651

.212

.152
.7539
.48474

.22600

.23441?
.00041
.10498

L.00853
-.06474

1.0756E

VIMXZ
13_ VIPX1

VIP*?
VIPX3

1.53556
.47940

4.13002
1.65413

.216

.489

.043

.199

.48780

.48826

.49399

.49720

.23794

.23840

.74407

.24721

.00297

.00046

.10562

.10118

- .07983
-.04972
-.02792
-.13973

2.906n4

14 V ?VX2 I-1 r 1.58081 .209 .50604 .25609 .00987 -.03699 r 2.94281
VPMX 1 10 J U , .40693

:534
.51038 .2604q .30441 -.06174

VPMX3 1.76086 .185 .51455 .26477 .00429 -.03509
A. _IMX2 4.00444 .046 .51982 .27022 .00546 - .05695

\ IPMX1

\ 'mil
.5C192
.24105'

.479

.624.
.521'o
.52200

.27203

.27248
.00181
.00046

-.044187

-.04936
.1S _ V IPMX2 16018 .689 .52232 .27281 .00033 -.03419 2.76464

VIPMX1 .36162 .S48 .52251 .27302 .00021 - .06389
VIPMX3 .36833 .544 .42318 .27372 .00070 *.03783

AOake-

SIGMFTCWE
.&L

t

.469

.000

.001
0

0

.00n.

.030

.p00

0

.000

9

.000



Yd. ,4 al, -,4
DERE4OET 44148LE.. NTQANST

S .1 m M

57E0 44RIMILE
' i TO SIGNIFICANCE

.ENTEREq" REMOVED E9TER OR REMOVE

1 %70,1
V:4

.12426
. .6;974

7 MARS7OT
3 2eRT

14.91456
77.52274

I x2
;I xi 1.412A3

'i
.44683

,, x3 .1/1503
S v42 .40787

i vA3 .01695
V41 3.95398
143 .72977
1A1 2.44011
I112 1.91041

4 MA1 1.09243
MA3N.::::A2 2

7 0A2
241 7.1112:1
843 1.21164
41A1 1.55545
043
V1A2

.09193

.27848
9 VnAl .54021

vNA2 . 15450
v'iA3
/NA3

.04655
_01283

/MAI
/MA2

.75913

. 44538
10 vex2 _ .07180

vFX1

'Nil

.11714
VP,3 .02237

,72074
T43 .00000
/P42 .A5042
emAl

pmx3
71.3703:p$X2

. 03455
Si 4:414.3 .67207

v:mxl
v:mx2 .1X0g

11 v1F41
v11242

.31840

.37::T1Px3 4
14 vPmx2 .4135$

/Pmx2 :7:::

vFmx1 01611
vFmx3

1.
/Fmxt

) 2.53925
/Fmx3

13 v4FmX2
.03651
.00002-

IP441 .01766
V1PMA3 ,

.e' 632
.00146

P E r

A 2 Y T ABLE
MULTIPLE q R SQUARE 14 Clut4E SimPLE 4 01/cm4LL F SIGNIFICACE

C4vGE

.714 .00799

.435 .03834

.004 .21304
O .43/0?

.22 .44667

.494 44811

.746 4834

. 341 .44849

.494 .44940

.047 .45459

.391 .45631.
. 118 .45902
. 161 .46296
.247 .46298
.57!9 .46633
.084 6472?4
.905 47443
.007 .4136?4

.272 .4885b

.211 .49142

. 965 .4914b

. 599 .49194

.455 49242
. 694 49315
.924 .49320
.669, .49327
. 591 49468
'.505 .49552
.789 .49575
.711 49721
.991 .49724
.394 .49777
.494 .49793
.357 .49952
. 911 .49958
. 252 .50210
.453 .50217

.41

.169
3

.

.00358
00455

.95 .00521

.561 .50541

.474 50545

.0242 51424

.521 .51618

.937 .51731

.155 51413

.719 5201b

.112 .52505

.949 .52512

.09' .b2514
52520

olah\ .52520

.000":1 03^06 -.40/99 .31810 121

.00147 .q0:41 .43423 4

.04547 .04400 -'.20187 4.85993 .000
19049 .14551 .41046 20.41699 .000
.19952 .4053 ..010046 16.39656 .000
.20096 .1C134 -.00931
.20105 .00020 -.07149
.20114
.20208 .0o:94

-.60492
..6bosp

8.85569 .000

.20605

.204e2
.0c45m
.110156

-.11019
-.00395

.21010 .00248 .0,9191

.21433 .00363 -.09782

.21435 .00002 .04036 .7..51633 .000
21747 .0f311
.22301 .00.555
.22510 .00209, -.06316 6854T4 .000
.23644 .01139
23869 .00222 - .00335
.24149 .00279 - .11359 2.99474 .000
.24153 00004 .'.00952
.24204 .00'51 .,06/69
.24248 .00!44 - .11558 4.73057 .000
.24319 .00072 ..10.108

.24325 .00,105 -.00162
24331 .00006 ...0d659

.24411 .00140 -.04471

.24554 .00f43 .11218
24577- .00024 -.06290 .000
.24722 .00:45 ..07030
.24725 .00/.13 -.00413
.24718 .001:53 .05064
24743 -.00015 - .08140 A
.24952 .0009 - .06059
.24958 .0066 _-.06442 4.62724 .000 __-
.25211 .00252 -.08186
25217 .00006 -.08643

. 25359

.25457

. 25523

.25544
25548
24444
2664%
.26701
26949
27051
. 27568
.27575
27577

;27583
27563

.00142

.00099

.10066

.00020

.1'0004

.00896

.00200

.00117

.00188

.00108

.00511

.00007

.00002

.00006

.00000

3.38417 .000
..12081

47
J.27740 .000

5382
..08020

-.01444 4.99926 .000
-.08673
.4,437
-.08044
0)4482
-.00054

-0409002 2.8054.5 .000
49)61
"00652
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It i 6 II iss i s s s s s 4; muL T I P_LE kEt.PEs
CiPENT VA81#8Lf.. CFCM1L0

,
. SJMMARY TABLr

STEP VAPIA81.1 F TO SIGN1FIC4NICE
''- E6TEREO REPCVE0 ENTER OR QEMOvE 40

X1 .CC0.18 .984

16V01 4.37363
1 VV0V .04533 .932

2 mRPSTCT 9.62448
.037
.002

4r3 1.33535

3 PPRT 34.57895 .000
4 x2 1.4739/ .225

VX3 .57 5

.176
S VX2

VX1' 1.56 97
,

.211
IX3 .55064S064

.9981X1 .CCCOI
Ix2 :C5780 .813

6 Px1 1.9C625 .168
PX3 .35960
mx, 2.17783

.528

.141
7 PX2 .4C372

PX1 3.8C754
.526
.352

_

PX3 .C3118 .860
8 VIX1 .17878 .673

VIX3 .67840 . .:.11

4 vpx 1 .25651 .613
VI%2 2.22181 .137

VPX2 1.10559 .293
VPX3 .07913
IMX3 3.16631

.779

.076
IPX1 4.61546
IMX2 1.41104

.032

.236
10 VPX2 .05990

11

VPX1 1.62636 '.203
::::VPX3 .77C93

1Px1 .02853
IPX3

__
1.37590 ::::

OmX2
PMX1
IPX2

) ,

.05373

.04792
-iiii.45307

.67032PMX3

12 V14111
.--...

.08116 .776

.413

V1MX3 1.74474
V144112

.187

13 vIPx1
1.04329

.736
V1PX2 :!!:(11

VPMX3
VP4X2 .24634

.10554 .745

VTD13 .14188 :LI;
14 v04111 .46680 .495;

/PM*, 6.CC181 .015

.620

15

1P9X1 63,1, .35398 .552
IPMX3 3.11525 .078
V1Pm42 .05913' .753
V111441 .03562
V1Pm43 .17321 ::::

MULTIPLE R

.01677

.10312

.18153

.32736

.34542

.34612

.35170

.35396

.36098

.36585:

.36761

.36763

.36780

.36820
'.37290

i .37904
.37988
.39292
.39301-
.39552
.39580
.40167
.40195
.40403
.40403
.41409
.42346
.42692
.42699
.43016
.43129
.431.45
.43471
.43484
.43487
.43534
.43696

.43789

.44016

.44266

.44283
44364
.4j398
.44831
.44833
.44936
.45573
.46044
.46752
.46831
.46832
.46871.

P SQUARE

.00029

.01063

.03795

.10717

.11c3?

.11991

.1230,4

.12529

.13031

.12385

.13514

.13515
.138,78
.13557
.13905
.14367
.14431
.15439
.15445
.15644
.15666
.16134
.16156,
.16324
.16324
.16329
.17°32
.18726
.18232
.1853
.18601
.19615
.18897
:18908
.18911
.18952
.19093

.19175

.19374

.19595

.19610

.19681

.19712

.20099

.20103

.20102

.20769

.21201

.2185A

.21932

.21932

.21969

P SQUARE
CHANG0

.00028

.01015

.1771?

.07621

.01215

.0104g

.00189

.00160

.01507

.00354

.03129

.01007

.00012

.00029

.00349

.00462
', .00064

.01008
I.0 ^007
.00199
.01122

\.00022
.00168
00000
00004
01603
.0294
.00005
.00272
.00098
.00014
.00282
.00011
.00003

---00040
.00147

.00082

.00199

.03221

.00015

.00072

.01033

.00387

.00001

.00092

.00577

.00432

.00657

.00074

.00000

.00037

SIMPLE R

.01677

.10260
-.14196
.30401

-.10845
-.07957
-.11857
-.08522
-.12309
-.09209
-.12406
-.08641
-.1049?
-.07256
-.11540
-.11719
-.08951
-.05194
-.11063
-.09974
-.12696
- .09727
-.09126
-.09508
-.12431
-.12106
-.08429
-.11731
-.06482-
-.07030
-.11186
-.06163
-.11653
-.08855
-.04702
-.09894'
-.11166

,-.10370
-.12879
-.10013
-.07905
-.06905
-.11659
-.07292
-.07519
-.11859
-.10039
7..06102

'::V17082/

-.08631
-.12399.

OVERALL F

2:7:02
12.48319
8.32796

4.89779

4.23629

3.85525

3.4803043 .

3.12040

2.64718

2.44284

2.31518

2.15251

7.11785

1.99247

SISMTPICANCE

:0730

.011

0

.203

0

.331

.301

.000

.000

.000

::::

.000 .

CII
Cll
W6 3 5
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WIXOM VARIA011. 4tEpoIL0

STEP vA0868Lf

L I I r a.

_SUMMARY I A 5 L,F

F TO StrAIFICANCE
M(9E0 REPCVE0 ENTER 1M REMOVE

1 VVCv

2 mosTOT
3 Pm
4 x2

X1
83

S Vx2
Vx3
VX1-
tx?
IX1

Ix2
6 mitt

MX3
p*2

7 PX2
Px1
Px3

8 V1x1
V1x3
Vtx2

9 vmx3
Vmx2
vt*L.
Imt3
IPX1
tPX2
vPx2
vP81
V0x3
I0x1
IP*3
IPX2

11 OPX1
--PmX2
PPX3

12 VI4X1
VImx1
VImX2

13 VI0X1
VIOX2
VI0X3

14 VPmX1
VPmx2
VP4x3
IPMX?
imX1
1014X3.

15 VIPMX2
VIPMX1
VIPMX3 636

2.55854
5.74056
16.2937e
27.7t425
1.13414
.00415
. 70850
.02644
.00103
.01433
.01252
. 03652

.20089
1.13864
.07583
.03230
.43440

1.83491
.03459
eCC005
.02368

1.(aoss
1.2[931
.00872
.65406
.14855
.24964

2.47179
.06921

1.92873
.63264
3.1E766
2.27797
.57679
.41675
.4E700
.CCCO7
.0E472
.42050
.0E707
.09310

1.50488
.94945
4.00327
. 01406
.81901

2.03591
1.16195
.0C144
.07277

2.05662
1.44S$6

.110

.01f

.000
0

.288

.949

.400

.871

.974

.905

.911

.849

.654

.287

.783

.857

.510

.176

.853
..994
.878
.196
.272
,.926

.419

.700

.618

.117

.793

.427

.075

.13A.

.448

.519
------.486

e .993
.771
.S1,7
.796
.760
.221
.330
.046
.906
.366
.154
.282
.965
.787
.152
.197

r-

MULTIPLE R 0 SCuARE P Sourof SIMPLE P
CHANGE

nV44LL F SIG1FICANCE

44A34 .M? 34 .00734 -.04414 1.37477 .035

.1251) .01565 .01331 .04442

.2231f. .057)6 .03641 -.160f-1 7-04144 .000

.33212 .11442 .05837 .28129 13.12645 .001

.33431 .11157 .00114 - .03')29 7.67128 .001

.33446 .11147 .00030 -.00157

.33664 .11336 .00150 .01547

.33634 .11310 .00010 -.02448 4.10417 .000

.33646 .11344 .00032 .01733

.33703 ._1357 .00009 .00241

.33724 .11373 .00016 .01356

.33724 .11373 .00000 -.00616

.33788 .114,16 .00343 -.03477

.34338 .11791 .00375 .00930 1,43954 .000

.34354 .11602 .00011 .02979
-

.34364 .11909 .00007 -.01862

.34371 .11814 .00005 -.02960 3.02051 .000

.35176 .12324 .00511 .00940

.35116 .17337 .10007 .00957

.35244) .12454 .00122 -.00405 2.71116 .000

.35323 .12475 .00021 .01269
_

.35828 .12137 .03362 -.03465
.0604)
.36093

43027
.13031

.00140 .02360

.00004 1-.02474
2.34985 .000

,

.36321 .13192 .10151 .01076

06483 .13310 .00114 .02559

06911 .13624 i00314---.00227-----
.37624 .14156 .00532 -.07777
.37860 .14333 .00178 -.03262 2.28148 .000
.38700 -.14477 .00643 --.00330

,.39191 .15359 .00382 .01485

.39971 .15977 .0061P -.00225

.40450 .16362 .00385 -00884

.40601 .16494 .00123 - .03837

.40935 .16757 .00272 .01734 2.14036 .000

.41084 .16879 ---.00122

.41084 .16879 m000 .020T4

.411/1 .16901 .00023 .01700 1.09077 :801

.41292 .17051 .00149 .00093

.41310 .17065 .60014 - .03816

.41365 .17111 .00046 - .00840 1.84665 .001

.41610 .17314 .00203 -.04467

.41415 .17518 .00204 .01183

.42896 .18401 .00883 .00766 1.43261 .001

.43018 .18506 .00105 -43132

.43172 .18638 .00132 .01847

.43487 .14911 .00773 -.03449

.43813 .19195 .00284 .00297

.43813 .19196 .00000 .01840

.43833 .19213 .00018 -.04575 1.77345 .001

.44023 .19380 .00167 -.00701

.44427 .19738 .00357 .01379
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4.7Name

School

Chem. Teacher

,e DIRECTIONS: Place an X in the space below designating when you have time
for asfeedback session on problem solving. This should bb done
during your study hall, frep-period, and or after school. Please
indicate as many of "these Olies as you have available, although
you will just be interviewed'one time every few

SCHEDULE:

X

1.

2..

3.

4:

5.

6.

7.

9.

After Sclool

ti

FEEDBACK: We would Jike to find out how you go about solving problems.
Each student who participates in the feedback sessions will be
paid 3.00 per session. These sessions in no 1st will be used
to evaluate you. The discussion in the feedback session will
be confidential. Your teacher will not be informed of what
you do in these sessions.:We would appreciate your help.'

Please return this form to your teacher.

63j
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11

Name

School

Cher. Teacher

ti
DIRECTIONS: Place an X in the space below designating when you have time

for a feedback session on problem solving. This should be done

during your study hall, free period, and or after school. Please

Indic-ate as many of; these times as you have available, although

you will just be interviewed one time every few months.

SCHEDULE: PERIOD

1.

2.

3.p
4.

Home loom
ActivitiesalmisalPolb
S.

6.
111Mmms.

After School

FL:DBACK: We would like to find out how you go about solving problems.

These sessions in no wawill be used to evaluate you. The'

thdiscussion in the e feedback session will be confidential. \ Your

teacher will not be informed of what you do in these sessions

We would appreciate your help.

Please return this form to your instlixtor.
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AP,PEKOIX J

Protocol for Conducting Interviews
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4

0

INTERVIEWING PROTOCOL

Equipment Check

ECUIRIENT:

TAPE RECORDER (WITH MICROPHONE)

EXTENSION CORD

TAPE (BLANK)

WHIMSEY TAPE PAPER

TWO CHAIRS PENCILS

TABLE RESPONSE SHEET

OPERATION CHECKS:

1. TAPE RECORDER WORKING?

2. TAPE REWOUND?

3. VOLUME CONTROLS SET?

642

SET-UP:

A. WITH TABLE

B. WITH STUDENT

CHAIRS

SS9

- - TAPE
RECORDER

--TAPE

RECORDER



CARD 1
560

(START TAPE.) INTRODUCTION: MY NAME IS MR./MS._______:_fROM INDIANA UNIVERSITY,

I AM PART OF A GROUP OF SCIENCE EDUCATORS THAT IS TRYING TO HELP STUDENTS LEARN

TO SOLVE CHEMISTRY PROBLEMS. IF YOU HAVE NO OBJECTIONS, I WILL TAPE OUR CONVER

SATION. YOU WILL NOT BE REQUIRED TO LISTEN TO THETAPE.!THIS FEEDBACK SESSION

IS TO SEE HOW You GO ABOUT SOLVING CHEMISTRY PROBLEMS. THIS IS NOT A TEST AND

Is FINALLY PRIVATE. I WILL NOT BE REPORTING BACK TO YOUR TEACHER ON HOW WELL

YOU u0. THEY.WILL NOT HEAR THETAPE.

2 WHIMBEY TAPE

I 44 GOING TO PLAYA TAPE FOR YOU TO SHOW YOU HOW/I WOULD LIKE FOR YOU TO SOLVE

THE PROBLEMS AND ANSWER QUESTIONS. THE PERSON IN/THE TAPE WILL READ THE PROBLEM

LOUD AND.ALSO SOLVE IT ALOUD. ALL THOUGHTS CONCIERNING THE PROBLEM SHOULD BE

c,PoKEN_ALOUD.' THIS WAY, I WILL KNOW-WHAT YOU ARE THINKING AND, THEREFORE, BE

,;A! ;LE TO HELP YOU.(v

LEr's I. TO S(EEONE THINKING ALOUD. (STOP/RECORDER) (NAY TAPE AMO,GIVE

S I ODEN-1 WH IMBfY PROBLEM.)

6 4 3
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CARD 3

arklat

IF THE CIRCLE'BELOW IS TALLER THAN THE SQUARE AMINE CROSS IS SHORTER

THAN THE SQUARE, PUT A "K" IN THE CIRCLE. HOWEVER, IF THIS IS NOT THE

CASE, PUT A me IN THE SECOND TALLEST FIGURE.

(START RECORDER.) NOW LET'S PRACTICE THIS THINK-ALOUD TECHNIQUE, I WOULD'

LIKL FOR YOU TO SOLVE THE FOLLOWING PROBLEM AtOUD. FIRST READ IT, THEN SPEAK

YOUR THOUGHTS AS YOU SOLVE IT. YOU MAY DO YOUR FIGURING ON A PIECE OF PAPER,

BUT TILL ME WHAT YOU ARE THINKING WHILE YOU WRITE, HERE IS THE PROBLEM:



562

MLitt

HARVEY OWES SAM $27.00. SAM OWES FRED $6.00 AND ALBERT $15.30. IF, WITH

SAM'S PERMISSION, HARVEY PAYS OFF SAM'S DEBT TO ALBERT, HOW MUCH DOES

HARVEY STILL OWE SAM?

E I
QUESTIONS

II

NOW THAT You HAVE T4 IDEA, LET'S TRY SOME CHEMISTRY QUESTIONS. REMEMBER, LET

ME HEAP YOU THINKING)4 YOU APZWER. CASK THE QUESTIONS CV THE FOLLOWING CARD,)

(SHOULD GIVE THE STUDENT THE ANSWER IF HE/SHE .DOES NOT KNOW)

(PROMPT II', CASE OF SIOCE)
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CARD .7

(QUESTIONS)

EACH UNIT HAS A DIFFERENT SET OF QUESTIONS. THEY ARE TO BE ATTACHED

TO THIS CARD AS NEEDED.

CAkU 8

NO,/ LET'S TRY SOME PROBLEMS. YOU MAY USE PENCIL, PAPER, AND AN ATOMIC MASS

TABLE, IF YOU NEED IT ON ALL OF THE FOLLOWING PROBLEMS YOU CAN DO YOUR

FIGURING ON A SHEET OF PAPER, BUT TELL ME WHAT YOU ARE THINKING WHILE YOU

WATE.

HERE IS THE FIRST PROBLEM. REMEMBER TO READ IT ALOUD, AN) THINK ALOUD

DURING YOUR PROBLEM SOLVING. I WOULD LIKE TO HEAR ALL YOUR THOUGHTS RELATING

iJ THE PROBLEM.
(WHILE STUDENT IS SOLVING 11£ PROBLEM, YOU SHOULD BE WRITING

Oti THE PE:SPONSE SHEET) (ONLY PROMPT THINK-ALOUD PROCESS NO ASSISTANCE)

(GIVE FIRST PROBLEM, SELECT AT RANDOM) (DIFFERENT PROBLEM SETS ARE USED FOR

EACH UNIT)



564
CARD 9

NOW LET'3 .RY ANOTHLR PROBLEM. (GIVE SECOND PROBLEM, SELECT AT RANDOM)

NOW LET'S TRY A THIRD PROBLEM. (GIVE A THIRD PROBLEM, SELECT AT RANDOM).

(IF MET;IOD WAS NOT EVIDENT, I.E. D, F, A, OR P, ASK THE STUDENT WHICH

METHOD HE/SHE USED. HAVE THEM SHOW YOUTHE METHOD.)

(S4OW ME HOW YOU USED THIS METHOD ON PROBLEM ONE.)

:ARD 1U

MiNiK YOU FOR YOUR HELP. DO YOU WIVE ANY COMMENTS ABOUT THIS SESSION?

Z:iTOP TAPE)

111 OROLR FOR US TO PAY YOU FDR THIS SESSION, PLEASE SIGN AND DATE THIS FORM,

64 7
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Teacher Instructions for Interviews



Time:

Feedback Session Procedures

Each session will last approximately 45 minutes, and will be
conducted where possible during study periodi. It may be

necessary at times to have sessions after school or during

class time.

Where: Me session will take place in a separate room away from

the chemistry classroom.

Supportive
Materials:

Selection
of students:

Initial
Instruction

tilt'
student:

Audio tape and recorder will be'needed to fecord the interview.
The student will be provided with a calculator, periodic chart,
unlined paper, and a pencil.

From the tests administered at the beginning of the school
year, the students will be classified according to the

diagram below:

Visual

Verbal

Proportional Reasoning

-Low Hi li

Sixteen students from each of the four groups will
participate in a session following each of the four instruc-'

tional units. Selection of the students from each
group will be made on 'the basis of their success or
failure on the immediate post test and on the instructional

strategy used. Eight students who were able to solve the
problems and eight Who were not will be used. In order to

encourage participation, $3.00 will be paid the student for

each session.

Prior to the feedback session the students will be given

the following instructions:
1. The student will be told that he/she will be solving
problems like he/she had done in class.

2. The student will be told that the session will be

private. The concept of complete privacy should be

emphasized. The student is to be insured that nothing
said, nor the results of any problems, will be repeated

to the teacher or classmates of the student.

64J
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The Session:

-2-

3. The student will be informed that the interviewer will
be primarily interested in how the problems are solved.
4. Each student will be igkell if he/she objects to being

audiorecorded, and will be told that they will not be
required to listen to the tape being replayed.

The students will use a Think-Aloud Technique. This tech-

niqwwill be divided into three sections as follows:
1. Think-Aloud Warm-up

a) The student listens to a short tape of a person
solving a problem aloud.

h) The student is taped while solving a think-aloud
problem from Whimbey.

c) The student is informed of the importance of
thinking aloud while solving the problems during

the session.
2. Questions Section: Chemistry_ content questions will

be asked to establish background and set the tone for

the session. A typical question might be as follows:'

In the molecule H2SO4, how many atoms of
each clement are present?

The interviewer will, respond to the question when

appropriate.
3. Problem Section:' Two problems will be presented to the

student (from a pool of three items of each type) to
be solved by thinking aloud. The interviewer will
prompt the student with a geaeral question such as,
"What are you thinking-now?" only when the think aloud
process breaks down. No hints to the problem solve*
will be given. The intervidier will take notes on
paper while the student is thinking aloud. It has been

shown that this will stimulate the think-aloud process.
Examples of the problems are as foli/ws:

a. One step - How many moles of H2SO4 are present in
90 grams of H2SO4?

b. Two step - What is the mass of 80 liters of neon gas?

Post Session: The tapes will be coded according to the attached form.

' 567



APPENDIX L

568

Interview Questions, Problems, Answers

Moles 569

GaS Laws 571

Stoichiometry 573

Molarity 577
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Moles Questions

Ql. The formula for calcium hydroxide is Ca(OH) 7. (SHOW STUDENT CARD).

How many atoms of each element are present In a molecule of calcium hydroxide?

Expected Response (E.R.) 1 calcium, 2 oxygen, 2 hydrogen

Q2. If you had a mole of something, what would that mean to you?

E.R. A mole represents a certain number of particles, volume, and mass

of a substance.

Q3. How many particles are in one mole?

E.R. - 6.02 x 1023 particles

Q4. What volume would one mole of an ideal gas occupy at STP?

E.R. 22.4 liters

Q5. How would you determine the mass of one mole of iron?

E.R. Look up the atomic mass in a table of atomic masses.

Q6. Hew would you determine the mass of one mole of ammonia (Nit)? (SHOW STUDENT CARD)

E.R. Look up atomic mass of nitrogen (N); and hydrogen (Ii) in atomic mass

table. Add up one nitrogen (N), and 3 hydrogen (11) to get mass of

1 mole.

Moles Problems

114 How much would 3 moles'of carbon dioxide (CO2) weigh?

1V What would be the volume of 3 moles of carbon dioxide (CO2) gas at STP?

1Mo. How many molecules of carbon dioxide (CCt) are present in 3 moles of

carbon dioxide?

2VM A sample of methane (C114) has a volume of 44.8 liters at STP. What would

be the mass of this sample?

2144o A sample of methane (CH) has a mass of 32 grams. How many molecules are

in this sample?

2MoV A sample of methane (Clig$) contains 12-.04 x 1023 molecules. What volume

would this gas occupy at STP?

3VA A sample of hydrogen sulfide (H2S) has a volume of 67.2 liters at STP.

Hew many hydrogen atoms are present in this sample?

3MA A sample of hydrogen sulfide (112S) has a mass of 102.3 grams. How many

hydrogen atoms arc present in this sample?

3VM A sample of hydrogen sulfide (112S) has a volume of 67.2 liters at STP.

What would be the mass of the hydrogen atoms in this sample?
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Moles Answers

1M 12 + 2(16) = 44 grams/mole 3 moles CO2 x 44 grams/mole = 132 grams Mt

1V 3 moles CO2 x 22.4 liters/mole = 67.2 liters

No 3 moles CO
2
x 6.02 x 1023 molecules/mole = 18.06 x 1023 molecules

2VM 44.8 liters = 2 moles x (12 + 4(1)) = 32 grams
22.1 liters/mole

24MMo 12 + 4(1) = 16 grams/mole 32 grams
16 grams/mole

2 moles x 6.02 x 1023 molecules/moles = 12.04 x 1023 molecules

NOV 12.04 x 1023 molecules = 2 moles x 22.4 liters/mole =
6.02 x ]02.5 molecules/mole

44.8 liters

3VA 67.2 liters = 3 moles 112 S x 2 moles H =
22.4 liters /mole 1 moleiliS.

6 moles H x 6.02 x 10
23

atoms/mole = 36.12 x 10
23

atoms

34A 2 (1) + 32.1 = 34.1 grams /mole 102.3 grams H2S

34.1 grams/mole

3 moles H2S x 2 moles II = 6 moles H2S x 6.02 x 1023 atoms/mole =
1 mole H

2
S

36.12 x 1023 atoms H

3VM 67.2 liters 112S = 3 moles 112S x 2 mbles H
22.4 liters/mole 1 mole 1S

6 moles H x 1.0 grams = 6.0 grams H
mole
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Gas Laws Questions

What would happen to the volume of a gas sample if the pressure on the
'ample was increased and the temperature held constant?

pcpected Response (E.R.) - Volume would decrease.

O

Q2. What would happen to the volume of a gas sample if the temperature on the
sample wasincreased and the pressure held constant?

E.R. - Volume would increase.

Q3. What would happen to the temperature al gas sample' if the pressure on the

sample was decreased and the volume, hfAconstant?

E.R. - Temperature will decrease. '

What wouli happen to the pressure of a gas sample if the temperature and the

volume were both increased?

E.R. - Can't tell, depends on the percentage for each effect.

tes'Laws Problems

1TP A sample of gas has a pressure of 600 mm Hg at 27°C. What pressure would

this sample have at 1270C? Assume no volume change.

1TV A sample of gas has a volume of 600-M1 at 27°C. What volume would this

gas occupy at 127°C? Assume-no pressure change.

1W A sample of gas has a volume of 500 ml at 700 mm Hg pressure. What volume

would this gas occupy at 350 mm fig pressure? Assume no temperature change.

2TVP A sample of gas has a pressure of 400 mm Hg with a volume of 600 ml and -73°C

temperature. What would be the pressure if the volume became 300 ml and the

temperature 27°C?

2TPV A sample of gas has a volume of 600 ml at 400 mm Jig pressure and -73°C

temperature. What would be the volume if the pressure became 1200 mm Hg

°and the temperature 270CT

2PVT A sample of gas has a temperature of -73°C at 400 mm Hg pressure and 600 ml

volume. What would be the Celsius temperature of the sample if the pressure

became 1200 mm Hg and the volume 300 ml?

3M -TV .What volume would 3 moles of a gas occupy at -136.5°C and 760 mm Hg?

SH+TV What volume would 3 moles of a gas occupy at 273°C and 760 mm Hg?

31KIIV What volume would 3 moles of a gas occupy at 0°C and 1520 mm

eJ i



r 600 mmHg x(73 + 127°).
273 + 270K

ip

ITV
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Gas Laws Answers

2

(*Km Hg x 400 = 800 mm
I

Ilg

TN
1

600 ml 273

273f
+ 127°K

47-7751:

=

2

680 ml x 400

, 3gff

1

= 800 ml

1PV 500 ml x 7410'm Hg = 1000 ml

314r

2TVP 400 mm Hg xe600 ml x273 + 27 °K = 400 mm Hg x 2 x 300 . 1200 mm Hg
300 ml

2TPV 600 ml x 400 mm x 273 + 27°K
1 mm 273+-730K

600 ml x 1 x 300°K 300 ml
Molt

A

2PVT 273 +(-73°C) x lgg mm Hg xr 300 ml = 200°K x 3 x 1 = 300°K
mm Iig GDO ma T

300°K 273 . 27°C

34-TV 3 moles x 22.4 liters x -136.5+273 = 3 x 22.4 liters x 136.5 =
mo es 273 273

33.6 liters

0
3M+TV 3moles x 22.4 liters x 273 + 273 = 3 x.22.4 liters x 546 =

mo es 273°K 773

134.4 liters

-3MPV 3 moles x 22.4 liters x 760 mm Hg = 33.6 liters
mo es 1520 mm lig

tl
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Stoichiometry Questions

Ql. The formula for calcium hydroxide is Ca(OH)2. (Show Student Card) How/

many atoms of each element are present in a molecule of calcium hydroxide?

Expected Response (L.R.) 1 c4lcium, 2 oxygen, 2 hydrogen.

Q2. If you had a mole of something, what would that mean to you?

E.R. - A mole represents a certain number of particles, volume, and

mass of a substance.

Q3. How many particles arc in one mole?

E.R. 6.02 x 1023 particles.

Q4. What volume would one mole of an ideal gas occupy at STP?

E.R. - 22.4 liters.

Q5. How would lou determine the mass of one mole of iron?

E.R. Look up the atomic.mass in a Table of Atomic NAses.

Q,. How would you determine the',mass of one mole of ammonia (NH3)?

(Show Student Card)

E.R. - Look up atomic mass of nitrogego(N), and Hydrogen (H) in Atomic

Mass Table. Add up one nitrogen (N), 3 hydrogen (II) to get mass

of I mole.

Q7C-Ilow would you go about balancing the following equation:

Nael(ao + 112014(aq) Na2SO4(ao + 1C1(aci)

E.R. - Two 11 arc needed on right to balance two. H on left. Two Cl

arc needed on left to balance two Cl on right. Other elements

balance.

Stoichiometry Problems

1 M Propane gas (C3118) burns (reacts with 02) to form carbon dioxide (L02)

and water vapor (H20) according to the reaction:

C3H8(g) + 02(g) CO2
(g)

+
H2O(g)

manymany moles of CO2 would be formed from 3 moles of C3118

reacting with sufficient 92?
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Stoichiometry Problems continued:

I V, Propane gas (C3118) burns (reacts with 02) to form carbon dioxide (CO2)
and water vapor (H20) according to the reaction:

C3118 (g) + 02(g) 002(g + 1i20 (g)

' How many liters of CO2 (measved.at ) would be formed from 67.2 liters

of CA (measuredat STP) reacting with sufficient 02?

1 P . Propane gas (C3118) burns (reacts with 02) to form carbon dioxide (c02)
and water vapor (H20) according to the reaction:

C3H8: + 02 (g) CO2 (g) + 1120 (g))/

;How many molecules of CO2 ould be formed from 18.06 x 1023 molecules
. of C 3 Hig reacting with sufficient 02?.

2 MM , Sodium carbonate (NA2CO3) reacts with hydrochloric acid (HC1) to form
sodium chloride (NaC1), water (1120), and carbon dioxide gas (CO2) .

according to the reaction:

Isla
2
CO

3(aq)
+ 2 HC1(aq)--4 2 NaCl(aq) + H2C(1) + CO2(g)

How many grams of COLCO would be produced fFom 146.0 grams of HC
reacting with sufficient Na2CO3?

2 MV Sodium carbonate (Na2C05) reacts with hydrochloric acid (HC1) to form
sodium chloride (NaC1), water (H20),and carbon dibxide (CO2)
according to the reaction:

Na2CO3(aq) + 2 1C1(aq) -42 NaC1(aq) + H20(1) + CO2 (g)

How many liters of CO2 (measured at STP) would be produce, from 146.0
grams of HC1 reacting with sufficient NA2CO3?

Rk
.

2 MP 'Sodium carbonate (Nag%) reacts with hydrochloric Rcid (IC,).) to' form
sodium chloride (NaCl); water (1120), and carbon dioxide gas (CO2)

4 accordidg to the reaction:

Na2CO3(aq) + 2 1K21 (aq) -12 NaC1(aq) + H20(1) + CO2 (g)

How many mol&ules of CO2 wouldue produced from 146.0 grams of HC1
reacting with sufficient NA2CO3?

3 d- Silver nitrat4 (NgNO) reacts with hydrogen sulfide gas (H2S) to form
silver sulfide (Ag2S) and nitric acid (HNO3) according to the reaction:

2AgNO3(aq) + H2gg)---,0 i4g2Ns) + 2 11NO3(aq)

How many. grams of lEs103 would be formed from combining 255 gral AgNO3

with 17 gramt 112S?
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Stoichiametry Problems continued:

Silvei nitrate (AgNO3) reacts with hydrogen sulfide gas (112S) to form
silver'sulfide (Ag2S) and nitric acid (HNO3) according to the reaction:

2 Agn(aq) + 112S(g)---4Ag2S(S) + 2 1W03(a4)

How many grams of Ag2S would be formed_frm combining 170 grams of
AgNO3 and 170 grams r.2S?

3 SS 2 ,Silver nitrate (AgNO3) reacts with hydrogen sulfide gas (H2S) to form
silver sulfide (Ag2S) and nitric acid (HNO3) according to the reaction:

2 AgNO3(act). + H2S(g)---.1042S(s) + 2 HNO3(act)

How many grams of Ag2S would be forzied from combining 340 grams of
AgNO3 *and 51 grams H2S?

6.3



1 H Cs + 502 4 3CO2 + 4 1120

1 P

1 V

C3118 + 5 02-103 CO2+ 4 H2O

54.18 x 1023 molecules CO2

C3H8 + 5 02-03 COO 4 H2O

2 MM Equation balanced.

Stoichiometry Answers

3moles C 11 x 3 moles CO2
9 moles CO2

1 mole C3118

18.06 x 1023 molecules C3118 x 3 moles CO2

67.2 liters 03118

576

1 molecule CsHg

x 3 liters CO2

ti

= 201.6 liters CO
2liter C3H8

146.0 grams HC1 = 4.0 moles HC1 x 1 mole CO2

2 moles HC136.5 grams/FlaF

2.0 moles CO2 2.0 moles CO2 x 44 grams = 88.0 grams CO2
mole

Z MV Equation balanced.

2.0 moles CO2 x 22

2 MP Equation balanced.

2.0 moles 001 x 6.

3 HH Equation balanced.

146.0 grams HC1 = 4.0 =moles 1101 x 1 mole CO2
36S- grams/mole

2 mole 1-1C1

.4 liters

75TFm
= 44.8 liters CO2

146.0 grams HC1
36.5 jaii755re

02 x 10
23 molecules

mo e

255 grams AGNO3

170.grams/Mole

= 4.0 moles HC1 x 1 mole CO2

moles HC1

= 12.04 x 1023 molecules CO2

= 1.5 moles AgNCs

17 grams HIS
= 0.5 mole H2S H2S is limiting reagent

34 grams/mole

0.5 mole H2S x 2 mole 1M3.

1 mole H2S
.

1.0 mole HNO3 x 63 Elms = 63 grams HNO3
MOTE

248 grams Ag

3 SS 1 170 grams AgNO3
1.0 mole AgN43 170 grams 112S 5.0

1125

31-875iii5H577

AgNO3 limiting reagent 1.0 mole AgNO3 X 1 mole Ag2S
= 0.5 mole

2 moles Agg03

0.5 mole Ag2S x 248 grams = 124 grams Ag2S
mole

3 S 2 340 grams AgNCs = 2.0'moles AgNCS 51 grams H2S
176 grams/Mole

34-grams/mole

AgNCS limiting reagent 2.0 moles AgNO3 x 1 mole Ag2S - 1.0 mole Ag,S

1.5 moles H
2
S

Ag2S

1.0 mole Ag2S x 248 grams =
2 moles AgNCs4

ti5:21
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Molarity Questions

Ql. How would yoU determine the mass of one mole of iron?

Expected Response (E.R.) - Look up the atomic mass in a Table of Atomic Masses.

Q2. How would you determine the mass of one mole of ammonia (1413)?

(Show Student Card)

Look up atomic mass of N, and H in atomic mass table. Add up one

N and 3 H to get mass of one mole.

Q3. How many milliliters are equal to 2.5 liters?

E.R. - 2500 ml

Q4. Define molarity in your own words.

E.R. - The moles of material dissolved per liter of.solution.Moles/liter (accepted).

Q5. How would you make up one liter of a"two molar sodium chloride solution?

E.R. - Determine molecular mass of NaC1, weigh out the equivalent of 2

moles (2 molecular masses) of NaCl.. Dissolve material in enough

water to make one liter of solution.

Molarity Problems

1 Ml How many ml of a 0.5 M potassium fluoride (KF) solution would contain

116.2 grams of KF?

IG How many grams of potassium fluoride (KF) are, present in 4000 ml of a

0.5 M solution of KF?

1 Mb What would be the molarity of a solution made by dissolving 116.2

grams of potassium fluoride (KF) in enough water to form 4000 ml of

solution?

2 MoD What would be the molarity of a solution made by adding 500 ml of

water to 1500 ml of a 3.0 M LiC1 solutiorq

2 MoC What would be the molarity of a solution made by boiling off 500 ml

of waters from 2000 ml of a 2.25 M LiC1 solution?

2 MoV HOW many ml of water must' be add8d to 1500 ml of a 3.0 M Litt

solution in order for the molarity to become 2.25 M?

3 WA Sodium carbonate (Na CO3) reacts with phosphoric acid (13PO4) to
proiduce sodium phosphate (Na3PO4), water (H2O), and carbon dioxide 0
gas (CO2) according to the balanced reaction:

3 Na2CO3(s) 2 len 2 NW()-4 (act) + 3 1120(1) + 3 CO2(g)

What world be the molarity of the H3PO4solution that reacted with
sufficient Na2CO3to produce 54.0 grams of 1{20 if the solution had

a volume of 0.5 liters?
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Molari,ty Problems sontinued:

3 GA 1 Sodium carbonate (Na2CO3) reacts with phosphoric acid (H3PO4) to produce
sodium phosphate (Na3PO4), water (H20), and carbon dioxide gas.(CO2)
according to the balanced reaction:

3 Na2CO3 (s) + 2 H3PO4(aq)--r+ 2 Na3PO4(ao + 3 H20(1) + 3 CO2(g)

What would be the molarity of the H3PO4 solution that reacted with
sufficient Na2CO3 to produce 132.0 grams of CO2 if the solution
had a volume tf 0.5 liters?

3 GA 2 Sodium carbonate (Na2CO3) reacts with phosphoric acid (113PO4) to produce
sodium phosphate (Na3PO4), water (1120), and carbon dioxide gas (CO2)
according to the balanced reaction:

3 Na2CO3 (s) + 2 H3PO4(aq).---4 2 Na3PO4
(a9)

+ 3 1 [20(1) + 3 CO2(g)

What would be the molarity of the 113PO4 solution that reacted with
sufficient Na2CO3 to produce 264g of CO2 if the solution had a volume
of 0.5 liters?

6 6
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Molarity Answers

1 Ml 116.2 g/58.1 g/mole = 2.0 moles 0.51 = 0.5 moles/liter

2.0 moles/O.Tmoles/liter = 4.0 liters = 4000 mL

1 6 C.5 M = 0.5 moles/liter x 4.0 1 = 2.0 moles

2.0 moles x 58.1 grams/mole = 116.2 grams

1 Mb K 39.1 116.2 g/58.1 g/mole = 2.0 moles 2.0 moles/4.0 1 = 0.5 M

F 19.0
STT

2 MoD 3.0 M = 3.0 MoleS/liter x 1.5 1 = 4.5 moles

4.5 moles/2.0 liters = 2.25 M

2 MoC 2.25 M=2.25 moles/liter x,2.0 1 =4.50 moles

4.50 moles/1.5 liters = 3.0 M

2 MoV 3.0 M = 3.0,moles/liter x 1.5 1 = 4.5 moles 4.5 moles x 1 liter/2.25 =

3 WA

2.0 liters 2.0 liters - 1.5 liters = 0.5 liters .5L . 500 mL

54 grams/18 grams/mole = 3 moles 1120

3 moles 1120 x 2 moles 113PO4/3 moles 1120 = 2 moles 1131104

2 moles 131104/0.5 1 = 4.0 M H31104

3 GA 1 132/grams CO2/44 grams/mole = 3 moles CO2

3 moles CO2 x 2 moles 113PO4/3 moles CO2 = 2 moles 113104

2 moles 113PO4/.5 1 = 4.0 M 1131304

3 GA 2 264g CO2/44 g/mole = 6 mole CO20

6 mole CO2 x 2 mole H3PO4/3 mole CO2 = 4 mole 1131304

4 mole H3PO4/.5 liter . 8 M 1i3PO4
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APPENDIX M

Coding Forms

General 581

Gas Laws 586

Stoichiometry 590

gr

Molarity 594



Teacher
Unit

Treatment
Problems

581

Success/Unsuccess Interviewer

V V Q Date of Coding

P P R T Coder

Date of Interview

Problems

PROBLEMS

. Co.-rect

Incorrect

Counter Number

1

2

3

-

QUESTIONS

CORRECT
Incorrect

Counter Number
1 526
3 7

___.---

4-------B

Readier /Organizing Structural Errors

Rereads problem or parts of problem M rprets problem.

'Restates problem in own words Disregards relevant information given

in problem

Performs exploratory manipulations
Disregards relevant information

Uses mnemonic notation generated in previous steps

Draws a diagram Misapplies relevant information
generated in previous steps

Makes a list
Does not generate needed information

Other from memory

Retell Misapplies / / C ion

al

Recalls a related concept Other

Recalls a related problem Other

Use, a method of related poblew "the?

Prodo,tion
other

Systeamatic Approsch Evaluation

Approach taught Routine check of manipulations

Arithmetic algorithm Checks that the solution satisfies
conditions

0.

Sionsgstemmatic approach

Bright idea

Use successive approximation

Estimates

Guesses/selects solution on

irrelevant basis

No answer given

Stratzgy

Algorithmic only

Algorithmic/reasoning strategy

Random trial and error

QUESTIONS

_ Checks solution by retracing steps

Derives solution by another method

Is the result(s) reasonable?

Compares Solution with general known
results

(hunger approach

Comments About Solution

%salons existence of solution

Questions uniqueness of solution

Questions necessity /relevance of

information

hxpresses uncertainty about final

solution
9

Says he doesn't know how ti solve
problem

Says the problem is difficult

Ixecutiv Errors tallies total

Computing/arithmetic

1

Answers question partially without prompting

Needs prompting to answer successfully

Answers question completely without prompting

Doss nit answer question at all

COMMENTS

"...
6L
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DESCRIPTION OF (X)DING FORM

This coding system is an adaptation of that system used by Days (1977)
for problem solving strategies in mathematics and Nurrenbern (1979)
in chemistry.

A. Reading/Organizing. Processes a subject uses to aid in understand-
ing what the problem is asking or processes used to represent the
problem in a form that will aid in finding a solution.

1. Rereads problem. Subject reads all or part of the problem
statement more than one time or the subject reports that.he
is rereading.

2. Restates problem. bject rephrases or paraphrases the problem
statement in more familiar terms.

3. Performs exploratory manipulations. Subject performs sane
manipulations with given data without having a real plan or a
clear cut reason for doing soothe subject is not testing a
formulated hypothesis.

4. Uses mnemonic notation. Subject uses symbols or notation
that calls to mind the variables they represent: atomic symbols,

..molecular formulas, chemical equation.

5., Draws a diagram: Subject draws a figure or diagram to depict
the situation or conditions as stated in the problem.

6. Makes a list. Subject puts certain data into a list in order
to aid him in solving the problem.

7. Other organizing procedures.

B. Recall. Processes used to recall information from memory.

8. Recalls a related concept. §ubject recalls a related concept
or related formula to be used in solving the problem.

9. Recalls a related problem. Subject says he remembers having or
solving a problem like the present one. Subject may retell
something or some activity from class.

W. Uses method of related problem. Subject applies method used to
solve a previous problem to the problem being solved. Subject
must 'say he is using the method of a related problem, "I

will solve this problem the same way I solved that problem
about the cow and pig."

C. Production. Processes used to carry out the plans and obtain results.
Considered to be systematic ff subject uses FoAe organized mode of
proceeding.

U)
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11. Approach taught. Subject uses either proportionality, diagrams,

factor-label method, or analogies. This can be evident from

either the comments made while solving the problem, or from

the sheet the student uses, or from the questions asked.

12. Arithmetic algorithm. Subject doesn't use Vie Method taught

but uses some arithmetic algorithm, that is, some procedure
that is memorized other than the one taught.

13. Bright idea. Subject, after some thought, indicates that he
has just gotten an insight into,the problem or an idea to

follow. "Ah ha!" "Oh, I get it!" "Oh, I got an idea!"

"Ah, now I see!"

14. Uses successive approximation. Subject tries one value and

then uses the result obtained to get value to try next.

15. Estimates. Subject indicates that he is making an estimate'

or estimates of the magnitude of the solution or parts of

solution.

16. Guesses/selects solution on irrelevant basis. Subject gives

a solution which was derived in an arbitrary manner or based

on superficial information. Wild guess. Combine numbers to-

gether without any reason to get solution.

17. Does not complete problem. Doesn't proceed enough to determine

the method.

D Strategy. Dominant sequence or sequences of processes used while

attempting to solve a problem (there could be more than one

strategy used in solving the same problem).

18. Algorithmic. Subject attempts to solve problem using algorithms

or algorithmic forms. Does this from rote. (Wrong algorithms

may be used.)

19. Algorlykac/Reasoning. Subject uses reasoning and an algorithm(s)

or algorithmic form(s) to obtain solution to the problem. (Can

have incorrect reasoning or arithmetic error.)

20. Random trial and - error`. Subject makes a sequence of random

guesses about the solution to the problem without using any

type of system of the information from previous guesses. Any-

.
thing not sategorized as the other two strategies.

E. Structural Errors.

21. Misinterprets problem. It is indicated in some way that the

student has misread, misinterpreted, or disregarded a critical

part of the problem.

22. Disregards relevant information given in problem. Subject

fails to use all necessary information given in his solution

attempt.

-2-

0



23. Disregards relevant information generated during previous steps.
Subject proceeds to a solution without considering information
he produced which is necessary to solve the problem. E.g., a
subject may balance an equation and then ignore it in further
solution steps.

24. Misapplies relevant information generated during previous steps.
Subject uses information he has generated in an inappropriate
way. E.g., a subject may conclude that substance X is in ex-.
cess and then base further calculation on that substance in-
stead of substance Y which would be the limiting reagent and
determinor of subsequent products.

25. Does not generate needed information from memory. Student
does not recall needed information such as in converting
volume to moles, does not recall 22.4 1/mole.

26. Misapplies conversion factor. Student uses wrong conversiw
factor. E.g., in changing moles to volume, uses 6.02 x 104'
molecules. (Include one that should be used.)

27. Other structural errors.

F. Evaluation. Processes used in the checking phase of problem solving.
Checking can occur after an intermediate or final result.

28. Routine check of manipulations. Subject goes back and briefly
checks his operations or counting.

29. Checksthat solution satisfies the, conditions. Subject 66stitutes
the final'or intermediate solution back into the problem gld
assures himself that all the conditions are met.

30. Checks solution by retracing steps. Subject repeats, after de-
riving a solution, the operations or part of the operations he
performed to derive the solution.

31. Derives solution by another method. Subject, after obtaining a
solution using one method, tries to use a different method cr
procedure to reach the solution (more formal than 28).

32. Is the result(s) reasoaable? Subject compares his solution
against his experience and the real world.

33. Compares solution with general known results. Subject compares
his solution with what is commonly known to determine if con-
tradictions exist.

34. Changes approach. Subject changes strategy he is using to solve
the problem, e.g., did algorithmic to trial-and-error change or
vice versa.

G. Comments about solution. Not considered to be processes.

35. Questions existence of solution. Subject asks if there is a
solution to the problem or states that he does not think the
solution exists.

584



70, . Questions uniqueness of solution. Subject makes a direct
statement referring to the possibility of more than one

solution. 3

37. Questions necessity/relevance of information. Subject

comments about some of the info ion given and its

relevance to the situation.

38. Expresses uncertainty about final solution. Subject expresses

doubt about the solution he has found.

39. Says he doesn't know how to stIlve the problem. This is

checked even if after saying he doesn't know, the subject
goes on and finds a solution.

40. Says the problem is difficult.

Executive Error. (To be tallied)

41. Counting/Arithmetic operations. Subject makes arithmetical

error while solving problem.
4

I.
\

Questions

42. Answers question partially without prompting. Prompting defined

as help. Subject answers part of question on his/her own and

-then gets stuck. Prompting may cause answer to be completed.

43. Needs prompting to answer successfully. Subject is able to
answer the question, but needs initial prompting.

44. Answers'question completely without prompting. Subject needs

no prompting to answer question.

45. Does not answer question at all. Subject either does not
attempt question or does'not answer any part of it (with

or without prompting). .-

c

J. Interviewer's ccomints, The interviewer will record such comments

as, "Student seemed nerva,is, "Student not sure of himself", or

"Not persistent". The interviewer will also record any a4ditional
structural errors not noted on the checklist as well as arY'y unique

events which occurred such as interruptions by school announcements.

O

-4--
6
.
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PROBLEM

1.

Student Number

GAS LAW PROBLEMS

A

0 Doesn't get this far ,

1 Kelvin temperature not required,
2 / Fails to change to Kelvinftemperature
3" Makes error in calculating Kelvin temperature
4 Converts to Kelvin temperature correctly

0 Doesn't get this far
1 Doesn't set up factor or proportion
2 Inverts a factor or sets up wrong proportion
3 Sets up problem correctly

2. 0 Doesn't get this far
1 Kelvin temperature' not required
2 Fails to change to Kelvin temperiture (beginning)
3 Fails to change from Kelvin temperature (end)
4 2 and 3
S MakeS error in calculating Kelvin temperature
6 Converts all Kelvin temperatures correctly
7 3 and 5
8 Other

3.

0 oesn't get his far
1 Doesn't set up factor or proportion
2 Disregards- one of the conditions
3 Inverts a factor or sets up wroni ,proportion
4 2 and 3
S Correct set up (regardless of Kelvin temperature)

0

1

2

3

4

0

1

Doesn't get this far
Kelvin temperature not required
Fails to change to Kelvin temperature

,Makes error in calculating Kelvin temperature
Converts to Kelvin temperature correctly ,

Doesn't get this
/ Pailsto convert,

2 Doesn't set u
3 Inverts .a f or
4 1 and 2
5 I and 3
6 2 and 3
7 Sets up pro
8 Converts to
9 2 and 8

far
moles to volume

ctor or proportion
o4 S up wrong proportion

lem correctly
iters incorrectly

1 Confused about STP

r

586
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GAS LAWS

Description of Special Coding Form, r

587

Problem 1

0 Doesn'tget this far. Says he doesn't know how to,do problem. .

Jilit doesn't begin.

1 Kelvin temperature not required. Problem doesn't call for conimrsion.

2 Fails to change to Kelvin temperature. Actually works lem or-

sets up problem to work without Kelvin rature.

3 Makes error in calculati Kelvin temperature. Uses wrong\constant,
subtracts instead of adding, makes math error, etc.

0

4 Converts to Kelvin temperature correctly. Gets correct answer.t
0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

11 Doesn't set up factor or proportion. Does something else or sets
up incorrectly (except for inverting, then use 2), uses some
other method.

2 Inverts a factor or sets up a wrong proportion. The major error is /

the inversion of numbers. Otherwise it would qualify for 3. /

Process is correct.

Sets up problem correctly. Can be errors in arithmetic, etc.
previous to this. Basic structure or process is correct
(e.g. does problem in liters or uses wrong temperature or
copies wrong number.)

Probldm 2 if

\\`.

Doesn't get this far. Says he doesn't
Just doesn't begin.

know how to do problem.

Kelvin temperature not required. Problem doesn't call for conversion.

Fails to change to Kelvin temperature (beginning). Actually works
problem or sets up problem to work without using Kelvin temperature.

Fails to change from Kelvin temperature (end).
to Celsius at the ena of the problem.

2 and 3 Both errors marl-.

Forgets to change back
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5 Makes error in calculating,Kelvin temperature.' Adds wrong constant,
subttacts, subtracts instead of adding, makes math error, etc.
(If an error in any temperature conversion occurs, use this
category.)

.1111

6 Converts all Kelvin temperatures correctl y. Gets all answers correct.

7 3 and 5 Both errors occur.

8, Other Sets up first temperature correctly BM doesn't proceed
. j/far/eqough to get to final conversion.

0 Doesn't get this faro Says he does n't know how fo do problem.
Just doesn't begin.

,

1 Doesn't set up factor or proportion. Does something else or sets
up incorrectly (except' for-inverting, then use 3), uses
sane other method:

2 Disre ards one of the conditions. Only sets up using one of the
co itions e.g. t e pro em calls for temperature and
pressure change, student only uses the temperature change.
Use this catqgory also if student realizes both changes but
only sets up one change. (Either, be can't set up both, or
forgets one.) ,

3 Inverts ,a factor or sets up wrong pr portion. The major error is
the inversion of nunibers. Othe ise it would qualify for 5.
Process is correct.

4 2 and 3 Both errors made.

5 Correct set LT (regardless of Kelvin temperature). Can be error ine
arithmetic, etc. previous to this. basic structure or process
iircorrect (e.g. does problem in liters or uses wront temperature
or copies wrong number.)

ProbIem-3;--

0 Doesn't get this far. Says he doesn't now how to do problem.
Just doesn't begin.

1
1 Kelvin temperature not required. Problem doesn't call for conversion.

2 Fails to change to Kelvin temperature. Actually works problem or
sets up problem to work without using Kelvin.temperaturc.

--3 Makes error in calculating Kelvin temperature. Vies wrong constant;
subtracts instead ofradding, makes math- errtx, etc.

4, Converts tc Kelvl temperature correctly. Gets correct answer.

6/1
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0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Fails to convert moles to volume. Does the problem or sets up
problem without changing to volume. Also use this category

if he realizes he should change but doesn't do it - forgets
cr doesn't know how. If he does it incorrectly, use 8.

2 Doesn't set up a factor or proportion. Does something else or sets

up incorrectly (except for inverting, then use 3), uses some

other method.

3 Inverts a factor er sets up wrong proportion. The major error is

the inversion of numbers. Otherwise it would qualify for 7.

Process is correct.

4 1 and 2 Both errors made.

!

I and 3 Both er run; made.

6 2 and 3 Both errors made.

7 Sets up problem correctly. Can be errors in arithmetic, etc. previoa

to this. Basic structure or process is correct (e.g. does problem
in liters or uses wrong temperature or copies wrong number.)

8 Converts to liters incorrectly. Uses 6.02 x 1023 or some other

incoriiatprocedure.

9 2 and 8 Both errors made.

1 Confused about STP. Doesn't associate,22.4 liters with STP, etc.

104.

67'.I 4.,
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STOICHICMETRY PROBLIMS

0 Doesn't get this far
i Balances equation correctly
2 Balances equation incorrectly
3 Does not attempt to balance equation

0 Doesn't get this far
I Uses equation correctly in solving problem
2 Uses equation incorrectly in 'olving problem
3 Does not use balanced equation in solving problem dr

2. 0 Doesn't get this far
1 Checks to see that equation is balanced
2 Does not check to see that equation is balanced

0 Doesn't get this far
1 Uses equation correctly'in solving problem
2 Uses equation incorrectly in solving problem
3 Does not use equation in solving problan

3. 0 .Doesn't get this far
1 Checks to see that equation is balanced
2 Does not check to see that equation is balanced

0 Doesn't get this far
1 Uses equation correctly for determining excess
2 Uses equation incorrectly for determining excess
3 Does not use equation for determining excess

0 Doesn't et this far
1 Uses equAion correctly for determining product
2 Uses equation incorrectly for determining product
3 Does not use equation for determining product ,
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STOICHILNETRY

Description of Special Coding Form

Problem 1

0 Doesn't set this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Balances equation correctly. A11 coefficients correct.

2 Balances equation incorrectly. Equation not entirely correct. Does

not matter if incorrect coefficients are never used.

3 Does not attempt to balance equation. Uses an unbalanced equation.

Does not see need for balancing equation. Student starts the

problem.

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Uses equation correctly in solving problem. Sets up with ratios

corresponding to bow he balanced the equatiqn.

2 Uses equation incorrectly in solving problem. Uses the wrong

coefficients or inverts them, etc. (except for errors that

occur in balancing only). Interprets coefficients as grams.

3 Doesn't use the equation in solvingproblem. Uses some other

method or forgets about coefficients. Student starts the

problem.

Problem 2

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Checks to see that,equation is balanced. Overtly says he is

checking the equation.

2 Does not check to see that equation is balance. It is not apparent

from tape or sheet that equation was checked.

0 Doesn't get this far. Says he' doesn't know how to do problem.

Just Toesn't begin.
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1 Uses equation correctly in solving problem. Sets up with ratios
corresponding to those in equation.

2 Uses equation incorrectly in solving problem. Uses wrong
coefficients or inverts t umn, etc. Interprets coefficients
as grams.

3, Does not use equation in solving problem. Uses some other method
or forgets about coefficients.

Problem 3

Cl Doesn't get this far. Says'he doesn't know how to do problem.
Just doesn't begin.

1 Checks to see that equation is balanced. Overtly sayste is,
checking the equation.

2 Does not check to see that equation is balanced. It is not apparent
from tapeffiet that equation was checked.

0 Doesn't get this far. Says he doesn't know how to do_problem.
Just doesn't begin.

1 1Lsesncorrecy&tlfordetermininexcess. Uses the coefficient§

2

3

correct y.

Uses equation incorrectly for determining excess. Makes some error
but still uses equation. Interprets coefficients as grams.

V
Does not use equation for determining excess. Uses some other method

or forgets about coefficients. Student starts the problem.

"0 Doesn't get this far. Says
Just doesn't begin.

I Uses equation correctly for
correctly.

he doesn't know how to do problem.

determining product. Uses the coefficients

2 Uses the equation incorrectly for determining product. .Makes some error
but still uses equation. Tnterprets coefficients as grams.

3 Does not use.equation for determining product. Uses some other method or
forgets about coefficients. stuaent starts the problem.

S.

675
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MOIAltITY PROBLINS

1. 0 Doesn't get this far 5

1 Doesn't calculate molecular weight 6

2 Calculates molecular weight incorrectly 7

3 Calculates molecular weight correctly 8

4 Uses molecular weight incorrectly 9

0 Doesn't get this far 5

1 Doesn't use definition of molarity 6

2 Uses definition of molarity incorrectly 7

3 Uses definition of molarity correctly 8

4 Error in mL-L conversion 9

2. 0 Doesn't get this far` 5

-1 Realizes that volump changes 6

2 Fails to uge volume change 7

3 1 and 2 8

4 Uses volume-change correctly

0 Doesn't get this far , 5

1 Doesn't use-definition of molirity 6

2 Uses definition of-molarity incorrect) i 7

,3 Uses definition ox molarity correctly 8

'4 Error in mL-I, conversion 9

3. 0 Doesn't get this far- 5

I Doesn't calculate molecular weight . 6

2.. Calculates molecular weight incorrectly 7

3 Cdlculates molecular weight correctly 8

- 4 Uses molecular weight incorrectly 9

0 Doesn't get this far
1 Realizes equation must he used

/4 Uses balapeed equation incorrectly
Uses balanced equation correctly

4 Doesn't realize equation must be used

Doesn't get this far
1 Doesn't use definition of molarity
2 Uses definition,of molarity incorrectly

3 Uses definition of molarity correctly

Student Maker

593

Uses molecular weight correct'-

2 and 4
2 and 5
3 and 4
3 and 5

1 and 4
2 and 4
3 and
Both definition and mL -L change correct

Changes or vice versa correctly

Uses volume change incorrectly
Works with vol.change correctly, stops
Doesn't get final volume
Otaer

1 and 4
2 and 4
3 and 4
Both definition and mL -L change correct

2 and 3

Uses molecular weight correctly
2 and 4
2 and 5
3 and 4
3 and 5

'
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Description of Special Coding Form

Problem 1

594

0 Doesn't get this far. Says he doesn't know how to do problem.
Just doesn't begin.

1 Doesn't 'alculate molecular weight. Uses something else.
Assume student gets this far.

2 Calculates molecular weight incorrectly. Makes an error in adding,
uses wrong numbers. Do not mark for correct molecular weight
of wrong substance.

3 Calculates molecular weight correctly. Geis correct weight even if
substance is not proper one.

4 Uses molecular weight incorrectly. Makes terror (other than arithmetic).
Mhy Lige molecular weight of wrong substance.

5 Uses molecular weight correctly. Ustemolecular weight to find moles
or grams. Disregarlomdthmeticerrors.

2 and 4 Both errors made.

7 2 and 5

8 3 and 4

9 3 and 5 Problem correct except for arithmetic errors.

0 Doesn't get this far. Says he doesn't know how to O8 problem.
Just doesn't begin.

Doesn't use definition of molarity. Uses something else.
'Assume student gets this far.

2 Uses definition of molarity incorrectly. inverts terms or does
\something else using molarity.

3 Uses definition of molarity correctly. Process correct. Disregard
arithmetic errors.,

4 Error in mL - L conversion. Makes error, include decimal but not

arithmetic. Fails to make the mL - L change.

5 1 and 4 Makes both errors.

6 2 and 4 Makes both errors.

7 3 and 4

677
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8 Both definition and mL - L change correct. Problem essentially

correct except for arithmetic errors.

9 Changes mL - L or vice versa correctly.

Problem 2
-:``

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

,1 Realizes that volume changes. Makes statement or infers it changes.

2 Fails to use volume chan.e. Doesn't incorporate, it in the problem -1

-----ay not realize tta t changes.

3 1 and 2

4 Uses volume change correctly. Correct proicess. Disregard arithmetic

errors. lk

5 Uses volume change incorrectly. Inverts Ambers, adds, divides, etc.

6 Works with volume change correctly and stops. Gets only part way.

7 Doesn't get final volume. Forgets last step in adding or subtracting

volumes.

. 8 Other

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Doesn't use definition of molarit . Uses something else.

suave st ent gets t is ar.

2 Uses definition of molarit incorrectl . Inverts terms or does something

else using molarity. Stott c mar'ed if in part of problem,

definition is used incorrectly.

3 Uses definition of muiarity correctly. Process correct. nisregard

arithmetic errors. Should be marked if in part of problem,

definition is used correctly.

4 Error in mL - L converstion. Makes error, include decimal but not

arithmetic. fails to make the mL - L change.

S' 1 and 4 Makes both errors.

6 2 and 4 Makes both errors.

7 3 and 4

8 Both definition and mL - L change correct.

9 2 and 3° For different parts of the problem.

G7z3
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Problem 3

0 Doesn't get this.far. Says he doesn't know how to do problem.
'Just doesn't begin.

1 Doesn't calculate molecuIarfweight. Uses something else.
Assume student gets this far.

2 Calculates molecular weight incorrectly. Makes an error in
uses wrong numbers. ho not mark for correct molecular
of wrong substance.

Calculates molecular weight correctly. Gets correct weight
substance is not proper one.

Uses molecular weight incorrectly. Makes error (other than
May use molecular weight of wrong substance.

Uses molecular weight correctly. Uses molecular weight to find moles
or grams. Disregard arithmetic errors.

4

5

6

7

8

9

adding,
weight

even if

arithmetic)

2 and 4 Both errors made.

2 and

3 and 4 ,

3 and 5 Problem correct except for arithmetic errors.

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Realizes equation must be used. Makes a statement that the equation

is required.

2 Uses balanced equation correctly. Uses correct ratios.

3 Uses balanced equation incorrectly. Uses wrong ratios, wrong substances,

grams instead--of moles, etc.

4 Doesn't realize equation must be used. Works problem without reference
to equation.

0 Doesn't get this far. Says he doesn't know how to do problem.

Just doesn't begin.

1 Doesn't use definition of molarity. Uses something else.

Assume student gets this far.

2 Uses definition of molarity incorrectly. Inverts terms or does

something else using molarity.

3 Uses definition of molarity correctly. Process correct. Disregard

arithmetic errors.

67;
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