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ABSTRACT

Wesley, Beth Eddinger. Ph.D., Purdue University, December 1983. The 
Effects of Computer-Assisted Instruction and Locus of Control Upon 
Preservice Elementary Teachers' Acquisition of Computer Literacy and 
the Integrated Science Process Skills. Major Professor: Gerald H,
Krockover.

The purpose of this study was to determine the effects of computer- 

assisted instruction (CAI) versus a text mode of programmed instruction 

(PI), and the cognitive style of locus of control, on preservice elemen

tary teachers' achievement of the integrated science process skills 

and computer literacy. Eighty-one female preservice elementary teachers 

in six sections of a science methods class were classified as internally 

or externally controlled. The sections were randomly assigned to receive 

instruction in the integrated science process skills via a microcomputer 

or printed text. The study used a pretest-posttest control group design. 

Before assessing main and interaction effects, analysis of covariance 

was used to adjust posttest scores using the pretest scores.

Statistical analysis revealed that main effects were not signifi

cant. No differences were found between achievement of the integrated 

science process skills or computer literacy of individuals receiving the 

CAI and printed PI treatments. Additionally, no differences were found 

between internally and externally controlled individuals in their achieve

ment of the integrated science process skills or computer literacy. 

However, a significant (p < 0.05) aptitude by treatment interaction was 

found. Differences in adjusted posttest scores of externally controlled
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individuals favored the CAI mode. There were no differences between 

treatments when internally controlled subjects were considered.
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INTRODUCTION

Background

Because of their widespread use in all aspects of our society, 

computers have assumed a pervasive role in our everyday life. The 

computer is no longer a tool to be used in industry and research.

Making a bank transaction or telephone call, voting, registering for 

classes, purchasing items at a grocery store and making plane reserva

tions are all activities which normally require the aid of a computer.

Masat (1981) stated that as the United States becomes more of an infor

mation-oriented society, a computer literate populace is as important as 

energy and raw materials. Without some form of computer literacy, many 

individuals will be excluded from present and future job markets.

Indeed, Luehrman (1980) insists that, "computing plays such a crucial 

role in everyday life and in the technological future of this nation that 

the general public's ignorance of the subject constitutes a national 

crisis" (p. 98).

Computer literacy has been designated by the Board of Directors of the 

National Council of Teachers of Mathematics (1978) as "an essential out

come of contemporary education" (p. 468). Since the 1950's the computer 

has also had the potential to individualize instruction, improve school 

productivity, and assist in the management of education (Splittgerber,

1979). "Thus, computers are important in education not only as an 

object of instruction, but also as a medium of instruction." (Battista
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and Krockover, 1982, p. 14) The dramatic reduction in costs made possible 

by microtechnology and mass production has resulted in the widespread 

aquisition of microcomputers in homes and in schools. The availability 

of microcomputers in a variety of educational settings has made it 

possible for every learner to acquire computing skill and develop an 

understanding of the role of computers in society.

The computer literacy curriculum is still in its Infancy. Although 

opinions vary widely concerning what constitutes computer literacy, it 

implies knowledge of the capabilities, limitations, applications and 

implications of computers (Lopez, 1981). As a result, the entire educa

tion community shares responsibility for incorporating the microcomputer 

into school programs. However, the effectiveness of any efforts are 

chiefly dependent on one person— the computer literate classroom teacher 

(Zalewski, 1982; Moursund, 1980). One of the most critical barriers 

to the effective and widespread instructional use of computers is the 

lack of knowledge among educators (Foreman, 1982; Pratscher, 1981;

Charp, 1981; Mossman, 1980; Luehrman, 1980). This problem overshadows 

ail other problems, such as availability of hardware, software or course

ware, and teacher, administrative, school board or parental support 

(Moursund, 1980).

Dickerson and Pritchard (1981) warn that, "Educators must face the 

possibility that they will be major contributors to computer illiteracy 

if priorities are not given to the implementation and use of this 

(computer) technology" (p. 8). Furthermore, the authors contend that 

computer illiterate student educators graduating from higher education 

represent a major problem contributing to the literacy crisis. Teacher 

education institutions must prepare preservice elementary school teachers
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to utilize, develop and experiment with the capabilities of the computer 

resource. Certainly a course in computer education could address these 

needs, but this may not be feasible in many preservice elementary teacher 

programs which lack space for an additional course (Sherwood ejt al.,

1981). Another way to introduce computer instruction to preservice 

elementary school teachers is to implement its use in existing preser

vice courses at the college level. Computer-assisted instruction (CAI) 

used in preservice elementary school teachers' courses would enable 

them to learn with the computer. At the same time they would be learn

ing about the computer (Battista and Krockover, 1982).

There is no one educational approach which is best for all students. 

Many independent student-related variables can interact and affect 

learning through CAI. Because of this, global comparisons between 

groups receiving CAI and some other form of instruction may be inappro

priate. Aptitude-treatment interaction (ATI) studies attempt to 

determine aptitudes which can predict which one of several learning 

methods might help different individuals achieve similar educational 

objectives (Glaser, 1972). Information from these studies should help 

educators adapt educational environments to accomodate variations in 

individual learners’ characteristics, backgrounds, cognitive processes, 

and learning styles. Research on locus of control may help educators 

make specific recommendations for the use of CAI in individualizing 

educational settings (Dence, 1980).

Locus of control is an affective learner characteristic which may 

account for differences in learning through CAI when compared with 

learning through other instructional media. It is defined as a generalized 

expectancy for internal or external control of reinforcements (Stipek and 

Weisz, 1981). Internally controlled individuals see a contingency
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between events in which they are involved and their own behavior or a 

relatively permanent characteristic such as ability. In contrast, 

individuals with an external locus of control do not perceive a contin

gency between their own actions and events in which they are involved. 

Instead, they believe events are caused by factors beyond their control, 

such as luck or task difficulty. Because of this, in the area of 

academics, externally controlled individuals are less likely to delay 

gratification; i.e., they are less likely to deny themselves immediate 

reinforcement, such as play, for deferred reinforcement, such as good 

grades (Stipek and Weisz, 1981). Perhaps external individuals would 

benefit more than their internal peers from the external control inher

ent in CAI (i.e., the student must interact with the materials as the 

programmer intended) than from printed programmed instruction with 

which it would be possible to by-pass sections of material or look at 

answers without first forming responses to questions.

This study was designed to determine if CAI via the use of a 

microcomputer could significantly promote gains of preservice elementary 

school teachers in the integrated science process skills and computer 

literacy. In addition, it investigated the possible interactive effect 

of locus of control and mode of instruction.

Statement of the Problem 

This study attempted to answer the following questions:

1) Do preservice elementary teachers receiving CAI in a science 

education methods course score higher on 1) the Minnesota Computer 

Literacy and Awareness Assessment (MCLAA), and 2) the Test of Integrated 

Science Processes (TISP), than preservice elementary teachers receiving 

printed programmed instruction in a science education methods course?
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2) Do preservice elementary teachers* loci of control (internal 

versus external) interact with mode of instruction (CAI versus text 

mode) to yield differences in scores on 1) the MCLAA, and 2) the TISP?

Basic Assumptions 

The following assumptions were basic to this study:

1) Developing computer literacy skills is desirable for the 

training of preservice elementary teachers.

2) Mastering the integrated science process skills is desirable 

for preservice elementary teachers.

Limitations of the Study 

This study was limited to preservice elementary teachers enrolled 

in a science methods course at Purdue University, in West Lafayette, 

Indiana, during either the Fall, 1982 or Spring, 1983 semester. Subjects 

learning through CAI spent four, one-half hour sessions utilizing the 

microcomputer.

Definitions of Terms 

The following key words are defined as they were used in this study.

Computer-Assisted Instruction (CAI)

Computer-assisted instruction involves the utilization of the 

computer and a computer program to assist in the presentation of learning 

materials. The student engages in a dialogue with a computer program 

to achieve a well-defined and measurable understanding or skill. Possible 

forms of instruction would include: tutorial, drill and practice, problem 

solving, gaming, and simulation (Splittgerber, 1979). In this study the 

tutorial mode was used. Students were presented with new material using 

a programmed instructional approach.



www.manaraa.com

6

Computer Literacy 

There is no widely accepted definition of computer literacy. 

Generally, it implies a knowledge of the capabilities, limitations, 

applications and implications of computers (Lopez, 1981). For this 

study, computer literacy was defined by the instrument used to measure 

it, the Minnesota Computer Literacy and Awareness Assessment (see 

Appendix A for cognitive and affective test objectives).

Integrated Science Process Skills 

The Integrated Science Process Skills are those abilities associated 

with planning, conducting and interpreting results from investigations. 

They include: formulating hypotheses, operationally defining, controlling

and manipulating variables, planning investigations, and interpreting 

data (American Association for the Advancement of Science, 1968). For 

this study, skills were defined and determined by the Test of the Inte

grated Processes (TISP; Tobin and Capie, 1982a).

Locus of Control 

Locus of control is, ". . . the perception of events, whether 

positive or negative, as being a consequence of one's own actions and 

thereby potentially under personal control . . . "  (Lefcourt, 1976, 

p. 29). The locus of control construct is described along an internal- 

external continuum, related to the extent to which an individual per

ceives his/her destiny as being self-determined. A person has an external 

locus of control if he/she believes external factors such as luck, chance, 

fate or powerful others are responsible for the outcome of events. In 

contrast, a person possesses an internal locus of control if he/she
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believes that his/her own ability or effort is a controller of events 

(Cohen, 1982). For this study, locus of control was defined by the 

instrument used to measure it, the Multidimensional-Multiattributional 

Causality Scale (MMCS; Lefcourt et al.. 1979).

Programmed Instruction (PI)

Programmmed instruction involves teaching materials which possess 

the following characteristics (Fry, 1963):

1. Subject matter is broken up into small units.

2. Active participation is required from the student.

3. The student is provided with immediate feedback reinforcement.

4. The units are arranged in a careful sequence.

5. Programs are aimed at specific goals.

6. Revisions in programs are based on student responses.

7. Students work through programs at their own pace.



www.manaraa.com

8

REVIEW OF LITERATURE

The major concern of this study was determining the effect of CAI 

on the computer literacy and integrated science process skills of pre

service elementary teachers. It additionally focused on the effect that 

locus of control may have on achievement through a computer-assisted 

versus a printed text mode of instruction.

The review of research and literature related to this study will 

address the following areas: 1) programmed instruction, 2) computer-

assisted instruction, 3) computer literacy, 4) science process skill 

instruction for teachers, and 5) locus of control. The term computer- 

based instruction (CBI), which is generally agreed to include computer- 

assisted instruction and computer-managed instruction, is recently being 

used more frequently to describe computer instruction. For the purpose 

of clarity in this review, research labeled in the literature as CBI 

will be referred to as CAI research, if that is the specific type of 

computer instruction that is being described.

Programmed Instruction

Programmed instruction (PI) is a teaching technique which has stimu

lated much research. Cronbach and Snow (1977) reported that studies on 

the interaction of abilities with variations in instructional programming 

". . . represent the most extensive body of cumulative knowledge that 

exists regarding any one kind of ATI" (p.213). The characteristics of
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PI are closely linked with the ideas of B.F. Skinner (1954). He proposed 

that learning can be fostered by means of a series of carefully structured, 

small steps, leading to a desired behavior, provided each correct step 

is reinforced by some kind of favorable experience. Skinner constructed 

a mechanical device, known as a teaching machine, which presented infor

mation in a manner which he felt satisfied many of the conditions neces

sary fot learning.

The key features of Skinnerian type programmed instruction are:

1) a logical sequence of small steps, 2) active participation by the 

student, 3) immediate feedback, and 4) self-pacing. Recent programs 

may include more materials in each step, fewer requests for responses, 

requests for more complicated responses, and sequences which are more 

complex. Thus, students may be branched into remedial lessons or more 

advanced units depending on their responses (Kozma, 1978). Use of the 

Skinnerian teaching machine was adapted to the less expensive printed 

instruction known as programmed text. Numerous methods of delivery for 

PI have since been developed, one of the most promising being the 

computer (Silberman, 1962; Edwards and Tillman, 1982).

Research on the effectiveness and efficiency of programmed instruc

tion has been extensively reviewed. Silberman (1962) examined 80 studies 

on PI, most of which had been conducted within the previous three years, 

using adults or college students as subjects. The studies concentrated 

on three problem areas: 1) comparisons of different response modes;

2) method of eliciting desired responses from the student--step size, 

sequencing, prompting methods and confirmation methods; and 3) adaptation 

of programs to individual programs--branching, pacing and repetition.
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Silberman concluded,

"Beyond demonstrating that a carefully written set of 
materials will teach if a student will spend enough time studying 
them, we have little unequivocal evidence for principles of 
programmed instruction . . .  The most consistent finding in 
these studies is that no significant difference is obtained 
among treatment comparisons. When significant differences are 
obt-’.ned, they seldom agree with findings of other studies on 
the same problem."

In his summary of 15 field tests which made more global comparisons of 

programmed and conventional instruction, he concluded that the results 

of the learning scores generally favored programmed over conventional 

instruction. Also the PI usually required less training time.

Schramm (1964) reviewed 36 reports comparing PI with conventional 

classroom instruction. Half of the studies showed no significant differ

ence for students learning from programs. Seventeen studies reported 

that PI resulted in significantly superior results while one study showed 

superiority for students in conventional classes. Furthermore, eight of 

the studies reported that less time was needed for the PI.

In a comprehensive review, Nash jet al. (1971) examined over one 

hundred published empirical studies on PI. They were concerned about 

researchers' obsession with statistically significant findings and 

obliviousness to whether the findings had practical implications. There

fore, they defined and summarized the results of studies in terms of 

practical effectiveness, i.e., how many studies found a difference 

between two methods that were statistically significant at the ten 

per cent level or higher. Their findings were three-fold: 1) on the

average, PI required one-third less training time than conventional 

methods, 2) 21 out of 113 of the comparisons favored PI for the immediate 

learning variable, and 3) four of 30 comparisons favored PI when retention
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was considered. Results also seemed to show that programmed methods 

applied in industrial settings had slightly more positive results than 

those in academic situations.

In their review of research evaluating the effectiveness of PI,

Jamison £t al. (1974) concluded that PI is as effective as traditional 

instruction and may result in decreasing the amount of time necessary 

for achievement of specific educational goals. Costin (1972) compared 

the lecture method with other forms of teaching, including PI. In 12 

of the studies, where the comparison was based on a brief segment of 

class time, he found the differences between the effect of lecture and 

self-instruction programs on students' aqulsition of information to be 

inconsistent. Summarizing the findings of studies involving comparisons 

based on complete courses, he reported that guided reading and study 

which promote active response, such as programmed methods, " . . .  possibly 

may have an advantage over the traditional lecture method of promoting the 

aqulsition of information" (p. 22).

Kulik and Jaska (1977), compared achievement using PI and conven

tional instruction in nine studies at the college level. In three of the 

courses, achievement was significantly higher in the PI groups. There 

was no significant difference in the six remaining classes. Only one 

study provided data on long-term retention; it reported no significant 

difference between the two methods. A time savings with PI was reported 

in two of the three studies that measured that criterion.

Cronbach and Snow (1977) conducted a comprehensive review of litera

ture related to the interaction of abilities with variations in instruc

tional programming. They found that the claim that PI enables low ability 

students to learn as much as high ability students was thoroughly disproved.



www.manaraa.com

12

Outcomes from PI were correlated with initial test scores in the majority 

of the studies. They concluded that in studies of long-term PI, general 

aptitudes predicted outcomes. More recently, Willett et a K  (1983) 

reported on their meta-analysis of dissertations, journal articles and 

unpublished articles concerning instructional systems applied in 

science teaching to students in grades kindergarten through 12. A total 

of 52 effect sizes were obtained for PI. The mean effect size produced 

was 0.17 with a standard deviation of 0.48, indicating that, on the 

average, the PI was about one-fifth of a standard deviation better than 

conventional science teaching.

Based on the reviews summarized here, results obtained from 

research on PI seem to indicate that it requires less time than conven

tional instruction. However, when end-of-treatment performance is used 

as the criterion, evidence favoring PI is generally weak or nonexistent.

In their reviews, several researchers commented on the quality of 

studies they examined and difficulties they had in interpreting studies. 

Silberman (1962) reported regarding the experiments he reviewed, that 

". . . it was not uncommon to find very short programs, administered in 

one or two hours to small samples of highly motivated students who 

viewed the program as a test, followed immediately by a hastily impro

vised quiz" (p. 17). Willet £t a K  (1983) concurred with Silberman that 

studies comparing PI and conventional instruction seldom described the condi

tions of the conventional instruction. Nash £t al_. (1971) asserted that 

". . . the most evident conclusion about the effectiveness of PI is 

that the research completed on the topic is methodologically very 

poor" (p. 408). They maintained that in many instances the number of
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subjects was small and there were no controls; In others, important 

variables were not controlled. A greater proportion of unusually high 

results favoring programmed materials were found in the lowest quality 

studies, suggesting overall findings in favor of programmed materials 

may have been exaggerated. Finally, the terms FI and conventional instruc

tion do not define treatment conditions. Variation within each category 

made generalizations concerning overall results of studies on the 

methods difficult.

Computer-Assisted Instruction 

Overview

Computer-assisted instruction (CAI) involves "the direct use of 

the computer to assist, replace, or enhance the instructional process.

CAI can include software programs described as drill and practice, 

tutorial, problem-solving, simulations, gaming, and informational " 

(Johnson, 1983). Before the early 1960's CAI projects were virtually 

nonexistent. During the 1960's most projects were developed in univer

sity research settings. Beginning in the 1970's, school districts 

started to offer their own CAI courses (Jamison et al.. 1974). As the 

use of CAI has increased, so has the research documenting its effective

ness. This overview will provide a summary of research on the effec

tiveness of CAI.

Visonhaler and Bass (1972) summarized the findings of ten indepen

dent studies on CAI drill and practice in language arts and mathematics 

at the elementary level. The studies involved more than 20 separate 

experiments and approximately 10,000 subjects. Their results showed a 

substantial advantage for traditional instruction supplemented with CAI.
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On standardized achievement tests, CAI groups had performance gains of 

one to eight months over groups receiving only traditional instruction.

In their review of the effectiveness of alternate instructional 

media, Jamison <et al. (1974) examined research on drill and practice 

CAI programs in elementary mathematics and reading, and also some CAI 

studies conducted at the college level. They reported that no simple 

uniform conclusion could be formed about the effectiveness of CAI. At 

the elementary level, it seemed to be effective as a supplement to regu

lar instruction. For subjects at the secondary and college levels, CAI 

was about as effective as traditional instruction when it was used as a 

replacement. They noted that in some cases, CAI resulted in substantial 

savings of student time.

Edwards e_t a_l. (1975) reported their generalizations concerning 

CAI effectiveness, based on a review of the research. All of the studies 

examined showed that normal instruction supplemented by CAI was more 

effective than normal instruction alone. When CAI was substituted for 

traditional instruction, nine studies showed higher achievement for CAI 

subjects, eight studies reported no difference, and three studies showed 

showed mixed results. Nine studies included data comparing time required 

for learning by each method. Although evaluation of the studies showed 

CAI does not always result in greater achievement, all nine studies 

showed that it took less time for students to learn through CAI than 

through other methods.

Following a review of the research literature on CAI, Rapaport 

and Savard (1980) concluded that the evidence was not strong enough to 

support teaching by CAI exclusively; however, they also reported that 

research findings made it clear that CAI was an effective supplement to 

traditional instruction.
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Gleason (1981) offered the following personal synthesis of research 

findings following a sabbatical leave during which he observed and 

discussed CAI research activities at various institutions (p. 16);

1. CAI can be used successfully to assist learners in 
attaining specified instructional objectives.

2. There appears to be a substantial savings in time (20 
to 90 percent) required for learning as compared to "con
ventional" instruction.

3. Retention following CAI is at least as good if not 
superior to retention following conventional instruction.

4. Students react very positively to good CAI programs; 
they reject poor programs.

Using meta-analysis methodology, Hartly (1977) synthesized the 

data of 153 studies concerning the effectiveness of four techniques of 

mathematics instruction. The four techniques were CAI, cross-age and 

peer tutoring, individual learning packets, and PI. The efficacy of 

each technique was evaluated by comparing the achievement of subjects 

taught by a particular technique with the achievement of students 

taught by traditional instruction. She found CAI less effective than 

tutoring but more effective than individual learning packets or PI. In 

a later review, Burns and Bozeman (1981) also used meta-analysis to 

examine 40 studies regarding the effectiveness of computer-assisted 

mathematics instruction at the elementary and secondary level. Their 

analysis indicated a significant enhancement of mathematics learning 

in instructional environments supplemented by CAI.

Kulik £t al. (1980) used meta-analysis to integrate the findings 

of 59 independent evaluations of CAI conducted from 1967 to 1978 at the 

college level. CAI raised student achievement by an average of one- 

quarter of a standard deviation in 54 studies which addressed that



www.manaraa.com

16

criterion. Eleven of the 59 studies compared student attitudes in the 

computer-assisted and conventional classes and, in general, showed a 

small but significant positive effect of CAI on the attitudes of students 

toward instruction and subject matter they were studying. Eight inves

tigators examined the amount of time required for each method of instruc- 

tion--on the average, about two-thirds the time required by conventional 

instruction. The researchers emphasized that there is little doubt 

that the computer can reduce time spent in instruction. Finally, they 

found little relationship between experimental outcomes and design 

features of experiments, settings for the experiments, or manner and 

date of publication of the experiments.

In a later review, Kulik ££ al. (1983) integrated the findings of 

51 independent evaluations of CAI in grades six through twelve. They 

reported that CAI raised final examination scores by an average of

0.32 standard deviations (i.e., from the 50th to the 63rd percentile). 

Also, computer-taught students developed positive attitudes toward the 

computer and the course they were taking. Only two studies reported 

comparative data on time necessary for instruction. Both showed that 

the computer substantially reduced the amount of time necessary for 

learning. Furthermore, the authors reported that the effects of CAI 

appeared to be much larger for disadvantaged and low aptitude students 

than for talented students.

By combining information from his own meta-analysis and that of 

Hartley (1977), Kulik (1981) studied the interaction of mathematics 

instructional level with method of instruction. He found positive 

effects for CAI in the elementary level which fell off at the secondary 

level and were not much more effective than traditional instruction
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at the college level. He suggested that the stimulation and guidance 

provided by CAI may be more important at lower levels of instruction 

and possibly even counter-productive at higher levels.

Recently, Willet £t al. (1983) reported the results of their meta

analysis of 130 independent studies of a wide variety of instructional 

systems applied to science teaching. Sources of the studies included 

dissertations, journal articles and published studies beginning in 1930. 

In five relevant studies, they found practically no advantage for CAI 

over traditional science instruction (mean effect size = 0.01, standard 

deviation ■ 0.74).

Computer-Assisted Instruction Versus Printed Programmed Instruction

Research literature abounds with reports of studies comparing the 

results of a highly structured method, such as CAI or programmed text, 

with results from less structured methods of instruction, such as 

lectures or conventional texts (Edwards ejt al_. , 1975; Kulik et al,, 1983; 

Kulik et al.. 1980; Burns and Bozeman, 1981). However, Gleason (1981) 

described these studies as futile because of the impossibility of 

controlling the numerous significant variables which interact in most 

instructional settings. Media effects are often confounded with effects 

such as individualization, prestructuring, and even curricular content.

He reported that few serious researchers are now interested in compara

tive CAI studies. Current research tended to focus on such problems as 

determining which CAI strategies are most effective.

Although tutorial CAI and printed PI share many common instruc

tional features, they are different, and each has advantages over the 

other. For example, one advantage of programmed text is that it is
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portable and, therefore, may be studied in a variety of places (Masuo 

and Furuta, 1981). Avner et al. (1980) maintained that, to justify 

the selection of CAI over other, less costly alternatives, data must 

be collected which demonstrates a clear learning advantage for CAI over 

alternative media. For example, programmed texts may be less costly and 

still provide the same high amount of structure, self-pacing, and time 

savings that result from learning through CAI.

An often cited advantage of CAI is its ability to supply rapid 

feedback without the need to turn pages (Dence, 1980). Swenson and 

Anderson (1982) reported that, ideally, the interval between the response 

and the reinforcer should be 0.5 seconds. Eisele (1980a) noted that the 

speed with which computers can process a response and provide feedback 

is possibly the greatest attribute of this delivery system. However,

CAI studies have shown that delay of feedback for 15 seconds or until 

the end of the session, compared to immediate feedback, did not result 

in decreased learning of material and could significantly improve reten

tion (Gaynor, 1981; Rankin and Trepper, 1978).

Anderson et_ al_. (1971) cited eight studies of PI which showed that 

programs teach as well, or in one study better, when feedback after 

each frame was omitted than when feedback after each frame was included. 

They reasoned this was because, in short-circuiting the instructional 

task, students using workbooks or programmed texts could gain access to 

correct answers before actually composing their own responses. To test 

their theory, the researchers had 188 students in an introductory 

psychology class complete a programmed lesson using CAI. They found 

that subjects who received feedback after they responded learned signifi

cantly more than subjects who received no feedback or could look at
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answers before they responded. A similar study reported the next 

year (Anderson £t al., 1972) confirmed that performance was signifi

cantly better when feedback had been provided after, rather than before, 

the response. It appears that feedback facilitates learning only if 

contingent upon complete responses. Anderson ej; a*l. (1971)^ noted that 

their use of a computer-based instructional system, unlike previous 

studies which used alternate media such as programmed text for presenta

tion of instruction, supplied an external control which insured that 

subjects responded before they received knowledge of the correct responses.

When learning through CAI, the student must interact with the 

material as the programmer intended. Bypassing sections is not possible, 

as it is with a programmed text. Dean (1977) argued that external 

discipline is necessary if learning is to occur, and that this is the 

very ingredient missing from programmed self-study in text form. Based 

on a review of a limited number of studies of student control in CAI, 

Steinberg (1977) reported that students given complete control of 

course flow generally achieved as much as students who did not have 

that option. However, students who were poor performers in a subject 

learned least when given total control over course flow due to the 

inefficient instructional strategies they chose to use.

Studies with other media (e.g., Gropper and Lumsdaine 1960;

Cropper and Lumsdaine, 1961) suggest the advantage of active student 

response in learning. Edwards and Tillman (1982) asserted that computer/ 

student interaction is very difficult to achieve in other media.

Schurdak (1967) evaluated the use of computers in teaching a 

portion of a college course to 48 graduate and undergraduate students. 

Students were divided into groups which learned a portion of a FORTRAN
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course by three treatments--computer in addition to conventional text, 

programmed text, and conventional text. They concluded that, at least 

for materials and a student population similar to those in their studies, 

computers can bring real advantages to the instructional process.

Students in the computer group scored significantly higher on an achieve

ment test than the other two groups. Additionally, the CAI treatment 

was more advantageous for students of lower aptitudes than for s t u d e n t s  

with higher aptitudes. "The differential treatment given to t h o s e  whose 

course performance signified the need for additional assistance resulted 

in a substantial improvement in the performance of students of lesser 

ability" (p. 72). A weakness of their study was the confounding effect 

of variations in content included within each treatment.

In a later study, Walter and Lutta (1969) compared the effect of 

a FI text and a comparable CAI version of the same material upon the 

learning of mathematics by eighth graders. Criteria used included immedi

ate posttest scores, retention scores, number of errors in the learning 

program and learning time. In contrast to the findings of Schurdak (1967), 

they discovered that students using the PI text performed significantly 

better than those using CAI, and high ability students performed better 

than low ability students. They attributed the differences to the very 

poor performance of the low ability students receiving the CAI treatment 

and suggested that low ability students might need hard copy memory aids 

to supplement CAI instruction.

Blitz (1972) investigated the ways in which personality characteris

tics affect performance on CAI and programmed text. Fifty-one dental 

students in an oral pathology course were divided into two groups. One 

group took the first half of the course on CAI and the second half on
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programmed text. The other group took the first half of the course on 

programmed text and the second half on CAI. Their scores on a final 

achievement test were keyed to their instruction by both CAI and 

programmed text and analyzed on the basis of personality characteristics 

and academic aptitudes. None of the academic aptitudes produced ATI 

effects. Five of the personality variables did produce ATI effects. 

Students described as deferent, orderly, nuturant and endurant performed 

better with the programmed text and those characterized as aggressive 

performed better with CAI. The author hypothesized that, "Students 

performed better on that mode of instruction which filled the particular 

needs of their personality."

Masuo and Furuta (1981) used 34 university students in an economics 

course to examine the effects of CAI versus a text mode upon achieve

ment. Half the class completed a PI tutorial on "cost of credit" on 

computer, while the other half completed the same tutorial as a progransned 

text. The investigators found no main treatment effects. However, an 

interaction between prior knowledge and instructional mode was reported. 

Analysis of the interaction indicated that lower aptitude students 

experienced a greater benefit from the CAI mode than did higher aptitude 

students.

A study by Boettcher jet al. (1981) compared the learning effective

ness of CAI and printed PI specifically in the cognitive categories of 

knowledge and application. For 83 baccalaureate nursing students 

divided into two groups, one learning by CAI and the other by printed PI, 

there was no significant difference in the initial amount learned or the 

retention at either cognitive level.
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Avner ejt al̂ . (1980) reported their research which was designed to 

provide unambiguous evidence for a unique advantage of CAI as an instruc

tional medium. They hypothesized that a computer’s capability to 

provide active individualized control over student interaction made it 

superior to other competing media. Almost 700 chemistry students, over 

a period of two semesters, were provided with one of two sets of CAI 

materials designed for laboratory projects. They were identical in 

every way except one--one set required that the students give responses 

during the lesson that indicated understanding of the content being 

presented, and the other set allowed students to work through the material 

by simply pressing a key. The researchers judged subjects' laboratory 

performance by tallying the presence or absence of specific types of 

errors in their laboratory work. Few errors were made in laboratory 

sessions solely requiring that students follow instructions, and there 

were no significant differences in errors between students in the two 

groups. However, in sessions when students were required to make deci

sions based on an understanding of principles behind the experiment, 

interactive versions of the materials resulted in significantly better 

performance by students. Additionally, students who used the interac

tive CAI materials took less time to complete accompanying laboratories. 

Based on their results, the researchers asserted the superiority of 

active learning over passive learning and of CAI as a medium which could 

uniquely provide this feature.

In previously cited research articles, authors have frequently 

cautioned against using their data to make broad generalizations about 

learning through CAI. Masuo and Furuta (1981) suggested that PI and CAI 

do not define a treatment. Factors such as content, step size, pacing,
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duration of instruction and teacher enthusiasm can contribute to an 

infinite variety of conditions. Therefore, PI and CAI are just labels 

for true treatment conditions. Avner (197S) concurred that CAI is a 

medium and not a treatment. He added that there is no guarantee that 

instructional techniques, possible with CAI, which are effective in one 

situation, will be effective in another situation. Research by Dennis

(1979) showed that hardware variables such as display rate (10 and 30 

characters-per-second) and memory support (12-line window, 24-line 

window and unrestricted viewing access to hard copy printout) exerted 

an influence upon students' interaction with CAI courseware. Rahmlow 

(1982) maintained that too often computer systems were unfairly compared 

with other delivery systems such as PI. In spite of the fact that 

instructional programs between the two varied, comparisons were erroneous

ly made of the media. Boettcher e_t al. (1981) emphasized that it is 

how CAI is used rather than the fact that it is used that determines 

learning effectiveness.

Computer Literacy 

Because computers have assumed such a pervasive role in everyday 

life, educators agree that all students should become computer literate. 

Molnar (1981) stated that we are moving from an industrial to an informa

tional society. He warned that unless individuals are computer literate, 

they will be unable to take advantage of information and meaningfully 

participate in actions that affect their lives. In their position 

statement on basic mathematical skills, the National Council of Super

visors of Mathematics (1978) listed computer literacy as one of the 

Ten Basic Skill Areas. The Board of Directors of the National Council
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of Teachers of Mathematics (1978) also designated computer literacy as 

"an essential outcome of contemporary education" (p. 468).

The definition of computer literacy has been evolving as the use 

of computers in society is becoming more widespread. Although educators 

agree about the need for a computer literate population, opinions vary 

widely about what constitutes computer literacy. Initially, when the 

National Council of Supervisors of Mathematics (1978) identified computer 

literacy as one of ten basic mathematics skills, they described it as an 

understanding of computer uses and limitations. Moursund (1980) asserted 

that there are several levels of knowledge of computers, and this defini

tion describes a lower level, commonly referred to as computer "aware

ness." Emphasis is placed on knowing about computers rather than knowing 

how to work with them.

Under the auspices of the National Science Foundation, Johnson e_t al.

(1980) reviewed curriculum materials, tests and articles dealing with 

computers. Making no distinction between computer literacy and computer 

awareness, they developed a list of cognitive and affective objectives 

for computer literacy. The objectives were grouped under six main cate

gories i hardware; programming and algorithms; software and data 

processing; applications; impact; and attitudes, values and motivation. 

Luehrman (1981) agreed that the list defined computer awareness but 

argued ". . . that fully four-fifths of these empirically discovered 

objectives should not be used in any significant definition of computer 

literacy" (p. 682). He maintained that, just as literacy in language 

means the ability to do something with language and literacy in mathe

matics means being able to do mathematics, so computer literacy must 

mean the ability to do computing. Any course in computer literacy must
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concentrate on performance objectives which will help learners become 

literate "doers" of computing.

In their reply to Luehrmann, Anderson ert al. (1981) asserted that 

computer literacy ". . . should be thought of as the knowledge and 

skills the average citizen needs to know (or do) about computers."

They argued that a definition of computer literacy which only addresses 

computer usage is too narrow. They preferred their own, more compre

hensive, view that computer literacy is ". . . an understanding of 

computers that enables one to evaluate computer applications as well as 

to do things with them" (p. 687). Further, they asserted that most of 

what the ordinary person needs to know about computers will not be 

learned through programming. This was verified by Battista and Krockover 

(1982), who found that preservice elementary teachers given two periods 

of instruction and two related assignments using remote terminals 

and programming showed little or no improvement in computer literacy 

as measured by the Minnesota Computer Literacy and Awareness Assessment 

(Anderson, et al.. 1979 ). Battista (1981) also found that teaching 

elementary school students how to program a computer will not necessarily 

give them a sound knowledge of computer capabilities.

Eisele (1980b) stated that all students should understand computers 

and computing. In addition, they should have skill in using computers 

and positive attitudes toward their productive role in society. He 

suggested that the following learning opportunities be included in a 

curriculum designed to foster universal computer literacy (p. 84):

1. Developing skills to use computer applications which 
bear on persistent life situations such as communications, 
transportation, education, governance, consumerism, enter
tainment and employment.
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2. Developing computing proficiency as a skill for 
everyday use at home and on the job.

3. Developing ethical practices in providing computer 
services to others.

4. Developing ethical practices of consumption of 
computer services.

5. Developing positive attitudes toward the pervasive 
role of computers in contemporary society.

With the advent of microcomputers, Eisele (1981) maintained that it 

is now possible to help all learners acquire computing skill and develop 

an understanding of the role of computers in society.

Moursund (1982) classified student knowledge about computers into 

four levels: 1) novice level— able to use prepared programs, 2) inter

mediate level— requires more substantial mastery of the machine,

3) advanced level— involves programming skills, and 4) professional 

level— prepares for employment in the data processing field. He 

asserted that the degree to which students can be considered computer 

literate depends on the level of computer knowledge demanded by their 

academic endeavors. In a later article (1983) he strongly supported 

teaching students to use applications packages. Rather than teaching 

students computer languages which will soon be obsolete, he proposed 

that teachers show them how to utilize the capabilities of a computer 

and integrate this knowledge into their overall knowledge and performance.

Computers are no longer tools used exclusively by professionals.

They are being used as daily tools in almost every aspect of modern life. 

Although there is no consensus on the precise knowledge, skills or 

attitudes an individual needs to function in our increasingly computer- 

oriented society, there is agreement that some form of computer literacy 

is an important goal for all students. Dickerson and Pritchard (1981)
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maintained that, "Educators must face the possibility that they will be 

major contributors to computer illiteracy if priorities are not given 

to the implementation and use of this technology" (p.3).

Science Process Skill Instruction For Teachers

During the last two decades, curricular emphasis has shifted from 

teaching science content to helping students develop competence in the 

science processes. More importance is being placed on helping children 

acquire the skills scientists use to process knowledge.

In the 1960's the Commission on Science Education of the American 

Association for the Advancement of Science (AAAS) prepared and evaluated 

science education materials, published under the title Science— A Process 

Approach (SAPA), designed to improve children's skills in using the 

science processes (Livermore, 1964). For the primary grades, the mater

ials focused on eight basic process skills: observing, using time/

space relationships, classifying, using numbers, measuring, communicat

ing, predicting and inferring (AAAS, 1968). The basic process skills 

provide a foundation for the more complex integrated science process 

skills. The integrated processes are the skills an individual needs 

to do science experiments or solve problems. Five integrated science 

process skills are emphasized in the intermediate grades: controlling

variables, interpreting data, formulating hypotheses, defining opera

tionally, and experimenting.

In spite of science courses which preservice elementary teachers 

had taken to fulfill their science requirement, Gabel et̂  al. (1977) 

claimed that prospective teachers had not mastered the science process 

skills. Jaus' (1975) findings, also, implied that elementary teachers



www.manaraa.com

28

receive minimal integrated science process skill instruction in their 

science content courses. He stated, "If a major goal of education is 

to develop science process skill competence in children, a logical first 

step toward this goal is to produce teachers who are competent in these 

skills" (p. 445).

Numerous studies have been done to determine the effects of teaching 

preservice and inservice teachers the science process skills upon their 

subsequent achievement, attitudes, and teaching practices. Wilson (1967) 

found that teachers trained in the science process skills encouraged a 

significantly larger number of science process skill experiences in 

their classrooms than a matched group of teachers who had not received 

training in the process skills. The influence of a sunaner institute 

in inquiry-centered science education upon the teaching strategies of 

elementary teachers was investigated by Schmidt (1969). Following the 

experience of the summer institute, teachers significantly increased 

the use of process skill experiences in their science classes and also 

their social studies classes.

Brown (1977) prepared a series of fourteen laboratory exercises, 

based on the process skills used in SAPA, to be completed by undergradu

ate preservice elementary teachers enrolled in a science methods class. 

Their scores on a paper and pencil test of the process skills, developed 

by the researcher, were significantly higher than those of an equivalent 

control group which did not complete the exercises.

Bluhn (1979) also found that hands-on activities designed to 

teach science process skills can be successfully used to improve the 

science process skill achievement of preservice elementary teachers.

His instruction consisted of a series of short (one to two hour),
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instructor-guided, hands-on instructional activities related to observ

ing, inferring, hypothesizing, interpreting data and experimenting.

Using a self-constructed paper and pencil test, Inquiry Skills Inventory-3, 

he found that the students who received the instruction significantly 

improved their knowledge of science processes, ability to use science 

processes, and ability to sequence science processes as used in scienti

fic problem solving.

Riley (1979) studied the effect of hands-on versus nonmanipula- 

tive training in process skills for preservice student teachers in an 

undergraduate methods program. He trained one group of subjects in the 

process skills, using a hands-on approach, and another with the same 

content except that all manipulation of materials was done by the instruc

tor. A third control group received no training in the process skills.

He found that both the active-inquiry and vicarious-inquiry approaches 

improved the preservice teachers' competence in selected process skills—  

classifying and using space/time relationships--as measured by The 

Science Process Measure for Teachers from SAPA. Neither treatment had 

a significant effect on the preservice teachers' understanding of science, 

attitude toward science and science teaching, or attitude toward method 

of instruction.

Campbell and Okey (1977) investigated the effectiveness of an 

individualized, self-instructional program on mastery of the basic 

science process skills. Preservice elementary teachers, enrolled in a 

program that combined methods instruction with student teaching, completed 

paper-and-pencil and laboratory activities on measurement, observation, 

classification, communication, inference and prediction. Compared to 

an equivalent control group which did not receive the instructional
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treatment, the preservice teachers in the treatment group 1) scored 

significantly higher on the Basic Science Process Skill achievement test, 

2) chose more process skill objectives for science units, and 3) incor

porated more process skill activities in their lesson plans. The group 

of preservice teachers trained in the basic science process skills did 

not differ significantly from the control group in their attitudes 

toward the use of the process skills in school science instruction or 

the number of process objectives they included in their lesson plans.

In a similar study, Jaus (1975) used self-instructional materials 

to teach the integrated science process skills to a group of prospec

tive elementary teachers in a science methods class, and gave no instruc

tion on the process skills to a similar control group. Individuals who 

received training in the integrated process skills significantly improved 

their integrated science process skill achievement, as measured by a 

paper-and-pencil test constructed oy the researcher; wrote more instruc

tional objectives to teach process skills to children; and designed 

more process skill activities than the control group. However, he found 

no differences between the attitudes of the two groups toward the use 

of the integrated science process skills in the classroom. Jaus also 

gave written persuasive communication, in the form of a 700-word handout 

advocating the use of the integrated science process skills, to a third 

group of prospective teachers along with the process skill instruction. 

Their scores on the dependent measures in the study did not vary signifi

cantly from those of the group which received only the process skill 

instruction.

Zeitler (1981) examined the type of practice in which preservice 

elementary teachers engaged during acquisition of science process skills.
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Focusing on several of the integrated process skills, he used a micro

teaching strategy for one group of students while a second group designed 

but never practiced teaching lessons modeled after the instructor's 

activities. Both groups showed significant gains between their pretest 

and posttest scores on a process skills test constructed by the researcher. 

However, there were no significant differences in skill achievement 

between the two groups. Although both groups included process skills in 

their teaching plans, subjects who practiced through microteaching 

incorporated the skills in their teaching plans more frequently. Zeitler 

also indicated that students who practiced with microteaching demonstrated 

more effective classroom instruction of the process skills than those 

who practiced with modeling.

Gabel e_t al_. (1977) reported that teaching the science process 

skills within the framework of science content had beneficial results. 

Freservice teachers who attended laboratory sections of their physics 

course which placed emphasis on the science process skills showed a 

higher level of proficiency in physics and achieved higher scores on a 

process skills test than their peers whose laboratories did not emphasize 

the process skills. No significant differences in attitude toward 

science or science teaching for the two groups was found.

In a later study, Gabel and Rubba (1980) concluded that the science 

process skills appeared to be more effectively taught in a physics 

course than a science methods course. However, the methods class was 

more successful in improving attitudes toward science teaching than was 

the physics course. They suggested that teaching science process skills 

are a vital part of science. In addition, teaching the process skills 

in a content class would allow more time in a methods class to concentrate 

on teaching skills necessary for good instruction.
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The studies reviewed indicate that the science process skills may 

be effectively taught to elementary teachers through a variety of 

strategies in science methods courses, science content courses, or 

inservice experiences. In addition, the studies show that teachers who 

receive training in the science process skills achieve proficiency in 

the science process skills and include the science process skills in 

their teaching plans.

Locus of Control 

Background

The concept of locus of control arose from social learning theory, 

a theory which attempts to predict human behavior by explaining how 

individuals make choices from the variety of potential behaviors avail

able to them. According to social learning theory, an individual's 

behavior is predicted on the basis of his/her values, his/her expecta

tions and the situations he/she is in.

Much of the experimental data about locus of control is derived 

from Rotter's social learning theory (Lefcourt, 1976), His theory is 

unique because it puts equal emphasis on value, expectancy of reinforce

ment and situational specificity. The relationship between these variables 

as they predict behavior is stated in the following formula:

BP _ =• f(E _ & RV ) (1)x, s ̂ , Rfi x , Rfl, s ̂ a , s ̂

The formula reads: "The potential for behavior x to occur, in situa

tion 1 in relation to reinforcement a, is a function of the expectancy 

of the occurence of reinforcement a, following behavior x in situation 1, 

and the value of reinforcement a in situation 1 " (Rotter, Chance, and
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Phares, 1972, p. 14). As shown by the formula, behavior potential 

will be high when expectancy and reinforcement value are high. Other 

learning theories often emphasize the importance of the value variable, 

but in Rotter's theory, expectancies are not secondary to values.

Formula (1) may be extended to make predictions for a range of 

potential behaviors, in regard to a number of expectancies and a variety 

of situations. The more generalized formula for predicting behavior 

may be simplified and stated as follows:

NP ■ f(FM & NV) (2)

This is read, "The potentiality of occurrence of a set of behaviors 

that lead to the satisfaction of some need (need potential) is a func

tion of the expectancies that these behaviors will lead to these 

reinforcements (freedom of movement) and the strength or value of these 

reinforcements (need value)" (Rotter, 1954, p. 110).

Freedom of movement is a generalized expectancy of success, based 

on an individual's recollection of a lifetime of specific expectancy 

behavior-outcome sequences (Lefcourt, 1976). Locus of control is defined 

as a generalized expectancy for internal versus external control of 

reinforcement. While freedom of movement concerns the possibility of 

success, locus of control involves a causal analysis of success and 

failure. Rotter £t al. (1962) state: "Internal control refers to the 

perception of positive and/or negative events as being a consequence of 

one's own actions and thereby under personal control . . . external 

control refers to the perception of positive and/or negative events as 

being unrelated to one's own behaviors in certain situations and there

fore beyond personal control" (p. 499). Internal individuals believe 

that their own effort and ability are controllers of events. In contrast,
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external Individuals may attribute causality to any number of external 

forces such as luck, fate, significant others (e.g., teachers and parents), 

supernatural powers, complex social and political processes, task or 

situation characteristics, etc.

Expectancies are generalized from a specific situation to a series 

of situations which are perceived as similar. Locus of control, which 

is a problem-solving generalized expectancy, is an attitude regarding the 

causal relationship between one's own behavior and its consequences.

Rotter (1966) maintained that the perception of control might affect a 

variety of behavioral choices across a large number of life situations.

He stated (p. 5):

"In its simplist form, our basic hypothesis is that if 
a person perceives reinforcement as contingent upon his own 
behavior then the occurrence of either a positive or negative 
reinforcement will strengthen or weaken potential for that 
behavior to recur in the same or similar situation. If he 
sees the reinforcement as being outside his own control or not 
contingent, that is depending upon chance, fate, powerful 
others, or unpredictable, then the preceeding behavior is less 
likely to be strengthened or is weakened."

The problem-solving expectancy of locus of control is incorporated 

into the following overall formula for determining expectancies (Rotter, 

Chance, and Fhares, 1972, p. 41):

f(E’ & GE & GE & GE . . . GE 
„ ___________ PS1 P32 PSn (3)

f(N )S1
This shows that, ". . . an expectancy in situation 1 is determined by

the expectancy that a given reinforcement will occur based on previous

experience in the same situation (E'), experiences generalized from

other related situations (GE^), and a variety of problem-solving

generalized expectancies (GE . . ., GE ), divided by some function
psl psn
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of the number of expectancies the individual has had in the specific

situation (N )" (Phares, 1976, p. 20). Therefore, when quantified,
S1

locus of control can be used along with other social learning theory 

variables to predict human social behavior.

Measurement Of Locus of Control

The first scale devised to assess individual differences in locus 

of control beliefs was developed by Phares (1955) and later revised by 

James (1957). Following this, systematic and extensive work by Rotter, 

Seeman and Liverant (1962) was done to develop a locus of control scale. 

This resulted in a 29-item scale (including six filler items) known 

as the Rotter Internal-External Control Scale (I-E Scale) (Rotter, 1966) 

which is frequently used in locus of control research with adults.

It was originally designed to measure control expectancies in several 

areas— academic recognition, social recognition, love and affection, 

dominance, social-political events, and general life philosophy. However, 

the final version does not contain subscales which can be used to predict 

profiles in several separate areas but rather is taken to yield a general 

measure of locus of control which describes an individual's "average" 

locus of control attributes over many situations (Phares, 1976).

Lacking evidence that locus of control beliefs are consistent 

across all areas of experience, Crandall et al. (1965) devised the 

Intellectual Achievement Responsibility Questionnaire (IAR) to measure 

locus of control in children solely in intellectual achievement situa

tions. The scale differs from previous instruments in that it restricts 

itself to one source of external control— those persons who have the most 

personal contact with a child (parents, teachers and peers). Finally, the
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IAR samples an equal number of positive and negative events and contains 

two separate subscales for measuring a subject's willingness to accept 

responsibility for success (1+) and failure (I-). The scale consists 

of 34 forced-choice items and is widely used to measure children's 

control expectancies.

Lefcourt e£ ajL (1979) developed the Multidimensional-Multiattribu- 

tional Causality Scale which contains scales assessing the locus of control 

for affiliation and for achievement of university undergraduates. The 

instrument contains an equal number of items concerning success and fail

ure experiences. In addition, it differentiates between stable and 

unstable attributions. This is based on the premise that an unstable 

attribution can lead to a behavior prediction opposing that of a stable 

attribution, even though both the unstable and stable attributions could be due 

to an internal cause. For example, Dweck and Reppucci (1973) found that 

children who believe their failure is a result of their lack of ability 

(a stable internal characteristic) are less likely to persist in their 

efforts than those who believe failure is due to lack of motivation (an 

unstable internal characteristic). Although both causes are internal, 

one encourages goal-striving behavior and the other does not.

Numerous other instruments have been developed to measure indivi

dual differences in locus of control beliefs. These include: Bialer's

Locus of Control Questionnaire, Dean's Alienation Scales, Norwicki- 

Strickland Locus of Control Scale for Children, Reid-Ware Three-Factor 

I-E Scale, Stanford Preschool 1-E Scale, Stevens-Delys Reinforcement 

Contingency Interview, and The Norwicki-Duke Scale (Lefcourt, 1976;

Phares, 1976).
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As with other psychological constructs, researchers must be cautious 

when equating locus of control with its measuring device. Crandal et al. 

(1965) raised three important issues in the assessment of perceived 

control. Beliefs are not necessarily consistent across all areas of 

experience. The specification of agents of external control is important. 

Also, the type of reinforcement involved (positive versus negative) must 

be considered. Lefcourt (1976) advises that there is enough evidence to 

encourage researchers to continue using existing scales for measuring 

locus of control and also to develop newer, more criterion-specific 

measures.

Locus of Control and Academic Achievement

Much of the impetus for studies investigating the relationship 

bewteen locus of control and academic achievement came from the publica

tion of the Coleman report. Coleman ej: al. (1966) found that minority 

children (except Oriental Americans), more often than white children, 

have far less conviction that they can affect their own environments 

and futures. In addition, their study showed that for non-white child

ren, the best predictor of academic achievement was a measure of the 

extent to which they felt they had control over their destiny.

Using the LAR and Test of Logical Thinking with students in grades 

seven through eleven, Tobin and Capie (1979) determined that there is 

no significant relationship between locus of control and formal reason

ing ability (r ■ 0.02, p * 0.46). This finding was confirmed in a later 

study (Tobin and Capie, 1982b) with middle school students. They argued 

that locus of control and cognitive development are ideal variables for 

predicting outcomes in science and examining aptitude-treatment interac

tions, since they are unlikely to account for common variance.
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Tobin and Capie (1982b) observed twelve students in each of thirteen 

middle school science classes and tated their overt and covert engage

ment behavior. Using the IAR to measure locus of control, they found 

that locus of control was significantly related to rates of attending 

(r - 0.21, p < 0.01) and total engagement (r * 0.20, p ^ 0.05).

Research has shown that in task-linked situations, internals tend to 

use a distinct motivational style (Bar-Tal and Bar-Zohar, 1977). They 

show more initiative, exert more effort, and persist to a greater extent 

than externals. In regard to cognitive reactions, internals focus on 

task-relevant information to a greater extent and utilize it more 

efficiently than externals.

Differences in cognitive reactions and motivational style between 

internally and externally oriented individuals might lead one to predict 

differences in their academic performance. An individual who feels 

responsible for academic successes and failures should show more conscious 

effort, persistence dispite difficulties and willingness to sacrifice 

immediate pleasures for the purpose of attaining more long-term goals, 

thereby reaching a higher level of achievement. However, studies inves

tigating the relationship between perception of locus of control and 

academic schiev nent have not always yielded consistent data (Lefcourt, 

1976).

Studies of the relationship between various measures of locus of 

control and academic achievement often contain inconsistent results.

For example, an important, early study by Crandall et al. (1965), using 

the IAR, showed a correlation between total I scores of third, fourth 

and fifth graders, and their Iowa Test scores and report card grades.

They also found Iowa test scores and report card grades of girls in 

grades three and four to be highly related to their IAR scores for success
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events (l+). In contrast, fifth grade boys' I- scores (i.e., respon

sibility for failure) were significantly related to their Iowa Test 

scores and report card grades. In grades six, eight, ten, and twelve, 

there were significant relations between total I scores and report card 

grades. However, achievement test scores were only occasionally related 

significantly to IAR scores. Thus, grade level, sex, attribution for 

success versus failure, and the dependent measure of academic achieve

ment affect the predictive validity of the construct. In his book on 

locus of control, Lefcourt stated (1976, p. 66),

"The research . . . fails to support a simplistic, 
one-to-one relationship between locus of control and achieve
ment. As in most instances when a topic is closely scrutin
ized, the observed relationships are found to be anything but 
simple and conclusive."

In a study with reformatory inmates, Seeman (1963) presented 

inmates with three categories of materials related to correctional 

matters: 1) the present reformatory setting, 2) long-range prospects

for a noncriminal career, and 3) factors related to achieving successful 

parole. He found no differences in learning the materials in the first 

two catagories. In contrast, the more internally oriented inmates 

learned the parole-related information significantly better than the 

inmates high in externality. Lefcourt (1966), in a review of research 

on internal versus external control of reinforcement, summarized that, 

"In investigations concerned with learning and achievement-related 

variables, the control construct allows some prediction when the mater

ials are relevant to the subjects' goal strivings" (p. 214).

Although the studies do not always provide consistent data, Bar-Tal 

and Bar-Zohar (1977), in a review of 36 studies on the relationship 

between perception of locus of control and academic achievement, found 

a firm trend suggesting that the more internal an individual's
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orientation, the higher is the individual's achievement. Only one 

study contained a negative relationship between internal perception and 

achievement, and four studies found no significant relationship. Thirty- 

one of the studies reported a positive relationship between internal 

perception of locus of control and achievement, for at least some of the 

achievement measures and with at least part of the sample. In their 

review, Stipek and Weisz (1981) concurred that studies using questionnaire 

measures of locus of control show a relationship between some aspect 

of children's perceptions of causality and achievement.

ATI research has been used in an attempt to establish principles 

which would help educators adapt the educational environment to indivi

dual differences in perception of control (Cronbach and Snow, 1977).

Most of the studies dealing with locus of control have examined its 

effect on the learning process in high- and low-structure situations. 

Generally, research on locus of control predicts that students with an 

external locus of control will excel in high-structure situations, 

while internal students will do better in low-structure situations 

(Horak and Horak, 1982).

Parent ejt al̂ . (1975) studied the interactive effects of teaching 

strategy and personal locus of control on college students' performance 

in a two-hour "mini-course" on computer programming. They found that 

the more internally controlled students performed better under low- 

discipline conditions, whereas the more externally controlled students 

performed better under high teacher-discipline condidions (p < 0.05). 

Similarly, Daniels and Stevens (1976) found a very strong interaction 

between Rotter I-E scale scores and instructional methods in an eight- 

week introductory psychology class (p < 0.0001). Internally oriented
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level than those with an external orientation. However, when the class 

was taught in a more traditional, teacher-controlled method, externally 

oriented students performed at a higher level than students who were 

internally oriented. Daniels and Stevens suggest that the reason for 

inconsistency of results in research related to locus of control and 

course performance is that the instructional context has not been given 

enough consideration.

Edwards and Waters (1981) found that I-E scores of 223 college 

students were unrelated to their grade point average (r = 0). Given 

the variety of courses and instructional methods influencing students' 

grade point averages, they believed their results were consistent with 

the findings of Daniels and Stevens (1976).

Horak and Slobodzian (1980) investigated the influence of instruc

tional structure and locus of control on achievement by preservice 

elementary science teachers. Two alternative instructional programs, 

one with high- and one with low-structure format, were developed. Both 

program modules dealt with planning science field trip activities for 

elementary children and required 315 minutes for completion. Main 

effects analysis showed that the high-structure condition resulted in 

the highest achievement as measured by an application test of science 

processes (p < 0.01). However, when analyzing achievement as measured 

by an application test of science content, they found that internal 

students achieved most in a low-structured environment and external 

students achieved most in a high-structured environment (p < 0.01).

In their study on the achievement of preservice elementary teachers 

in an undergraduate biology course, Yeany ej: a K  (1980) compared the
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achievement of students who received performance objectives and remedial 

assignments following diagnostic measures with the achievement of 

students who only received performance objectives. They hypothesized 

that internal students would act more readily on feedback and thereby 

perform better under the diagnostic-prescriptive procedure. However, 

they found no interaction between instructional strategy and locus of 

control (p * 0.99). A possible explanation offered is that the Rotter 

I-E Scale which was used to measure locus of control does not guide 

university students* behavior.

Schafer (1981) attempted to promote shifts in college students' 

locus of control by modifying an introductory, "Classic" Audio-Tutorial 

zoology course. He allowed students in his experimental group to use 

an Individualized Goal-Setting approach to their optional mini-courses 

and compared them with a control group receiving a "Classic" Audio- 

Tutorial approach. As measured by the Rotter I-E Scale (p * 0.40) and 

a self-constructed Academic I-E Scale (p * 0.87), Individualized Goal- 

Setting did not promote shifts to an internal locus of control. Schafer 

attributed the absence of change in expectancy for control to the limited 

potency of the treatment, failure of students to utilize the goal- 

setting opportunity, possible difficulties with the predictive validity 

of locus of control in many classroom settings, and his small sample 

size (total N * 52).

In their study on locus of control and science achievement of 

elementary school children, Brooks and Hounshell (1975) found that 

external students (as determined by the IAR in nongraded schools) 

scored lower on the Stanford Achievement Test in Science than students 

with an internal locus of control in the same settings. External
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.students in the nongraded school also scored lower than their counter

parts, students with an external locus of control, in graded schools. A 

finding of their study which they considered even more important was that 

there were significantly more internally controlled students in the non

graded settings than in the graded schools. They saw this as the logical 

outcome of a situation where students were permitted and encouraged to 

make choices and explore within their environment.

Cohen (1982) investigated the relationship between locus of control and 

development of spatial conceptual abilities of fifth grade students. One 

class received individualized instruction from the Energy Sources unit of 

SCIS (Science Curriculum Improvement Study), with emphasis placed on the 

manipulation of objects. The control class's instruction was teacher-directed 

in a group manner around a textbook, with demonstrations done for the entire 

class as a single unit. Locus of control was measured using the Norwicki- 

Strickland Locus of Control Measure for Children. He reported that inter

nally oriented pupils performed equally well on projective spatial tasks 

regardless of whether they were in the experimental or control group.

In contrast, pupils exhibiting externality and having access to manipula- 

tives demonstrated a higher degree of spatial conceptual ability than 

external individuals not having access.

Very little research has been done which examines the possible 

interaction between locus of control and CAI as an instructional method.

Smith (1971), in his doctoral dissertation, examined the effect of CAI 

on locus of control of seventh, eighth, and ninth grade students.

Using the Crandall Locus of Control Instrument and Coleman Control Items, 

he found no differences in the mean locus of control scores of students 

participating in a CAI math drill-and-practice program and students in
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the non-CAI control group. However, caution must be taken in interpret

ing results from this study as subjects were not randomly assigned to 

the CAI or non-CAI group. Students in the CAI group had been placed 

there because of the reconsnendations of their teachers. As a group they 

had lower pretest math self-concept scores than the non-CAI group. Also, 

the special nature of the students sampled (two to three years below grade 

level in arithmetic and 75 percent Mexican-Americans) limits the general- 

izability of the study's findings.
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METHODS AND MATERIALS 

Sample

This study involved 81 preservice elementary teachers enrolled in 

Education 323, Teaching Science in the Elementary School Curriculum, 

at Purdue University during the Fall, 1982, and Spring, 1983, semesters.

Of the 81 subjects, 75 were Seniors and six were Juniors. The popula

tion sampled represented those students in the upper or lower third of 

the total group of 125 students enrolled, based on their scores on the achieve

ment subscale of the Multidimensional-Multiattributional Causality Scale.

Subjects were assigned, by the University computer registration 

program when they registered, to one of two self-contained, intact 

classes during the fall semester or to one of four self-contained, intact 

classes during the spring semester. The intact classes were matched for 

instructors and then randomly assigned to an experimental group and a 

control group each semester. The experimental group consisted of 39 

subjects who had been assigned to three self-contained, intact classes.

They were given CAI in the integrated science process skills. The 

control group consisted of 42 subjects who had been assigned to three 

self-contained, intact classes. They received instruction regarding 

the integrated science process skills via printed PI.
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Description of the Study

This study attempted to ascertain whether CAI would result in 

differences from printed PI in preservice elementary teachers' achieve

ment of the integrated science process skills and computer literacy.

In addition, the study investigated whether locus of control Interacted 

with mode of instruction (CAI versus printed PI) to yield differences 

in preservice elementary teachers' achievement of the integrated science 

process skills.

Four lessons were designed to develop the subjects' integrated 

science process skills. Skills taught during the four lessons were: 

identifying variables, interpreting data, formulating hypotheses and 

experimenting. The lessons were printed for control subjects (sample 

lesson in Appendix B) and programmed for use with a TRS-80 Model III 

microcomputer, using a tutorial approach, for the experimental group 

(sample program in Appendix C). Following each lesson, both groups took 

quizzes which gave them feedback about their progress. Students were 

informed that quiz scores were designed solely to give them feedback 

and would not be used to determine course grades. CAI learners received 

immediate feedback from the computer in response to their answers.

Subjects using the printed text handed in their quizzes which were 

scored by the researcher and returned during the following class period.

At the beginning of each semester, subjects were assigned, by the 

University computer registration program, to a self-contained, intact 

class section of Education 323. Only those subjects scoring in the 

upper or lower third on the achievement subscale of the MMCS were 

included in the study. Subjects who scored in the upper one third (>43) of 

the total pool of subjects were labeled as having an external locus of
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control. Similarly, subjects scoring in the lower one-third «36) were la

beled as being internally controlled. Subjects scoring in the middle one- 

third of the total pool of subjects on the achievement subscale of the 

MMCS were eliminated from the study. Consideration of only the subjects 

who scored in the extremes on the internal-external continuum of locus 

of control should magnify differences between the performances of the 

two groups.

Two intact classes enrolled during the Fall, 1982, semester and 

four intact classes enrolled during the Spring, 1983, semester were 

matched for instructors and then randomly assigned to experimental or 

control groups. Three class sections (the control group) completed the 

printed PI. The other three class sections (the experimental group) 

received their instruction from the CAI lessons. Each lesson was treated 

as a weekly out-of-class assignment. Students in the experimental 

group scheduled one-half hour per lesson to work on a microcomputer; 

those using the printed text received one lesson in class each week 

which they completed on their own within a week.

Education 323 met for the first eight weeks of each semester.

During the first two weeks of the semester, subjects were administered 

three pretests: the MCLAA, the TISP, and the achievement subscale of

the MMCS. During the next four weeks students completed one process 

skill lesson per week. Two posttests, the MCLAA and the TISP, were 

administered during the final two weeks of class. In addition, students 

completed questionnaires, reporting data such as their class status, 

grade point average, science background and previous experience with 

computers. This procedure was followed, using two classes in the Fall,

1982. The research experiment was replicated in the Spring, 1983, 

using four classes and the same procedure.
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Instruments Used In the Study

The instruments used in the study are paper and pencil tests.

They are:

1. The Minnesota Computer Literacy and Awareness Assessment 

(MCLAA; Anderson et al.. 1979 ). The MCLAA measures subjects' affective 

and cognitive knowledge of computers. It is based on the affective 

and cognitive components considered necessary by the Minnesota Educa

tional Computing Consortium for the development of computer literacy.

The test consists of 83 items.

The 30 items of the affective subscale measure subject's attitudes 

and values related to computers: enjoyment, anxiety, efficacy (confi

dence), attitude toward computers in schools, social and personal 

values, and technical values. Students respond on a five-point semantic 

differential scale (strongly disagree to strongly agree) and a three- 

point semantic differential scale (unimportant to extremely important).

The 53 items of the cognitive subscale measure knowledge about 

the technical areas related to computer hardware, software, programming, 

algorithms, applications and impact on society. The subscale includes 

22 true/false questions and 31 multiple choice questions.

Anderson £t £l_. (1979 ) reported the overall test reliability of 

the MCLAA to be 0.90 as measured by the Cronbach Alpha. When 1,131 

students were retested, the test-retest correlation was 0.75. Reliability 

was redetermined for the subjects used in this study. For the 81 

students who took the MCLAA pretest, the following Spearman-Brown 

formula split half correlations were determined: affective subscale,

0.93; cognitive subscale, 0.79; total test, 0.88.
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2. The Test of the Integrated Processes (TISP; Tobin and Capie, 

1982a). The TISP measures students' achievement of the integrated 

process skills associated with planning and conducting an investigation. 

The skills were developed by the Commission on Science Education of 

the American Association for the Advancement of Science (AAAS) in the 

1960's when they prepared a science program for Kindergarten through 

grade six (Livermore, 1964). The process approach to teaching science 

is based on imitating what a scientist does and the integrated science 

process skills are the terminal skills necessary to do science experi

ments and solve problems. They include formulating hypotheses, opera

tionally defining, controlling and manipulating variables, planning 

investigations, and interpreting data.

The test consists of 24 multiple choice items. There are two 

items for each of 12 objectives related to autonomously planning and 

conducting an investigation. The objectives are listed in the flow 

chart in Figure 1. The test requires approximately 35 minutes to admin

ister. It has acceptable content and construct validity. Tobin and 

Capie (1982) reported that the reliability of the test for a group of 

109 female undergraduates indicated that students (alpha ■ 0.77) 

and items (alpha * 0.96) could be dependably differentiated. The 

reliability of the test was established for subjects used in this 

study. For the 81 students taking the pretest, the split-half reliabil

ity was 0.67.

3. The Hultidimensional-Multiattributional Causality Scale (MMCS; 

Lefcourt, et al., 1979). This test measures two goal-specific loci of 

control: achievement and affiliation. Only the subscale which assesses

locus of control for achievement was used since it measures specific 

expectancies associated with academic learning.
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The achievement subscale consists of 24-item Likert scales.

Twelve items concern success and 12 concern failure. The set of 24 

items is also divided equally between four attributions: six stable

internal items (relatively unchangeable and beyond immediate control) 

such as ability or skill, six unstable internal items (relatively 

changeable and under immediate control) such as effort and motivation, 

six stable external items such as task difficulty, and six unstable 

external items such as luck or fate. The possible range of scores 

is from 0 to 96, with the Likert rating for each item being zero to 

four (agree to disagree).

The following measures of internal consistency for the achievement 

subscale when administered to 241 undergraduates have been reported 

(Lefcourt, et al.. 1979): Cronbach alpha, 0.61; Spearman-Brown split

half correlation, 0.77. Reliability for the subjects used in this study 

was established using the Cronbach alpha formula. The reliability of 

the test for the 81 subjects was 0.80.

Statistical Hypotheses

Hq : 1 There is no difference in the affective computer literacy 

mean posttest score of the experimental group when compared with the 

control group as measured by the Affective Computer Literacy Subscale 

of the MCLAA.

Hq : 2 There is no difference in the affective computer literacy 

mean posttest score of students classified as internal when compared 

with students classified as external as measured by the Affective 

Computer Literacy Subscale of the MCLAA.
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H : 3 There is no interaction between loci of control (internal o
and external) and groups (experimental and control) in the affective 

computer literacy mean posttest score as measured by the Affective 

Computer Literacy Subscale of the MCLAA.

H^: 4 There is no difference in the cognitive computer literacy 

mean posttest score of the experimental group when compared with the 

control group as measured by the Cognitive Computer Literacy Subscale 

of the MCLAA.

Hq : 5 There is no difference in the cognitive computer literacy 

mean posttest score of students classified as internal when compared 

with students classified as external as measured by the Cognitive 

Computer Literacy Subscale of the MCLAA.

H : 6 There is no interaction between loci of control (internal o
and external) and groups (experimental and control) in the affective 

computer literacy mean posttest score as measured by the Affective 

Computer Literacy Subscale of the MCLAA.

Hq : 7 There is no difference in the composite computer literacy 

mean posttest score of the experimental group when compared with the 

control group as measured by the Composite Computer Literacy Score of 

the MCLAA.

Hq : 8 There is no difference in the composite computer literacy 

mean posttest score of students classified as internal when compared 

with students classified as external as measured by the Composite 

Computer Literacy Score of the MCLAA.

H : 9 There is no interaction between loci of control (internalo
and external) and groups (experimental and control) in the composite 

computer literacy mean posttest score as measured by the Composite 

Computer Literacy Score of the MCLAA.
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Hq : 10 There is no difference in the integrated science process

skills mean posttest score of the experimental group when compared to

the control group as measured by the TISP.

Hq : 11 There is no difference in the integrated science process

skills mean score of students classified as internal when compared with

students classified as external as measured by the TISP.

H i 12 There is no interaction between loci of control (internal o
and external) and groups (experimental and control) in the integrated 

science process skills mean posttest score as measured by the TISP.

Research Design

The Campbell and Stanley (1963) Pretest-Posttest Control Group 

Design (#4) was selected for this study because equivalent groups were 

achieved through randomization.

The research design was:

Experimental Group, G^ 0^   ----- 0^

Control Group, G^ 0 ^ ----------  0^

Observations 

-- Pretests

1. MCLAA

2. TISP

3. MMCS (achievement subscale)

02 —  Posttests

1. MCLAA

2. TISP 

Treatments

X^ -- CAI for the Integrated Science Process Skills

X2 —  printed PI for the Integrated Science Process Skills
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This study used a two-factor, 2 x 2 ,  factorial experiment. One 

factor was the two levels of instructional treatment (experimental and 

control). The second factor was the two levels of locus of control 

(internal and external). Subjects were nested within each variable. 

However, the mean score of each group of subjects nested within the 

independent variables was used as the experimental measurement unit of 

the dependent measures. The equivalence of both groups was assumed 

since groups of students were randomly assigned to control and experi

mental groups.

Pearson correlation coefficients between the pretest and posttest

scores on each dependent measure were computed to determine whether a

significant relationship existed between the two. The correlation

coefficients for each measure were: MCLAA affective subscale, 0.69;

MCLAA cognitive subscale, 0.83; MCLAA composite score, 0.71; and

TISP, 0.66. Because of the strong correlation between pretests (X. . , ),
1 1J  » K

and posttests (Y, . , ), analysis of covariance was used to adjust the I»j »k
posttest scores with the pretest scores before assessing main and inter

action effects.

The model used to test the hypotheses was:

Gj - group i - 1,2

Lj * locus of control j *1,2
>

Sc(i j) = ran^om error within cell i,j k ■ 1,2,3

■= slope between Y and X over all the data
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ANALYSIS OF DATA

This study was designed to determine if CAI via the use of a micro

computer could significantly promote gains by preservice elementary 

school teachers in the integrated science process skills and computer 

literacy. In addition, it investigated the possible interactive effect 

of locus.of control and mode of instruction. The mean of each group of 

subjects nested within the independent variables was used as the experi

mental unit for each of the dependent measures. Random assignment to 

experimental and control groups assured a lack of initial bias between 

groups. Therefore, statistical analysis of the groups' pretest scores 

on the dependent variables for establishing the initial equivalence of 

the groups was unnecessary.

One-way analysis of variance was used to compare pretest scores of 

the internally and externally controlled subjects in each group. Table 1 

reports the mean pretest scores and corresponding standard deviations of 

subjects with internal and external loci of control on each of the de

pendent measures. Results of the analysis of variance for the affective 

subscale of the MCLAA, cognitive subscale of the MCLAA and composite 

computer literacy score of the MCLAA are shown on Tables 2, 3 and 4, 

respectively. While there was no statistically significant difference 

between pretest scores of internally and externally controlled subjects 

on the affective subscale of the MCLAA, pretest scores of subjects with 

internal control were significantly higher than subjects with external
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Table 1. Mean pretest scores and standard deviations for internally and 
externally controlled students on the MCLAA and TISP.

MCLAA Affective Subscale

Locus of Control
Internal

y - 108.4 
s.d. = 4.70

n = 6

External

y = 104.6 
s.d. = 4.58

n = 6

MCLAA Cognitive Subscale y = 42.7
s.d. = 2.39

n = 6

y = 38.2
s.d. = 2.26

n = 6

MCLAA Composite Score y = 150.9 
s.d. = 5.62

n = 6

y = 142.7 
s.d. ■ 6.29

n = 6

TISP y.= 17.7
s.d. » 1.41

n = 6

y = 17.2
s.d. = 0.82

n = 6
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Table 2. ANQVA for locus of control on pretest scores of affective 
computer literacy subscale of MCLAA.

Source D.F. SS MS F
^ B g g -— ! = 8 s g ^ ^ ^ B 3 s g a a c 8 S g 8 g a a a a B « a a g t s s a s s t t a e s B a a = i g a a a B a g a s c a B a a a a a a B s a ; ^ a ^ a a a e a g 3 C g a a a a c c » a f  rr’.T *f

Treatments 1 44.08 44.08 2.12

Error 10 207.72 22.77

Table 3. ANOVA for locus of control on pretest scores of cognitive 
computer literacy subscale of MCLAA.

Source D.F. SS MS

Treatments 1 58.96 58.96 10.92**

Error 10 54.00 5.40

Significant at p*0.01.
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Table 4. ANOVA for locus of control on pretest composite computer 
literacy scores of MCLAA.

Source D.F. SS MS

Treatments 1 202.54 202.54 5.69*

Error 10 355.97 35.60

*Signifleant at p-0.05.
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control for the cognitive subscale of the MCLAA (p < 0.01) and the com

posite MCLAA computer literacy score (p ̂  0.05). This is consistent 

with the trend found in the literature suggesting that the more internal 

an individual's orientation, the higher is the individual's achievement 

(Bar-Zohar, 1977).

Analysis of variance of the pretest scores on the TISF are reported 

in Table 5. There was no statistically significant difference between 

internally and externally controlled subjects at an alpha level of 0.05.

The first three hypotheses were:

Hq : 1 There is no difference in the affective computer literacy posttest 

score of the experimental group when compared with the control group, 

as measured by the Affective Computer Literacy Subscale of the MCLAA.

H^: 2 There is no difference in the affective computer literacy posttest 

score of the students classified as internal when compared with students 

classified as external, as measured by the Affective Computer Literacy 

Subscale of the MCLAA.

Hq : 3 There is no interaction between loci of control (internal and 

external) and groups (experimental and control) in the affective computer 

literacy mean posttest score, as measured by the Affective Computer 

Literacy Subscale of the MCLAA.

Table 6 provides an overview of subjects' scores on the Affective 

Computer Literacy Subscale of the MCLAA. Table 7 reports the mean scores 

and standard deviations of the groups on the Affective Subscale. The 

Pearson correlation coefficient for the pretest and posttest scores of 

the Affective subscale was 0.69. Therefore, analysis of covariance was 

used to adjust the posttest scores using the pretest scores, before 

assessing main and interaction effects.
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Table 5. ANOVA for locus of control on pretest scores of T1SP.

Source D.F. SS MS P

Treatments 1 1.02 1.02 0.759

Error 10 13.45 1.35

Table 6. Pretest and posttest scores on the Affective Computer Literacy 
Subscale of the MCLAA.

Groups

Experimental Control

Locus of Control Pretest Posttest Pretest Posttest

Internal 108.5

102.3

115.8

107.7

106.2

115.2

104.6

109.0

110.3

105.7

109.8 

122.3

External 102.7 106.6 98.5 100.5

101.5 111.5 108.0 107.9

110.2 122.4 106.6 111.8



www.manaraa.com

61

Table 7. Mean pretest and posttest scores and standard deviations on 
the Affective Computer Literacy Subscale of the MCLAA.

Groups

Locus of Control

Experimental

Pretest Posttest

Control

Pretest Posttest

Internal y - 108.9 

s,d.“6,52 

n » 3

y - 109.7 

s.d.*4.82 

n » 3

y - 108.0 

s.d.*2.99 

n ■ 3

y = 112.6 

s.d.-8.65 

n - 3

External y “ 104.8 

s.d.-4.71 

n * 3

y - 113.5 

s.d.*8.09 

n « 3

y “ 104.4 

s.d.*5.13 

n ■ 3

y - 106.7 

s.d.«5.74 

n - 3
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Table 8 shows the results of the analysis of covariance for scores 

on the affective subscale of the MCLAA. As shown by the table, at an 

alpha level of 0.05, there is no evidence to support a rejection of any 

of the first three null hypotheses (HQ : 1» 2, Hq ! 3). Thus, no

differences were shown between the experimental and control groups, 

or between internally and externally controlled students, on the Affec

tive Computer Literacy Subscale of the MCLAA. Additionally, no interac

tion effects between groups and loci of control were demonstrated.

The next three hypotheses were:

Hq : 4 There is no difference in the cognitive computer literacy mean 

posttest score of the experimental group when compared with the control 

group, as measured by the Cognitive Computer Literacy Subscale of the 

MCLAA.

Hq : 5 There is no difference in the cognitive computer literacy mean 

posttest score of students classified as internal when compared with 

students classified as external, as measured by the Cognitive Computer 

Literacy Subscale of the MCLAA.

H : 6 There is no interaction between loci of control (internal and o
external) and groups (experimental and control) in the cognitive 

computer literacy mean posttest score as measured by the Cognitive 

Computer Literacy Subscale of the MCLAA.

Table 9 provides an overview of subjects' scores on the Cognitive 

Computer Literacy Subscale of the MCLAA. Table 10 reports the mean 

scores and standard deviations of the groups on the Cognitive Subscale.

The Pearson correlation coefficient for the pretest and posttest 

scores of the Cognitive subscale of the MCLAA is 0.83. Therefore, 

analysis of covariance was used to adjust the posttest scores using the
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Table 8. Analysis of covariance for the Affective Computer Literacy 
Subscale of the MCLAA.

Source D.F. SS MS F Ratio P

Pretest 225.809 225.809 10.909 0.013

Group A.393 A.393 0.212 0.659

Locus of Control 23.800 23.800 1.150 0.319

Group x Locus of 77.636 77.636 3.751 0.09A
Control

Error 1AA.889 20.698

Table 9. Pretest and posttest scores on the Cognitive Computer Literacy 
Subscale of the MCLAA,

Groups

Experimental Control

Locus of Control Pretest Posttest Pretest Posttest

Internal AO.2 AO.7 39.7 A3.7

A5.0 A5.2 AA.5 AA.3

AA.7 A5.2 A1.8 AA.2

External 38.3 A1.3 37.0 37.0

3A.5 AO.0 38.9 AO.A

A1.0 A3.8 39.6 A1.2
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Table 10. Mean pretest and posttest scores and standard deviations on 
the Cognitive Computer Literacy Subscale of the MCLAA.

Groups

Locus of Control

Experimental

Pretest Posttest

Control

Pretest Posttest

Internal y « 43.3 y = 43.7 

s.d.= 2.69 s.d.=2.60

n = 3 n = 3

y = 42.0 y = 44.1 

s. d.=2.41 s.d.=0.32 

n * 3 n = 3

External y = 37.9 y = 41.7 y » 38.5 y * 39.5 

s.d.=3.27 s.d.“1.93 s.d.=1.35 s.d .=2.23 

n * 3  n = 3  n = 3 n = 3
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pretest scores, before assessing main and interaction effects. Table 11 

shows the results of the analysis of covariance for scores on the cogni

tive subscale. As shown by the table, at an alpha level of 0.05, there 

is no evidence to support a rejection of Hq : 4 or Ho : 5. Thus no 

differences were shown between the main effects of group (experimental 

or control) or locus of control (internal or external).

However, at an alpha level of 0.05, the null hypothesis of no 

interaction between groups and loci of control in cognitive computer 

literacy (HQ : 6) is rejected. This indicates that internal and external 

subjects each responded differently to the experimental treatment than 

they did to the control treatment. Figure 2 presents a graph of the 

interaction which displays the mean posttest scores, adjusted by the 

pretest scores, for the combination of each factor at each level. The 

Newman-Keuls range test (Hicks, 1973) was used to determine which means 

differed. Figure 3 depicts these differences. Scores of the external 

subjects in the control group were significantly lower than those of 

the internally controlled subjects in the control group and the externally 

controlled subjects in the experimental group.

The next three null hypotheses were:

Hq : 7 There is no difference in the composite computer literacy mean 

posttest score of the experimental group when compared with the control 

group, as measured by the Composite Computer Literacy Score of the MCLAA. 

Hq : 8 There is no difference in the composite computer literacy mean 

posttest score of students classified as internal when compared with 

students classified as external as measured by the Composite Computer 

Literacy Score of the MCLAA.
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Table 11. Analysis of covariance for the Cognitive Computer Literacy 
Subscale of the MCLAA.

Source D.F. SS MS F Ratio P

Pretest 48.934 48.934 37.415 0.001

Group 1.440 1.440 1.101 0.329

Locus of Control 0.897 0.897 0.686 0.435

Group x Locus of 10.077 10.077 7.705 0.027
Control

Error 9.155 1.308
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Adjusted 
Posttest 
Score on 
Cognitive 
Subscale 
of MCLAA

Internal
  External

43.34

43.04

43 -

41.82

41

40

Control Experimental

Group

Figure 2. Interaction between group and locus of control for adjusted 
posttest scores on the Cognitive Subscale of the MCLAA.
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40 41 42 43 44
■i--------------r-- I------------ r---i-----------------%r t----------- i-T t I T

40.80 41.82 43.04 43.34

External Internal Internal -External
Control Experimental Control Experimental

T R E A T M E N T S *

Treatment means not underscored by the same line are significantly
different (p<0.05), and those underscored by the same line are not 
significantly different (p>0.05).

Figure 3. Significant differences between mean adjusted posttest scores 
on the Cognitive Computer Literacy Subscale of the MCLAA as deter
mined by the Newman-Keuls range test.
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H : 9 There is no interaction between loci of control (internal and o

external) and groups (experimental and control) in the composite compu

ter literacy mean posttest score as measured by the Composite Computer 

Literacy Score of the MCLAA.

Table 12 provides an overview of subjects' scores on the Composite 

Computer Literacy Subscale of the MCLAA. Table 1-3 reports the mean 

scores and standard deviations of the groups on the composite score of 

the MCLAA. The Pearson correlation coefficient for the pretest and 

posttest composite scores of the MCLAA was 0.71. Therefore, analysis 

of covariance was used to adjust the posttest scores using the pretest 

scores, before assessing main and interaction effects. Table 14 shows 

the results of the analysis of covariance for composite computer liter

acy scores. As shown by the table, at an alpha level of 0.05, there is

uo evidence to support a rejection of Hq : 7 or Hq : 8. Thus, no differ

ences were shown between the main effects of group (experimental or

control) or locus of control (internal or external).

At an alpha level of 0.05, the null hypothesis of no interaction 

between groups and loci of control in composite computer literacy 

(Hq : 9) is rejected. This indicates that internal and external subjects 

each responded differently to the experimental treatment than they did 

to the control treatment. Figure 4 presents a graph of the interac

tion which displays the mean posttest scores, adjusted by the pretest 

scores, for the combination of each factor at each level. Analysis by 

the Newman-Keuls range test, at an alpha level of 0.05, indicates that 

no statistically significant differences exist between the adjusted 

posttest means of the individual treatments. However, analysis by the 

Duncan Multiple Range Test (Duncan, 1956) at an alpha level of 0.05
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Table 12. Pretest and posttest scores on the Composite Computer Literacy 
Subscale of the MCLAA.

Group

Experimental Control

Locus of Control Pretest Posttest Pretest Posttest

Internal 148.7 148.3 144.3 149.3

147.3 151.3 152.6 153.4

160.5 160.4 152.2 166.5

External 141.0 147.9 135.5 137.5

136.0 151.5 146.5 147.8

151.2 166.2 146.1 153.0
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Table 13 
the

Locus of

Internal

External

Mean pretest and posttest scores and standard deviations on 
Composite Computer Literacy SubsCale of the MCLAA.

Groups

Experimental

Control Pretest Posttest

y = 152.2 y - 153.3 

s.d. ■ 7.25 s.d. = 6.30 

n = 3 n = 3

Control

Pretest Posttest

y = 149.7 y = 156.4 

s.d. ™ 4.68 s.d. = 8.98 

n = 3 n = 3

y = 142.7 y * 155.2 

s.d. = 7.75 s.d. = 9.69 

n = 3 n = 3

y = 142.6 y = 146.1 

s.d. ■ 6.24 s.d. = 7.89 

n * 3 n = 3
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Table 14. Analysis of covariance for the Composite Computer Literacy 
Subscale of the MCLAA.

Source D.F. SS MS F Ratio P

Pretest 373.474 373.474 15.203 0.006

Group 39.086 39.086 0.391 0.552

Locus of Control 27.051 27.051 1.101 0.392

Group x Locus of 160.412 160.412 6.530 0.038
Control

Error 171.957 24.565
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Internal
External 159.A9

160 -

155 153.39
Adjusted
Posttest
Score on
Composite
Subscale 150.43
of MCLAA

147.73

Control Experimental

Group

Figure 4. Interaction between group and locus of control for adjusted 
posttest scores on the Composite Subscale of the MCLAA.
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145 150 155 160

" — i ^  t 1 r
147.73 150.43 153.39 159.49

Internal External Internal External
Experimental Control Control Experimental

T R E A T M E N T S *

Treatment means not underscored by the same line are significantly
different (p<0,05), and those underscored by the same line are not 
significantly different (p>0.05).

Figure 5. Significant differences between mean adjusted posttest scores 
on the Composite Computer Literacy Subscale of the MCLAA as deter
mined by the Duncan Multiple Range Test.



www.manaraa.com

75

demonstrates that scores of the external subjects in the experimental

group were significantly higher than those of the internal subjects in

the experimental group. Figure 5 depicts the results of the Duncan

Multiple Range Test.

The remaining three hypotheses are:

Hq : 10 There is no difference on the integrated science process skills

mean score of the experimental group when compared to the control group,

as measured by the TISP.

11 There is no difference on the integrated science process skills

mean score of students classified as internal when compared with

students classified as external, as measured by the TISP.

H : 12 There is no interaction between loci of control (internal and o
external) and groups (experimental and control) in the integrated

science process skills mean posttest score as measured by the TISP.

Table 15 provides an overview of subjects' scores on the TISP.

Table 16 reports the mean scores and standard deviations of the groups

on the TISP. The Pearson correlation coefficient for the pretest and

posttest scores on the TISP was 0.66. Therefore, analysis of covariance

was used to adjust the posttest scores using the pretest scores, before

assessing main and interaction effects. Table 17 shows the results of

the analysis of covariance for the TISP. As shown by the table, at an

alpha level of 0.05, there is no evidence to support a rejection of

H : 10, H : 11, or H : 12. Thus, mo differences were shown between the o ’ o ' o *
experimental and control group, or between internally and externally 

controlled students on the TISP. Furthermore, no interaction effects 

between groups and loci of control were demonstrated.



www.manaraa.com

76

Table 15. Pretest

Locus of Control

Internal

External

and posttest scores on the TISP.

Groups

Experimental Control

Pretest Posttest Pretest Posttest

16.3 17.7 16.0 18.2

19.3 20.2 19.3 19.5

17.6 19.7 17.7 20.5

16.6 18.6 17.0 20.0

17.5 20.0 16.3 17.5

18.6 19.2 16.7 17.3
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Table 16. Mean 
the TISP.

Locus of Control

Internal

External

pretest and posttest scores and standard deviations on

Groups

Experimental Control

Pretest Posttest Pretest Posttest

y = 17.7 y = 19.2 y = 17.7 y = 19.4

s.d. * 1.50 s.d. ■ 1.32 s.d. ■ 1.65 s.d. = 1.18

n = 3  n =* 3 n = 3 n = 3

y = 17.6 y ■ 19.3 y = 16.7

s.d. = 1.00 s.d. = 0.70 s.d. ■ 0.35

n = 3 n = 3  n = 3

y = 18.3 

s.d. = 1.50 

n = 3
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Table 17. Analysis of covariance for the posttest scores on the TISP.

Source D.F. SS MS F Ratio P

Pretest 6.194 6.194 5.836 0.046

Group 0.028 0.028 0.026 0.877

Locus of Control 0.080 0.080 0.075 0.792

Group x Locus of 0.362 0.362 0.341 0,578
Control

Error 7.429 1.061
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DISCUSSION

Using the data collected for this study, none of the null hypothe

ses regarding main effects on attainment of computer literacy were 

rejected. There was no statistically significant difference between 

the experimental and control groups on subjects' affective, cognitive 

or composite computer literacy scores ®n the MCLAA. This contradicts 

the expectation that students receiving PI on the computer (CAI) 

would show greater gains in computer literacy than those receiving PI 

via a printed text. A possible explanation is that, as a treatment, 

the CAI simply lacked potency. The majority of the subjects had some 

prior, limited experience with using a computer. Only nine of the 

81 subjects in the study had never used a computer before. However, 

the preponderance of students' computer experiences were with computer 

games. Twenty-one percent of the subjects had completed a course 

about computers or computer programming. Thus, it appears both groups 

of subjects may have gained exposure, however limited, to computers 

during and prior to, but independently from, the study.

The approximately two hours (four sessions) of CAI received by 

the experimental group in this study was possibly not a strong enough 

treatment to result in a measurable difference in computer literacy 

between the experimental and control groups. Because they are scheduled 

to do their student teaching during the second half of the semester, 

most of the students enrolled in Education 323 are also including
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other eight-week courses in the first part of their semester. While 

attending these classes, which require that students complete the same 

amount of work in one-half the amount of time as those enrolled in 

three-credit, 16 week classes, the students are effectively carrying 

course loads of approximately 18 credit hours. It is difficult to 

require more from them, in terms of outside classwork, considering 

their already demanding schedules.

There was no statistically significant difference between the 

internally and externally controlled subjects on the adjusted posttest 

scores of the affective subscale of the MCLAA, cognitive subscale of 

the MCLAA, or composite computer literacy score of the MCLAA. The 

absense of differences in the performance of internally and externally 

controlled individuals may be due to the small sample size used for 

this study. Small sample sizes make it more difficult to obtain 

statistical significance.

There was no interaction between groups (experimental and control) 

and loci of control (internal and external) in affective computer 

literacy. However, there was an interaction between the independent 

variables in cognitive computer literacy and the composite computer 

literacy score. The external subjects in the experimental group 

scored significantly higher than the external subjects in the control 

group on the cognitive subscale of the MCLAA (p ^ 0.05). In addition, 

the internal subjects in the control group scored higher than the 

external subjects in the control group on the cognitive subscale.

Also, the composite computer literacy scores of the external subjects 

in the experimental group were significantly higher than those of the 

internal subjects in the experimental group (p <  0.05).
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The findings of interaction effects between groups and loci of 

control indicate the differential value of the experimental treatment 

for externally controlled subjects and internally controlled subjects. 

Subjects with an external locus of control benefited more, in terms of 

scores on the cognitive subscale of the MCLAA and composite computer 

literacy score of the MCLAA, from the experimental treatment than 

internally controlled subjects. Research has shown that internally 

controlled students are more likely to engage in data gathering 

activities and make greater use of information than externally control

led students (Tobin and Capie, 1982b). Perhaps, externally controlled 

individuals did not gain as much exposure to or knowledge about compu

ters in situations outside of the study as their internal peers.

For example, the questionnaire completed by all participants in the 

study indicates that 17 individuals had previously enrolled in an 

elective computer class. Of those 17 subjects, only five were exter

nally controlled and 12 were internally controlled. This would support 

the assertion that, apart from exposure to the computer required within 

their course of study, internally controlled preservice elementary 

teachers are more likely to engage in activities which will give them 

experience with computers than their externally controlled peers. Thus, 

computer experiences encorporated into required courses for preservice 

elementary teachers are even more critically important for the achieve

ment of computer literacy in externally controlled individuals than 

individuals with an internal locus of control.

In this study, both the experimental and control groups received 

high-structure instructional treatments. Aside from the software, the 

main difference between the treatments was external control. Students



www.manaraa.com

82

using the printed text could gain access to correct answers before 

composing their own responses. However, those subjects learning through 

CAI were required to respond before they received knowledge of correct 

responses. Dean (1977) argues that the external discipline, present in 

CAI but not in printed PI, is necessary for learning to occur. He 

cites the educational theory which suggests that ". . . learning does 

not take place unless the learner himself is overtly involved in some 

interaction with that which he is attempting to learn. A covert inter

action which only involves recognizing or assuming that one knows the 

answer does not result in learning" (p. 2).

Research (e.g., Pines, 1973; Pines and Julian, 1972) indicates 

that internally controlled individuals are more active information 

processors and are better able to use previous information in decision 

making tasks than individuals with an external locus of control. The 

finding of interaction in this study between loci of control and groups 

suggests that the external discipline inherent in the CAI differen

tially benefitted the externally controlled students over their inter

nally controlled peers. It appears that the external control exerted 

by the CAI, was less critical for the learning process of internal 

individuals who already posessed a higher level of internalized disci

pline than their external peers.

None of the three null hypotheses regarding subjects1 achievement 

of the integrated science process skills were rejected. No differences 

were found between the experimental and control groups. Scores of 

internally and externally controlled subjects did not differ. Addition

ally, there was no statistically significant interaction between groups 

and loci of control. The lack of statistically significant effects
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may be due to the samll sample size or the instrument used to assess 

subjects' achievement of the integrated science process skills.

This study used the Test of the Integrated Science Processes 

to evaluate subjects' achievement of the integrated process skills.

The authors of the test administered it as a pretest to a sample of 

109 female college students enrolled in undergraduate courses (Tobin 

and Capie, 1982). They reported a mean performance score on the TISP 

of 13.38 out of 24 (s.d. = 4.31). The subjects in the present study 

had a mean performance score of 17.26 out of 24 (s.d. = 3.10) on the 

pretest.

As the mean score of a test approaches the number of items on 

a test, the test gets easier and the variability decreases. Thus, the 

test is less capable of discriminating between subjects and its reliab

ility decreases. This is confirmed by data in this study. Tobin and

Capie reported an alpha coefficient of 0.77 for subjects in their

study (1982); however, for subjects in this study the split-half reliab

ility was 0.64 and the Kuder-Richardson 20 reliability was 0.67. The 

lack of any significant main or interaction effects might be explained 

by a ceiling effect caused by the TISP. Pretest scores on the scale 

of the TISP were so high that significant improvement on the posttest 

was unlikely.

Tobin and Capie did not describe the level of the 109 subjects 

used for their reliability study any further than labeling them as 

undergraduates. The subjects used in this study were also undergrad

uates. However, ninety-three percent of the subjects in this study 

were seniors and the rest were juniors. If the subjects used by 

Tobin and Capie included underclassmen, this might explain the higher 

mean performance of the Purdue subjects.



www.manaraa.com

The integrated process skills were chosen as a topic to be taught 

in this study because they were relevant to the curriculum of Education 

323 and not otherwise formally taught. However, several of the students 

in this study offered unsolicited comments that they had already learned 

a number of the skills taught in the study, in an earlier requisite course 

of the Elementary Education program. In complying with the requirements 

of the Elementary Education program, students enrolled in Education 323 

have previously completed six credit hours of Biology, three credit hours 

of Physics and eight credit hours of Mathematics. Many have also satis

fied part or all of the departmental requirement for six additional 

credit hours of science. Based on the subjects' pretest TISP scores, 

it appears that many of them had mastered the integrated process skills 

in other science courses, prior to enrolling in Education 323. This, 

too, could have contributed to the higher mean performance of the 

Purdue subjects.
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SUMMARY AND CONCLUSIONS

The ubiquitous presence of computers in our society has created the 

need for a computer literate populace. Furthermore, the availability 

of microcomputers in educational settings has allowed the use of the 

computer as a medium of instruction as well as an object of Instruction. 

Successful incorporation of microcomputers into school programs is depen

dent on the efforts of computer literate classroom teachers. Therefore, 

teacher education institutions must prepare preservice elementary teachers 

to use and develop the capabilities of the computer resource.

One way to introduce computer instruction to preservice elementary 

teachers is to utilize it in existing preservice courses. This study 

was designed to determine if CAI in the integrated science process skills 

would result in differences from comparable printed PI in preservice 

elementary teachers' achievement of computer literacy and the integrated 

science process skills. In addition, it investigated the possible inter

active effect of locus of control and mode of instruction. Research on 

locus of control may help educators make specific recommendations for 

the use of CAI in individualizing educational settings.

A randomized pretest-posttest control group design was used to 

compare the computer literacy and integrated science process skills 

achievement of internally and externally controlled preservice elementary 

teachers receiving CAI and printed PI in the integrated science process 

skills. Main effects were not significant. No differences were found



www.manaraa.com

86

between the integrated science process skill achievement or computer 

literacy of individuals classified as internally and externally controlled. 

Additionally, there were no differences between the computer literacy or 

science process skill achievement of subjects receiving CAI and those 

receiving printed PI.

However, a significant (p {  0.05) aptitude x treatment interaction 

was found. Differences in posttest computer literacy scores favored the 

CAI mode when students were externally controlled. Differences between 

treatments disappeared when individuals were internally controlled. This 

might be explained by the differential amount of exposure to computers 

outside of required activities in which internally and externally con

trolled students engage. It appears that internally controlled preser

vice elementary teachers are more likely to engage in activities which 

will give them experience with computers than externally controlled 

individuals. Thus, deliberate planning for a preservice elementary 

teachers' curriculum which will ensure computer literacy is even more 

critical for externally controlled individuals than it is for their 

internally controlled peers.

Recommendations for Further Research 

There are many possibilities for further research related to this 

study which would help to elucidate its findings. A replication of this 

study using subjects who have had less previous exposure to the integrated 

science process skills and which involved instructional treatments of 

greater length would be desirable. Large variation between content and 

form of questionnaire measures of locus of control make generalizations 

from results of individual studies difficult. More, basic research,
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developing newer and more criterion-specific measures of locus of control, 

will aid researchers attempting to determine the effects of perceived 

control on the learning process. Additionally, research focusing on 

the following problems, as related to locus of control and CAI in science, 

would be useful:

1. What type of feedback is most effective? How often should 

feedback be provided? At what point in the program should feedback be 

provided?

2. What types of learner interaction are most productive?

3. How much learner control should be allowed in the design of CAI?

4. What is the relationship between important behavior variables 

related to task situations in CAI and locus of control?

5. Can CAI be used to contribute to positive changes in locus of 

control?



www.manaraa.com

BIBLIOGRAPHY



www.manaraa.com

88

BIBLIOGRAPHY

American Association for the Advancement of Science. Science--A Process 
Approach; Commentary for teachers. Washington, D.C.; Xerox 
Education Services, 1968.

Anderson, R.E., Hansen T.P., Johnson, D.C., and Klassen, D.L. Minnesota 
Computer Literacy and Awareness Assessment. St. Paul, Minnesota: 
Minnesota Educational Computing Consortium, 1979.

Anderson, R.E., Klassen, D.L., and Johnson, D.C. In defense of a 
comprehensive view of computer literacy--A reply to Luehrmann. 
Mathematics Teacher. 1981,74,687-690.

Anderson, R.E., Klassen, D.L., Johnson, D.C., and Hansen, T.P. The
Minnesota computer literacy tests: A technical report on the MECC
computer literacy field study. St Paul, Minnesota: Minnesota
Educational Computing Consortium, October, 1979. (NSF No. SED 77-18658).

Anderson, R.C., Kulhavy, R.W., and Andre, T. Feedback procedures in
programmed instruction. Journal of Educational Psychology. 1971,
62, 148-156.

Anderson, R.C., Kulhavy, R.W., and Andre, T. Conditions under which
feedback facilitates learning from programmed lessons. Journal of 
Educational Psychology. 1972, 63, 186-188.

Avner, R.A. Cost effective applications of CBE. Educational Technology. 
1978, 18, 24-26.

Avner, A., Moore, C, and Smith, S. Active external control: A basis
for superiority of CBI. Journal of Computer-Based Instruction. 1980,
6 , 115-118.

Bar-Tal, D., and Bar-Zohar, Y. The relationship between perception of 
locus of control and achievement: Review and some educational
implications. Contemporary Educational Psychology. 1977, 22,
181-199.

Battista, M.T. Computer literacy of fifth grade students and preservice 
elementary teachers involved in computer programming instruction.
The Computing Teacher, 1981, 9, 37-39.

Battista, M.T., and Krockover, U.H. A model for the computer education 
ot preservice elementary teachers. The Journal of Computers in 
Mathematics and Science Teaching. 1982, 20, 14-17.



www.manaraa.com

89

Blitz, A.N. An investigation of the ways in which personality charac
teristics affect performance on computer-assisted instruction and 
programmed text. (Doctoral dissertation, University of Kentucky, 
1972.)

Bluhn, W, The effects of science process skill instruction on preservice 
elementary teachers' knowledge of ability to use and ability to 
sequence science process skills, Journal of Research in Science 
Teaching. 1979, 16, 427-432.

Boettcher, E., Alderson, S., and Saccucci, M. A comparison of the
effects of computer-assisted instruction versus printed instruc
tion of student learning in the cognitive categories of knowledge 
and application. Journal of Computer-Based Instruction. 1981,
8 , 13-17.

Brooks, M. and Hounshell, P. A study of locus of control and science 
achievement. Journal of Research in Science Teaching. 1975, 12, 
175-181.

Brown, W.R. The effect of process-skill instruction on performance
of preservice elementary teachers. Journal of Research in Science 
Teaching. 1977, 14, 83-87.

Burns, P.K. and Bozeman, W.C. Computer-assisted instruction and math
ematics achievement: Is there a relationship? Educational
Technology. 1981, 21, 32-39.

Campbell, D.T., and Stanley, J.C. Experimental and quasi-experimental 
designs for research. Boston: Houghton Mifflin Co., 1963.

Campbell, R.L., and Okey, J.R. Influencing the planning of teachers 
with instruction in science process skills. Journal of Research 
in Science Teaching. 1977, 14, 231-234.

Charp, S. Effectiveness of computers in instruction. Viewpoints in 
Teaching and Learning. 1981, 57, 13-22.

Cohen, H. Relationship between locus of control and the development 
of spatial conceptual abilities. Science Education. 1982, 6 6, 
635-642.

Coleman, J.S., Campbell, E.Q., Hobson, C.J., McPartland, J., Mood, A.M., 
Weinfeld, F.D., and York, R.L. Equality of educational opportunity. 
Report from the Office of Education. Washington, D.C.: U.S.
Government Printing Office, 1966.

Costin,F. Lecturing versus other methods of teaching: A review of
research. British Journal of Educational Technology. 1972,
4-30.



www.manaraa.com

90

Crandall, V., Katkovsky, W., and Crandal, V. Children's beliefs In 
their own control of reinforcements in intellectual-academic 
achievement situations. Child Development. 1965, 91-109.

Cronbach, L.J. and Snow, R.E. Aptitudes and Instructional Methods.
New York: Irvington Publishers, Inc., 1977.

Daniels, R., and Stevens, J. The interaction between the internal-
external locus of control and two methods of college instruction. 
American Educational Research Journal. 1976, 2, 103-113.

Dean, P.M. Why C8I7: An examination of the case for computer-based
instruction. Journal of Computer-Based Instruction. 1977, 4,
1-7.

Dence, M. Toward defining the role of CAI: A review. Educational 
Technology. 1980, 20, 50-54.

Dennis, V.E. The effect of display rate and memory support on correct 
responses, trials, total instructional time and response latency 
in a computer-based learning environment. Journal of Computer- 
Based Instruction. 1979, 6 , 50-54.

Dickerson, L., and Pritchard, Jr., W. Microcomputers and education:
Planning for the coming revolution in the classroom. Educational 
Technology. 1981, 21, 7-12.

Duncan, D.B. Multiple range and multiple F tests. Biometrics. 1956,
11.

Dweck, C.S., and Reppucci, N.D. Learned helplessness and reinforcement 
responsibility in children. Journal of Personality and Social 
Psychology. 1973, 25, 109-116.

Edwards, J., Norton, S., Taylor, S., Weiss, M., and Dusseldorp, R.
How effective is CAI? A review of the research. Educational 
Leadership. 1975, 147-153.

Edwards, J.S., and Tillman, M. Computer-assisted instruction (CAI):
A partner for PI? Performance and Instruction. 1982, 21, 19-21.

Edwards, J., and Waters, L.K. Relationships of locus of control to 
academic ability, academic performance, and performance-related 
attributions. Educational and Psychological Measurement. 1981, 
529-531.

Eisele, J, A case for computers in instruction. Journal of Research 
and Development in Education. 1980a, 14, 1-8.

Eisele, J.E. A case for universal computer literacy. Journal of 
Research and Development in Education. 1980b, 14, 84-89.



www.manaraa.com

91

Eisele, J.E. Computers In the schools: Now that we have them . . . ?
Educational Technology. 1981, 21, 24-27,

Foreman, D. Search of the literature. The Computing Teacher. 1982,
20, 37-51.

Fry, E.B. Teaching machines and programmed instruction. An introduction. 
New York: McGraw-Hill Book Co. Inc., 1963.

Gabel, D.L., and Rubba, P.A. Science process skills: Where should
they be taught? School Science and Mathematics. 1980, 80, 121-125.

Gabel, D.L., Rubba, P.A., and Franz, J.R. The effect of early teaching 
and training experience on physics achievement, attitude toward 
science, and science teaching and the process skill proficiency. 
Science Education. 1977, 61, 503-511.

Gaynor, P. The effect of feedback delay on retention of computer-
based mathematical material. Journal of Computer-Based Instruction. 
1981, 8 , 28-34.

Glaser, R. Individuals and learning: The new aptitudes. Educational
Researcher. 1972. 1, 5-12

Gleason, G.T. Microcomputers in Education: The state of the art.
Educational Technology, 1981, 21, 7-12.

Gropper, G.L., and Lumsdaine, A.A. Experiments on active student
response to televised instruction. Studies in televised instruction, 
Interim Report for the American Institute for Research in Behavioral 
Sciences, 1960. ERIC Document ED 003 646.

Gropper, G.L., and Lumsdaine, A.A. An experimental comparison of a
conventional TV lesson with a programmed TV lesson requiring active 
student responses. Studies in Televised Instruction, Report #2, 
Pittsburgh, Pennsylvania, 1961. ERIC Document ED 003 648.

Hartley, S.S, Meta-analysis of the effects of individually paced
instruction in mathematics. (Doctoral dissertation, University 
of Colorado, 1977), Dissertation Abstracts International, 1978,
38(7-A). 4003.

Hicks, D.R. Fundamental concepts in design of experiments. New York: 
Hold, Rinehart & Winston, 1973.

Horak, V.M., and Horak, W.J. The influence of student locus of control 
and teaching method on mathematics achievement. The Journal of 
Experimental Education. 1982, 51, 18-21.

Horak, W., and Slobodzian, K. Influence of instructional structure 
and locus of control on achievement of preservice elementary 
science teachers. Journal of Research in Science Teaching. 1980,
17, 213-222.



www.manaraa.com

92

James, W.H. Internal versus external control of reinforcement as a 
basic variable in learning theory. (Doctoral dissertation, Ohio 
State University, 1957.)

Jamison, D., Suppes, P., and Wells, S. The effectiveness of alternate 
instructional media: A survey. Review of Educational Research.
1974, 44, 1-67.

Jaus, H. The effects of integrated science process skill instruction 
on changing teacher achievement and planning practices. Journal 
of Research in Science Teaching. 1975, 12, 433-437.

Johnson, D.C., Anderson, R.E., Hansen, T.P., and Klassen, D.L.
Computer literacy--What is it? Mathematics Teacher. 1980, 73,
91-96.

Johnson, J. Educator's lexicon of computerese, Arithimetic Teacher.
1983, 30, 46-49.

Kozma, R.B., Belle, L.W., and Williams, G.W. Programmed instruction.
in Instructional Techniques in Higher Education. Englewood Cliffs, 
New Jersey: Educational Technology Publications, 1978.

Kulik, J.A. Integrating Findings from different levels of instruction. 
Paper presented at Annual Meeting of the American Educational 
Research Association, 1981. ERIC Document ED 208 040.

Kulik, J.A., Bangert, R.L., and Williams, G.W. Effects of computer-
based teaching on secondary school students. Journal of Educational 
Psychology. 1983, 75, 19-26.

Kulik, J.A. and Jaske, P. A review of PSI and other educational
technologies in college teaching. Educational Technology. 1977,
17, 12-19.

Kulik, J.A., Kulik, C., and Cohen, P.A. Effectiveness of computer-
based college teaching: A meta-analysis of findings. Review of
Educational Research. 1980, 50, 525-544.

Lefcourt, H.M. Internal versus external control of reinforcement: A
review. Psychological Bulletin. 1966, 65, 206-220.

Lefcourt, H.M. Locus of control and current trends in theory and 
research. New York: John Wiley & Sons, 1976.

Lefcourt, H.M., VonBaeyer, C.L., Ware, E.E., and Cox, D.J. The multi- 
dimensional-multiattributional causality scale: The development
of a goal specific locus of control scale. Canadian Journal of 
Behavioral Science/ Rev. Canad. Sci. Comp.. 1979, 11, 286-304.

Livermore, A. The process approach of the AAAS commission on science
education, Journal of Research in Science Teaching. 1964, 2, 271-282.



www.manaraa.com

93

Lopez, A.M. Jr., Computer literacy for teachers: High school and
university cooperation. Educational Technology. 1981, 21, 15-18.

Luehrmann, A. Computer illiteracy--A national crisis and a solution 
for it. Byte. 1980, 5, 98-102.

Luehrmann, A. Computer literacy-- What should it be? Mathematics 
Teacher. 1981, 74, 682-686.

Masat, F.E. Computer literacy in higher education. AAHE-ERIC/ Higher 
Education Research Report No. 6 , American Association for Higher 
Education: Washington, D.C., 1981. ERIC Document ED 214 446.

Masuo, D.M., and Furuta, B.A. Interactive effects of prior knowledge
of "credit costs" concepts and math skills, and mode of programmed 
instruction. Journal of Computer-Based Instruction. 1981, 8,9-12.

Molnar, A. The coming of computer literacy: Are we prepared for it?
Educational Technology. 1981, 21, 26-28.

Mossman, C. Computer-based learning in higher education--The missing 
revolution. Journal of Research and Development in Education, 
1980, 14, 69-78.

Moursund, D. School administrator's introduction to instructional use 
of computers. The Computing Teacher. 1980, 8 , 8-22.

Moursund, D. The computer literate student. In, The computer:
extension of the human mind. Proceedings of the Annual Summer 
Conference, College of Education, University of Oregon, 1982.
ERIC Document ED 219 860.

Moursund, D. Computer literacy: Talking and doing. The Computing
Teacher. 1983, 10, 3-4.

Nash, A.N., Muczyk, J.P., Vettori, F.I. The relative practical effect
iveness of programmed instruction. Personal Psychology. 1971,
24, 397-418.

National Council of Supervisors of Mathematics. Position statement on 
basic skills. Mathematics Teacher. 1978, 71, 147-152.

National Council of Teachers of Mathematics. Position statements. 
Mathematics Teacher. 1978, 71, 468.

Parent, J., Forward, J., Cantor, R., and Mohling, J. Interactive
effects of teaching style and personal locus of control on student 
performance and satisfaction. Journal of Educational Psychology. 
1975, 67, 764-769.

Phares, E.J. Changes in expectancy in skill and chance situations. 
(Doctoral dissertation, Ohio State University, 1955.)



www.manaraa.com

94

Phares, E.J. Locus of control in personality. Morristown, New Jersey: 
General Learning Press, 1976.

Pines, H.A. An attributional analysis of locus of control orientation 
and source of informational dependence. Journal of Personality 
and Social Psychology. 1973, 26, 262-267.

Pines, H.A., and Julian, J.W. Effects of task and social demands on 
locus of control differences in information processing. Journal 
of Personality. 1972, 40, 407-416.

Pratscher, S. Planning for microcomputers in the classroom. Computers 
in Mathematics and Science Teaching. 1981, 1, 27-28.

Rahmlow, H.P. The case for and against computer-based education. 
Performance and instruction. 1982, 21, 36-37.

Rankin, F.J. and Trepper, T. Retention and delay of feedback in a 
computer-assisted instructional task. Journal of Experimental 
Education. 1978, 46, 67-70.

Rapaport, P., and Savard, W.G. Computer assisted instruction. Research 
on school effectiveness project: Topic summary report (prepared
for Alaska Department of Education). 1980, ERIC Document ED 214 707.

Riley, J. The influence of hands-on science process training on pre
service teacher's aquisition of process skills and attitude toward 
science and science teaching. Journal of Research in Science 
Teaching. 1979, 16, 373-384.

Rotter, J.B. Social learning and clinical psychology. Englewood 
Cliffs, New Jersey: Prentice-Hall, 1954.

Rotter, J.B. Generalized expectancies for internal versus external 
control of reinforcement. Psychological Monographs. 1966, 80,
(Whole No. 609).

Rotter, J.B., Chance, J.E., and Phares, E.J. Applications of a social 
learning theory of personality. New York: Holt, Rinehart &
Winston, 1972.

Rotter, J., Seeman, M., and Liverant, S. Internal versus external 
control of reinforcement: A major variable in behavior theory.
In, Decisions. Values and GroupsTVol. II, N.F. Washburne, ed.,
New York: Pergamon, 1962.

Schafer, J.E. Effect of individualized goal-setting on college biology
students' locus of control. Journal of Research in Science Teaching. 
1981, 18, 397-402.

Schmidt, F.B. The influence of a summer institute in inquiry-centered 
science education upon the teaching strategies of elementary 
teachers in two disciplines. (Doctoral dissertation, University 
of Oklahoma, 1969).



www.manaraa.com

95

Schramm, W. The research on programmed instruction; An annotated 
bibliography. Washington, D.C.i U.S. Department of Health, 
Education and Welfare, 1964.

Schurdak, J.J. An approach to the use of microcomputers in the instruc
tional process and an evaluation. American Educational Research 
Journal. 1967, 4, 59-73.

Seeman, M. Alienation and social learning in a reformatory. American 
Journal of Sociology. 1963, 69, 270-284.

Sherwood, R.D., Connor, J.V., and Goldberg, K.P. Developing computer 
literacy and competency for preservice and inservice teachers.
The Journal of Computers in Mathematics and Science Teaching.
1981, 1, 23-24.

Silberman, H.F. Characteristics of some recent studies of instructional 
methods, in J.E. Coulson, ed., Programmed learning and computer- 
based instruction. New York: Wiley, 1962.

Skinner, B.F. The science of learning and the are of teaching. Harvard 
Educational Review. 1954, 24, 86-97.

Smith, I.D. The effects of computer-assisted instruction on student
self-concept, locus of control, and level of aspiration. (Doctoral 
dissertation, Stanford University, 1971.)

Splittgerber, F. Computer-based instruction: A revolution in the
making? Educational Technology. 1979, 19, 20-26.

Steinberg, E.R. Review of student control in computer-assisted instruc
tion. Journal of Computer-Based Instruction. 1977, 3, 84-90.

Stipek, D.J., and Weisz, J.R. Perceived personal control and academic 
achievement, Review of Educational Research. 1981, 51, 101-137.

Swenson, R.P., and Anderson, C. The role of motivation in computer- 
assisted instruction, Creative Computing. 1982, 8 , 134-138.

Tobin, K.G., and Capie, W. The relationship of formal reasoning ability 
and locus of control. Paper presented at annual meeting of the 
Southeastern Association for the Education of Teaching of Science, 
1979, ERIC Document SE 029 196.

Tobin, K.G., and Capie, W. Development and validation of a group test 
of integrated science processes. Journal of Research in Science 
Teaching. 1982a, 19, 133-141.

Tobin, K.G., and Capie, W. Relationships between formal reasoning 
ability, locus of control, academic engagement and integrated 
process skill achievement. Journal of Research in Science Teaching. 
1982b, 19, 113-121.



www.manaraa.com

96

Visonhaler, J.F., and Bass, R.K. A summary of 10 major studies on CAI 
drill and practice. Educational Technology. 1972, 29-32.

Walter,D., and Lutta, R. Comparative effects of ability and presenta
tion mode in computer-assis ted instruction and programmed instruc
tion. 1969. ERIC Document ED 043 189.

Willet J.B., Jamashita, J.M., and Anderson, R.D. A meta-analysis of 
instructional systems applied in science teaching. Journal of 
Research in Science Teaching. 1983, 20, 405-417.

Wilson, J.H. Difference between the inquiry-discovery and the tradi
tional approaches to teaching science in elementary schools. 
(Doctoral dissertation, University of Oklahoma, 1967.)

Yeany, R., Dost, R., and Matthews, R. The effects of diagnostic-
prescriptive instruction and locus of control on the achievement 
and attitudes of university students. Journal of Research in 
Science Teaching. 1980, 17, 537-545.

Zalewski, D.L. Microcomputers and teacher education, in Microcotnputers 
for Teachers— With applications to mathematics and science.
D. Zalewski, ed., School Science and Mathematics Association, 
Bowling Green State University, Bowling Green, Ohio, 1982

Zeitler, W.R. The influence of the type of practice in acquiring
process skills. Journal of Research in Science Teaching. 1981,
18, 189-197.



www.manaraa.com

APPENDICES



www.manaraa.com

APPENDIX A

COGNITIVE AND AFFECTIVE OBJECTIVES FOR THE 

MINNESOTA COMPUTER LITERACY AND AWARENESS ASSESSMENT
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I. Cognitive

A. Hardware

1. Identify the five major components of a computer: input 
equipment, memory unit, control unit, arithmetic unit, 
output equipment.

2. Identify the basic operation of a computer system. Input
of data or information - processing of data or information - 
output of data or information.

3. Distinguish between hardware and software
4. Identify how a person can access a computer.
5. Recognize the rapid growth of computer hardware since the 

1940's.
6 . Determine that the basic components function as an inter

connected system under the control of a stored program 
developed by a person.

7. Compare computer processing and storage capabilities to the 
human brain, listing some general similarities and differences.

£. Software and Data Processing

1. Identify the fact that data processing involves the trans
formation of data by means of a set of pre-defined rules.

2. Recognize that a computer needs instructions to operate.
3. Recognize that a computer gets instructions from a program

written in a programming language.
4. Recognize that a computer is capable of storing a program 

and data.
5. Recognize that computers process data by searching, sorting,

deleting, updating, summarizing, moving, etc.
6 . Select an appropriate attribute for ordering of data for a

particular task.

C. Applications

1. Recognize specific uses of computers in some of the following 
fields: medicine, law enforcement, education, engineering, 
business, transportation, military defense systems, weather^ 
prediction, recreation, government, the library, and creative 
arts.

2. Recognize that the following activities are among the major 
types of applications of the computer: information storage 
and retrieval, simulation and modelling, process control - 
decision making, computation, and data processing.
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3. Recognize that computers are generally good at information 
processing tasks that benefit from: speed, accuracy, and
repetitiveness.

4. Recognize that some limiting considerations for using computers 
are: cost, software availability, and storage capacity.

5. Recognize the basic features of a computerized information 
system.

6. Determine how computers can assist the consumer.
7. Determine how computers can assist in a decision-making 

process.

D. Impact

1. Distinguish among the following careers: keypuncher/ 
keyoperator, computer operator, computer programmer, systems 
analyst, and computer scientist.

2. Recognize that computers are used to commit a wide variety 
of serious crimes but especially stealing money and stealing 
information.

3. Recognize that identification codes (numbers) and passwords 
are a primary means for restricting use of computer systems, 
of computer programs, and of data files.

4. Identify some advantages or disadvantages of a data base 
containing personal information on a large number of people.

5. Recognize that most "privacy problems" are characteristic
of large information files whether or not they are computer
ized.

6. Recognize that computerization both increases and decreases 
employment.

7. Recognize that computerization both personalizes and iraper-
sonalizes procedures in fields such as education.

8 . Recognize that computerization can lead to both great
independence and dependence upon one's tools.

9. Recognize that while computers do not have the mental capa
city that humans do, through techniques such as artificial
intelligence, computers have been able to modify their own 
instruction set and do many of the information processing 
tasks that humans do.

10. Recognize that alleged "computer mistakes" are usually
mistakes made by people.

11. Recognize that even though a person does not go near a compu
ter, he or she is affected indirectly because the society
is different in many sectors as a consequence of computer
ization.

E. Programming and Algorithms

1. Follow and give the correct output for a simple algorithm.
2. Given a simple algorithm explain what it accomplishes.
3. Modify a simple algorithm to accomplish a new but related task.
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II. Affective

A. Anxiety

1. Does not feel fear, anxiety, or intimidation from computer 
experiences.

Efficacy

1 . Peels confident about his/her ability to use and control 
computers.

C. Policy Concern

1. Values efficient information processing provided that it 
does not neglect accuracy, the protection of individual 
rights, and social needs.

2. Values computerization of routine tasks so long as it frees 
people to engage in other activities and is not done as an 
end in itself.

3. Values increased communication and availability of informa
tion made possible through computer use provided that it 
does not violate personal rights to privacy and accuracy
of personal data.

4. Values economic benefits of computerization for a society.

D. Enjoyment

1. Enjoys and desires work or play with computers, especially 
computer assisted learning.
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INTERPRETING DATA

In this nodule you vill learn how to construct and Interpret graphs. 
Graphs are 'pictures' that scientists use to describe relationships 
between variables.

After you finish this module you should be able to:

1. Construct a graph when provided with a brief description of 
an experiment and a table of data.

2. Identify a graph that represents some given data.

3. Describe the relationship between variables pictured on a graph.

4. Interpolate and extrapolate from data presented graphically.

Directions:

Questions with multiple choice answers may have more than one choice 
which is correct.

Answers to the first 20 questions are in the answer key on the last page. 
Check your answers after you have attempted the questions. The answers 
are not given for the final quis questions. These will be handed in, 
scored, and then returned.
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When making a graph, the x-axis (horizontal) is usually reserved for 
the manipulated variable. You, as the experimenter, choose the values 
for the manipulated variable.

The y-axis (vertical) is used to record the responding variable. You 
do not choose the values for the responding variable. They vary in 
response to changes in the manipulated variable.

For example, an experiment vas done to determine the amount of sugar 
that will dissolve in water at different temperatures. 'Water temperature1 
is the manipulated variable and belongs on the x-axis (horizontal).
'Amount of sugar dissolved' is the responding variable and belongs on 
the y-axis (vertical),

i. Suppose you did an experiment to measure the water holding capacity of 
different brands of paper towels. Which variables belong on which 
axes? (Remember, manipulated variable— x-axis; responding variable—  
y-axis)

A. towel brand— x-axis; water holding capacity— y-axis
B. water holding capacity— x-axis; towel brand— x-axis

2. Nathan suspects that there is a relationship between the number 
of candy bars he eats and the amount of weight he gains. He keeps a 
record of his candy bar intake and weight gain each week. How should 
he graph his data?

A. weight gain— x-axis; brand of candy bar— y-axis
B. brand of candy bar— x-axis; weight gain— y-axis
C. weight gain— x-axis; number of candy bars— y-axis
D. number of candy bars— x-axis; weight gain— y-axis

AM3UNT OF 
SUGAR (GRAMS)

In addition to labeling axes with the names 
of the variables, you should include the units 
with which the variables were measured.
(e.g., grams, °C)

WATER TEMPERATURE (°C)



www.manaraa.com

104
Once you have labeled the axes with the correct variables, you are 
ready to locate the position of the points on the graph.

Here is a table of data from an experiment. Which variable belongs 
on the horizontal axis?

A. typing speed (vpm)
B. amount of practice (hrs)

amount of typing speed
practice (hrs) (wpm)

20 35
40 45
60 55
80 60

The correct answer is 'B'. 'Amount of practice' is the manipulated 
variable and belongs on the horizontal axis.

Now the data points must be put on the graph.

The first pair of numbers is (20,35). To mark their positions, locate 
20 on the horizontal axis and 35 on the vertical axis. . . . straight 
up from the 20 and straight across from the 35. Where the imaginary 
lines cross is a point. Can you find it?

speed

(wpm)

60-

60 80 
amount of practice (hours)

All four pairs of points 
have been plotted on 
this graph. Check and 
make sure you agree that 
they have been correctly 
positioned.

speed

(wpm)

60

40

20
-------- , 1 ■ 1 \ i — •

20 40 60 80
amount of practice (hours)
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When constructing a graph, you will need to mark its axes with equal 
length segments that are labeled vith numerals.

years 
vatch ^ - 
lasted

2

■— ---- » “ 1 i i---------1------- —
10 20 30 150

cost of vatch (dollars)
This graph Is improperly constructed. The intervals on the vertical 
axis are not equally spaced. The differences between the numbers on 
the horizontal axis are not equal.

vatch cost 
(dollars)

years vatch 
lasted

8 2 6 *
10 2.5 years
25 3 vatch 4 -

120 15 lasted
2 -

10 20 30 40
cost of vatch (dollars)

The intervals and numbers on the axes of this graph are improved, but 
the numbers do not include large enough values for the last vatch listed 
to be plotted on the graph.
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watch cost 
(dollars)

years watch 
lasted

8 2
10 2.5
25 3

120 15

This graph would b 
in the data table.

15 -
years
watch jq _ 
lasted

5 '

30

satisfactory for graphing

60 95 i5o
cost of watch (dollars) 

the information given

3. Marta allowed herself different amounts of time and measured how 
big she could blow up a balloon. Which of the following best describes 
the graph constructed for her data?

A. x-axis correct; y-axis correct
B. x-axis incorrect; y-axis correct
C. x-axis correct; y-axis incorrect
D. x-axis incorrect; y-axis Incorrect

time (min) volume (ml)

50
120
140
145

20

40

150

40

20 -

10 4020 30
time (min)
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4. Here is a data table with the graph already made. Which of the points 
has/have been incorrectly positioned?

A. 2) and 3)
B. 1)
C. 2)
D. All points are positioned correctly.

air
(°C)

temp.. no. people 
at beach

1) 21 74
2) 15 50
3) 10 2
4) 29 125

150-

no. people 
at beach

100

50

10 ~20 30
air temp. ( C)

Rachel heated a pot of water and measured its temperature after different 
lengths of time. She graphed her data.

100 -

time (min) temp (°C)

1 25
2 50
3 75
4 100
5 100
6 100

temp
(°C)

75

50-

25-

• •

 1 1 1----
2 4 6
time (minutes)

5. Has she put the variables on the correct axes? (yes or no)

6 . Are her number scales drawn correctly? (yes or no)

7. Are all the points in the correct locations? (yes or no)
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How would you describe the relationship between two variables on a 
graph? Here's a rule that may help you and an example.

Rule: Tell what happens to the responding variable as the manipulated
variable as the manipulated variable changes.

Example: Typing speed increases as the amount of practice increases.

typing
speed

amount of practice

8 . How would you describe the relationship between the variables on 
this graph?

A. The blood alcohol level increases as the driving score decreases.
B. The driving score decreases as the blood alcohol level decreases.
C. The driving score decreases as the blood alcohol level increases.

driving 
test 

8 core

blood alcohol level
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9. Eric measured the distance his rock traveled when he stretched
his slingshot band different amounts. How would you describe the results
of his experiment shown on the graph below?

A. The distance the rock flew increased as the amount the band 
was stretched increased.

B. Hie amount the band was stretched decreased as the distance 
the rock flew decreased.

C. The distance the rock flew increased as the amount the band 
was stretched decreased.

distance
rock
flew

amount band stretched

10. An experiment was done to determine how the weight of a pendulum 
affects its period (the time*it takes to swing from one side to the 
other). How would you describe the relationship?

period

Anmrer: pendulum weight

(•jbxT“>78 aq
pxnoqe aapx aqq qnq spjon qoaxa asaqq uf aq 03 aAsq qou saop usasub jnoj) 

•mnxnpuad aq^ 30 po-paad aqa uo 33333a ou saq mnxnpuad aqa 30 aqSpa* aqx 
'sasaa.iou'p 3q8xaA mnxnpuad aqq sa quaqauoo supamaa mnxnpuad aq} 30 poxaad aqx

The pattern formed by points on a graph does not always form a straight 
line. Look at the graph below of an experiment with bean seedlings 
which were given varying daily amounts of water.

plant
growth

amount of daily water
As amount of water increases, plant growth increases to a point and 
then decreases.
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11* Gretta kept track of the number of flies she found in her apartment 
each month for one year. How would you describe the relationship between 
the two variables she graphed below??

A. The number of flies increased as the year progressed.
B. Between January and September, the number of flies increased, 

and then it decreased for the rest of the year.
C. Between January and August, the number of flies increased, 

and then it decreased for the rest of the year,

154

flies jo.
per

month
5-

1 2 3 4 5 6  7 8 9  10 11 12
month

In both of the graphs below, the responding variable increases as the 
manipulated variable increases. However, something looks different 
between the two graphs. Can you tell what it is?

responding
variable

m a n i p u l a t e d v a r i a b l e

Answer:

‘sasBaxaax axqapasA pa^eindpnem aqx se ‘XxaBauxiuou 'sasssaouj axqBX-iBA 
Sappaodsaa aqx xeqx Ab b pinoo noA ‘xxvxap aaom ux qdBJS aqx aqxaosap ox 

*3q8pvJ3* xou ‘paAjno ex xx ‘aaAa/toq Jauxx b nuoj squpod aqx ‘ ,g( qdaaS uj

'sasBaaoux axqvxaBA paxBxndxuBm aqx sb '(Xxipsaxs j o ) Axavauxx 
‘sasvaaonx axqaxaBA Saxpnodsaa aqx xaqx Ab b pxnoo noA ‘XT»3*P aaom 

QX qdvaS aqx aqxaosap ox *auxi xq8x*axB b maoj sxuxod aqx ‘ ,y, qdsaS ui
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This graph shows the relationship between the weight of an object 
and its distance from the earth's surface.

Is the relationship linear or nonlinear?

weight

distance from surface
Answer: 

jeauj xuou
To describe how these variables are related you could say:
The weight of the object decreases nonlinearly as the distance of the 
object from the earth's surface increases.

12. Zach did an experiment to see how the amount of protein in the 
diet of turkeys affected their weight gain. Using the graph of his 
data, how would you describe the relationship between these variables?

A. Weight gain decreases nonlinearly as protein decreases.
B. Protein increases linearly as weight gain increases.
C. Weight gain increases nonlinearly as protein increases.
D. Weight gain increases to a point and then decreases as protein

increases.

weight
gain

protein in diet
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13. Tom set up an experiment to determine if the price of a theater 
ticket affects how many people attend a movie. He found that the 
average number of people attending a movie decreased nonlinearly as 
the price of the ticket increased.

Which graph(s) would match the relationship he found?

1£. Lois went up to the Boundary Waters Canoe Area in Minnesota for 
a fishing trip. While fishing, she collected some data and found that 
the average weight of the fish she caught increased linearly as the 
size of the fish hook she used increased.

Which graph(s) would match with the relationship she found?

B

15. Below is data, in graphic form, of the radioactive decay of a 
piece of uranium. How would you describe the relationship between 
the two variables graphed?

A. The radioactivity decreases nonlinearly as time increases.
B. The radioactivity decreases nonlinearly as time decreases.
C. The radioactivity decreases linearly as time increases.
D. The radioactivity decreases linearly as time decreases.

radioactivity

time
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16. Kate used 3 brands of fertilizer (X,Y, and Z) on 3 or her violets. 
She kept track of their growth (total number of leaves) each day.
She graphed her data but forgot to label each sst of points. She 
remembers that she used Brand X fertilizer on the plant that grew the 
fastest. Can you tell which points form the line which represents 
Brand X?

growth

. C

time

You have seen how graphs can be used to picture relationships between 
variables. Another way you can use graphs is to make predictions. 
Let's look at an example!

Marbles, all the same size, were dropped in a graduated cylinder 
which was partially filled with water. The water level was measured 
after 5, 10, and 15 marbles were dropped in the cylinder. Below is 
a graph of the data obtained.

60

water level

(ml)

40

20-

 1 1 1 1

5 10 15 20
number of marbles

Even though the water level wasn't measured when 7 marbles were added, 
you could use the graph to predict that it would be approximately 
34 ml.

Using your graph to make predictions between observed values is called 
interpolation ('inter-' means between).
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Can you predict vhat the water level would be if 20 marbles were added 
to the cylinder? (Use the previous graph.)

Answer:
*B3sp 31)3 jo uo73BxodBJ3X3 mojj apem 

sx uof^oxpaad jo puj^ sjhj, *im 09 punoas aq pinoqs aaASUB anox

The process of extending a relationship outside the range of obser- 
vations is called extrapolation ('extra-' means 'outside* or 'beyond*. 
Don't you wish you took Latin so you'd already know all this?)

Use the graph below for questions 17-20. 
15 -

child's
weight 10 -
(kg)

~i----- 1------[----- r-
6 12 18 24

age (months)

17. Predict the weight of the child at 9 months.

A. 8 kg
B. 10 kg
C. 12 kg
D. 14 kg

18. What method did you use to make your prediction?

A. interpolation
B. extrapolation

19. What would you predict the child's weight will be at 2 years?

A. 14 kg
B . 16 kg
C. 18 kg
D. 20 kg

20. What method did you use to make your prediction for question #1<9?

A. interpolation
B. extrapolation
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Which prediction did you have more confidence in, the one made by 
interpolation (9 months) or extrapolation (2 years)?

Answer;
•uo'p^BXodjta^u'j aq pxnoqs aa/isua ino^

The farther you extrapolate to make your prediction, the less con
fidence you can have in your prediction. For example, if you used 
the graph to predict how much the "child" would weigh at 50 years 
of age your answer would be approximately 400 kg!(That's 880 pounds 
in case you're still not thinking metric.) This shows the danger of 
extrapolating a graph too far.

ANSWER KEY

1. A
2. D
3. C
4. C
5. yes
6 . yes
7. no
8 . C
9. A 
10.
11. C
12. C
13. B,C
14. A
15. A
16. A
17. B
18. A
19. D
20. B
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1. A food processing company does an experiment to see how long they 
need to heat their canned beans to insure that they will be safe for 
consumption. Different sized cans are used and the temperature of the 
center of the can of beans is measured after 5 minutes in the retort 
(pressure cooker), They find that the temperature of beans in the 
center of the can decreases nonlinearly as the volume of the can 
increases. Which graph(s) will match with the relationship they found?

B

Rick tested Matt's eyesight by having him try to identify, at 
different distances, 20 letters printed on a sheet of paper. The graph 
and table below show the data from his experiment. Use them to answer 
questions 2 and 3.

distance (ft) % letters correct

100
95
90

distance
(ft)

25
V I I 1
25 50 75 100

Vo letters correct

2, Is the graph made properly?

A. Graph O.K.
B. Variables on wrong axis
C. Scales not drawn correctly
D. Points in wrong location

3. How would you describe the relationship between the % letters 
identified correctly and Matt's distance from the paper?

A. As the distance decreased, the 7* letters correct decreased nonlinearly.
B. The 7. letters correct decreased nonlinearly as the distance decreased.
C. The 7o letters correct increased nonlinearly as the distance decreased.
D. As the distance increased, the 7, letters correct decreased nonlinearly.
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Margaret made some sauerkraut. She shredded her cabbage, added 

salt, and waited for the microorganisms to start the fermentation. 
Every other day, she measured the acidity of the sauerkraut. Below 
is her data table and a graph she made. Use them to answer questions 
4 through 6 .

time (days)
1
3
5
7
9

7 acid
0.3
0.4
1.6
3.0
3.3

4-

3*
7
acid 2 .

4 6 8
time (days).

" "T *10

4. Is the graph made properly?

A. Graph O.K.
B. Variables on wrong axis
C. Scales not drawn correctly
D. Points in wrong location

5. How would you describe the relationship between time and acid production?

A. As time increases, the 7. acid increases linearly.
B. As time increases, the % acid decreases linearly.
C. As time increases, the % acid increases nonlinearly.
D. The 7 acid decreases nonlinearly as time increases.

6 . How much acid do you predict would have been produced by Day 8 ?

A. 2.57. acid
B. 2.97 acid
C. 3.27 acid
D. 3.47 acid
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" 0  LET C=0
71 CLS
72  LET C=C+1
73  OVER=RNDC1 2 7 )
74 D0WN=RND<47)
7 5  SET < OVER, DOWN)
76  I F  C=10 00 GOTO 79  
~7 GOTO 7 2
79 FOR D0WN=15 TO 29 
79  FOR 0VER=25 TO 94
30 RESET(OVER,DOWN)
31 NEXT OVER
32 NEXT DOWN
33 PR IN T 846S ," ID E N T IF Y IN G  VARIABLES";
34 PRINT(?°60 , "PRESS 'ENTER' KEY TO CONTINUE " !
3 5  INPUT I *
100 CLEAR 130
131 CLS
132 PR IN T:PRIN T
135 PRINT " IN  THIS MODULE YOU WILL LEARN TO IDENTIFY VARIABLES,
140 PRINT "AN IMPORTANT SKILL IN  EXPERIMENTATION. IT  WILL BE IMPORTANT 
1 4 5  PRINT "WHEN YOU DO YOUR OWN EXPERIMENTS, AS WELL AS WHEN YOU ARE 
150  PRINT "ANALYZING SOMEONE E L S E 'S  EXPERIMENT."
160 P R IN T : PR IN T : P R IN T : P R IN T : PRINT 
170 PRINT "PRESS 'ENTER' TO CONTINUE"
190 INPUT " " ; a*
188 CLS
190 PRINT "AFTER YOU F IN IS H  THIS'MODULE YOU SHOULD BE ABLE TO:
2 0 0  PRINT
210  PRINT " 1 .  IDENTIFY VARIABLES WHICH ARE MANIPULATED, RESPONDING,
2 20  PRINT "OR CONTROLLED, GIVEN A DESCRIPTION OF AN INVESTIGATION.
2 3 0  PRINT
2 40  PRINT " 2 .  IDENTIFY VARIABLES WHICH MAY AFFECT THE DEPENDENT
2 5 0  PRINT "VARIABLE S P E C IF IE D , IN  A GIVEN PROBLEM."
2 60  P R IN T :P R IN T :P R IN T :P R IN T
2 70  PRINT "PRESS 'ENTER' TO CONTINUE"
280 INPUT " " ;A *
290 CLS
2 9 9  PR IN T:PRINT
30 0 PRINT "THE COMPUTER WILL WAIT FOR YOU TO RESPOND TO A QUESTION"( PR 
310  PRINT "BEFORE IT  CONTINUES . I F  NO QUESTION HAS BEEN - P O S E D : f :RIN 
320  PRINT "YOU WILL NEVERTHELESS NOTICE A QUESTION MARK AT TH E": PRINT 
7 2 5  PRINT "BOTTOM OF THE SCREEN. SIMPLY PRESS THE 'ENTER' KEY":PRINT 
320  PRINT "AND THE PROGRAM WILL CONTINUE. " : PRINT 1 PRINT 
340  INPUT "" JA S  
350 CLS
360 PRINT .'PRINT
370  PRINT"QUESTIONS WITH MULTIPLE CHOICE ANSWERS MAY HAVE MORE THAN ONE 
390  PRINT-CHOICE WHICH I S  CORRECT.
390 PRINT
40 0 P R IN T - IF  YOU WANT TO ANSWER WITH MORE THAN ONE CHOICE, PUT A DASH 
410  PRINT"BETWEEN YOUR CHOICES AND L IST  THEM IN ALPHABETICAL ORDER.
420 p r i n t : p r i n t
430  PRINT"WOULD YOU LIKE TO TRY a SAMPLE QUESTION?0 (YES OR NO)
440  INPUT I S  
450 LET AS="YES"
460 I F  A S O I 'E  GOTO 700

H
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4 70  CLS
180 p r i n t : p r i n t :PRIN T
490 PRINT"PURDUE'S SCHOOL COLORS ARE:
5 0 0  PRINT
510  PRIN T" A. BLACK
5 2 0  PRINT" B . GOLD
530  PRINT" C. PINK
540  P R IN T:PR IN T
550  PRINT"THE ANSWER TO THIS QUESTION I S  BOTH CHOICES ' A '  AND B , ,
560  PRINT"SO YOU SHOULD TYPE ON THE KEYBOARD: A-B
5 6 5  PRINT
5 7 0  LET A *="A -B "
5 7 5  PRINT"TRY TYPING: A-B
580 INPUT I *
5 3 8  I F  A *= I*  GOTO 3 9 9
59 0  CLS
591 PRIN T"QO PS!!  TRY AGAIN!!!
5 9 2  PRINT
5 9 3  PRINT"REMEMBEK, I F  THE CORRECT ANSWER INCLUDES MORE THAN ONE CHOICE,
5 9 4  PRINT"YOU MUST TYPE THE LETTERS IN  ALPHABETICAL ORDER.
5 9 5  GOTO 490
599 c l s : p r i n t : p r i n t : p r i n t : p r i n t
6 0 0  P R IN T " IF  YOU HAD TYPED ' B - A ' ,  THE COMPUTER WOULD HAVE SCORED YOUR
6 0 1  PR IN T” ANSWER AS INCORRECT BECAUSE THE LETTERS ARE NOT LISTED IN
102 PRINT"ALPHABETICAL ORDER.
103 P R IN T !P R IN T " !  THINK YOU'VE GOT I T ! !
104 p r i n t : p r i n t : p r i n t : p r i n t
605 INPUT 1$
50 8  CLS
509 p r i n t : p r i n t : p r i n t : p r i n t
510 INPUT"SHALL WE BEGIN THE" Q UIZ?? CYES OR N G ) " ; i *
^00  CLS
~1Q P R IN T ’.P R IN T :  PRINT
^2 0  PRINT "A VARIABLE I S  SOMETHING WHICH CAN VARY OR CHANGE 
730  PRINT
740 PRINT " I N  A S IT U A T IO N ."
7 4 5  P R IN T :P R IN T :P R IN T  
~50 INPUT " " ; i *
T60 CLS
300 PRINT "LOOK AT AN EXAMPLE:" :  P R IN T P R IN T
310  PRINT "THE HEIGHT A BALL WILL BOUNCE WHEN DROPPED I S  AFFECTED"
920 PRTNT"BY THE MATERIAL A BALL I S  MADE O F ."
330 PRINT
340 PRINT "THE VARIABLES IN THIS STATEMENT ARE:
350  PRINT
360 PRINT " 1 .  MATERIAL BALL I S  CONSTRUCTED FROM
970 PRINT " 2 .  DISTANCE BALL REBOUNDS
9 7 5  PRINT " 3 .  MANNER OF RELEASE
380 PRINT
390 PRINT "NOTICE, I T  I S  NOT ENOUGH TO JUST SAY THE VARIABLES'ARE
90 0 PRINT " 'M A TER IA L ' AND 'D IS T A N C E '.  YOU MUST INCLUDE HOW THEY
9 1 0  PRINT "ARE EVALUATED1"
9 20  INPUT " " : i $
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12 0 0  CLS 
1 2 0 5  LET CANS=0 
1 2 1 0  PRINT
122 0  PRINT"SEE I F  YOU CAN IDENTIFY THE VARIABLES IN THIS STATEMENT: 
1 2 2 5  PRINT
123 0  P R IN T " 1 .  A STUDY HAS DONE TO SEE I F  STUDENTS' SCORES ON A TEST 
12 * 0  PRINT"DEPENDED ON THE NUMBER OF HOURS THEY STUDIED.
1 2 5 0  PRINT J PRINT
126 0  PRINT"WHAT ARE THE VARIABLES??
1 2 7 0  PRINT
1 2 9 0  PRINT" A. STUDENTS' TEST SCORES
129 0  PRINT" B . HOURS
1 3 0 0  PRINT" C .  HOURS SPENT STUDYING
13 18  PRIN T" D. SCORES
1 32 0  LET A *="A -C "
1 3 3 0  PRINT 
1 3 4 0  INPUT I *
1350  GOSUB 2 0 0 0 -
1360  I F  CS=D* GOTO 120 0
1400  CLS
1 4 0 5  PRINT-TRY ANOTHER PROBLEM:
1410 PRINT
1 4 1 5  P R IN T " 2 .  THE AMOUNT OF B-VITAMINS THAT I S  LOST HHEN COOKING 
1420  PRINT"GREEN BEANS IN  BOILING HATER INCREASES AS THE LENGTH OF 
1 4 2 5  PRINT-TIME THE BEANS ARE COOKED INCREASES.
1 430  PRINT
1 4 3 5  PRINT"THE VARIABLES IN  THE STATEMENT ARE:
144 0  PRINT" A. B-VITAMINS
1 4 4 5  PRINT" B . TIME
1450  PRINT" C . LENGTH OF TIME BEANS ARE COOKED
1 4 5 5  PRINT" D. AMOUNT OF B-VITAMINS LOST
1 4 6 0  LET A * *"C -D "
1 4 6 5  INPUT I *
14 7 0  GOSUB 2000
147 5  I F  C*=D* GOTO 1 4 1 5
160 0  CLS
1 6 0 5  PRINT"EXPERIMENTS MAY HAVE MORE THAN TWO VARIABLES INVOLVED.
1 6 1 0  PRINT"HOW MANY CAN YOU IDENTIFY IN  THIS EXPERIMENT?
1 6 1 5  P R IN T ’.PRINT
162 0  P R IN T " 3 .  SARAH BAKED HER AWARD-WINNING BREAD BY LETTING HER 
1 6 2 5  PRINT"MIXTURE OF YEAST, SUGAR, FLOUR, SALT, AND WATER 
1630  PR IN T"RISE  OVERNIGHT AND THEN BAKE FOR 20 MINUTES AT 
1 6 3 5  P R IN T "3 75  DEGREES FAHRENHEIT.
1640 PRINT
16 4 5  PRIHT-WHAT ARE SOME OF THE VARIABLES INVOLVED'30
164 6  PRINT" (YOU MAY TYPE IN  AN ANSWER OF NO MORE THAN 2 LIN ES;
1650  PRINT
1 6 5 5  INPUT I *
1660 PRINT
1 6 6 5  PRINT"YQUR ANSWER COULD HAVE INCLUDED: BRANDS OF INGREDIENTS,
1670  PRINT-AMOUNTS OF INGREDIENTS, AMOUNT OF TIME BREAD WAS ALLOWED TO 
1 6 7 5  P R IN T "R IS E ,  BAKING TEMPERATURE, AND AMOUNT OF TIME BREAD BAKED. 
1 6 7 8  PRINT
1680 PRINT"THERE ARE OTHER VARIABLES, TOO, WHICH WEREN'T MENTIONED
168 5  PRINT"SPECIFICALLY IN THIS PASSAGE.
1690  INPUT I *
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■800 CLS
1 8 0 5  PRINT"TRY ONE MORE PROBLEM TO MAKE SURE YOU HAVE MASTERED THE 
18 10  PRINT"ART OF IDENTIFYING VARIABLES.
1 8 1 5  INPUT I *
1 8 1 8  CLS
1820  PRINT " 4 .  ALBERT DID AN EXPERIMENT TO SEE I F  THE TEMPERATURE OF A 
1 8 2 5  PRINT-BEAKER OF WATER AFFECTED HOW QUICKLY SALT WOULD DISSOLVE IN  I T .  
1830  PRINT
1 8 3 5  PRINT-WHAT ARE SOME VARIABLES IN  ALBERT'S EXPERIMENT??
1840 PRINT
18 45  PRIN T” A. WATER TEMPERATURE
1850 PRINT" B. THE WATCH ALBERT USED TO MEASURE TIME
■855 PRINT" C . THE AMOUNT OF TIME I T  TOOK THE SALT TO
19 5 6  PRIN T" COMPLETELY DISSOLVE.
I8 6 0  PRINT" D. TIME
1 3 6 5  PRIN T” E .  TEMPERATURE
1 8 6 8  PRINT
■370 LET A *="A -C "
1872  PRINT 
1 3 7 5  PRINT 
1880  INPUT I *
1 8 8 5  GOSUB 2 0 0 0
13 90  I F  C*=D* GOTO 1820
1900  GOTO 21 00
20 0 0 I F  A * O I *  GOTO 2 0 6 0
2 0 0 5  LET CANS=CANS+1
20 10  PRINT"THAT' S RIGHT!! KEEP G O I N G ! ! ! ”
2 0 1 5  LET C $ = " . "
2020  INPUT I *
2 0 5 5  RETURN
2 0 6 0  PRINT"BAD BREAK! REMEMBER, WHEN YOU NAME VARIABLES, YOU MUST 
2 0 6 5  PRINT"INCLUDE HOH THEY ARE EVALUATED.
2070  PRINT"WOULD YOU LIKE TO TRY AGAIN?? (YES OR NO)
2 0 7 4  LET C*="YES"
2 0 7 5  INPUT D«
2 0 7 7  CLS 
2 0 8 0  RETURN
210 0  I F  CANS=3 GOTO 2 1 5 0  
2 1 0 3  CLS
n o *  p r i n t : p r i n t
2 1 0 5  PR IN T"IN  THE PREVIOUS SECTION OF THIS PROGRAM, YOU ANSWERED 
2110 PR IN T ! CANS J " OF THE 3 MULTIPLE CHOICE QUESTIONS CORRECTLY.
2 1 1 5  PRINT
21 20  PRINT"WOULD YOU LIKE TO REVIEW THIS PART OF THE PROGRAM'”  (YES OR NO.< 
2 1 2 5  LET A 4="YES”
213 0  INPUT I S
2 1 3 5  I F  A S=I*  GOTO 700
21 40  GOTO 2 2 0 0
2150 P R IN T ! PRINT
2 1 5 2  CLS
2 1 5 5  PR IN T"IN  THE PREVIOUS SECTION OF THIS PROGRAM, YOU ANSHERED 
2160  PRINT"ALL OF THE 3 MULTIPLE CHOICE QUESTIONS CORRECTLY.
2 1 6 5  PRINT
2 1 7 0  ?R IN T ” S U P E R !!!
2 1 7 5  PRINT
2 1 9 0  PRIN T” YOU ARE READY TO GO ON TO THE SECOND OF THE FOUR SECTIONS 
2 1 3 5  P R IN T -IN  THIS PROGRAM.
21P0 INPUT 14
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V

2 20  0 CLS
2 2 0 4 p r i n t : p r i n t : p r i n t
2 2 0 5 PRINT"WHICH WOULD YOU PREFER TO DO??
22 10 p r i n t :PRIN T
2 2 1 5 PRINT" A. STOP HERE AND F IN IS H  THE REST OF THE PROGRAM AT A
22 20 PRINT" LATER DATE.
2 2 2 5 PRINT" B . CONTINUE ON TO THE SECOND SECTION.
22 30 LET A *="B “
22 35 PRINT
2 2 3 8 PRINT t P R IN T ! PRINT I PRINT
2240 INPUT I *
22 4 5 I F  A *=IS  GOTO 2 5 0 0
2 2 4 9 PRINT
2 2 5 0 INPUT"ARE YOU S U R E ??" IB S
2 2 5 5 LET CS="YES"
22 60 I F  B*=CS GOTO 9 9 9 9
2 2 6 5 PR IN T"TH IS  SURELY I S  A TOUGH DECISION , BUT YOU'RE GOING TO
22 7 0 PRINT"HAVE TO MAKE UP YOUR MIND! r
2 2 7 5 GOTO 2 2 0 5
250 0 CLS
2 5 0 2 LET CANS=0
25 0 5 PRINT t PRINT
251 0 P R IN T " IF  A VARIABLE I S  DELIBERATELY CHANGED (OR MANIPULATED),
2 5 1 5 P R IN T - IT  I S  CALLED A MANIPULATED VARIABLE.
25 20 PRINT
2 5 2 5 PRINT"YOU, AS AN EXPERIMENTER, OFTEN SELECT THE
2 5 3 0 PRINT"MANIPULATED VARIABLE.
2 5 3 5 P R IN T : PR IN T : PRINT
25 40 INPUT I *
2 5 4 5 CLS
2 5 5 0 P R IN T " 5 . RECALL THE INVESTIGATION DONE TO DETERMINE THE EFFECT
2 5 5 5 PRINT"OF STUDY HOURS ON. STUDENTS' TEST SCORES.
25 6 0 PRINT
2 5 6 5 PRINT"WHAT WAS THE MANIPULATED VARIABLE (THAT I S , THE ONE WHICH
25 70 PRINT"WAS DELIBERATELY CHANGED)??
2 5 7 5 PRINT
2 5 8 0 PRINT" A. STUDENTS' TEST SCORES
2 5 8 5 PRINT" B. HOURS SPENT STUDYING
259 0 LET AS="B"
25«>5 PRINT
26 00 INPUT I *
2 6 0 5 GOSUB 3300
2610 I F  CS=DS GOTO 25 5 0
270 0 CLS
2 7 0 5 P R IN T " 6 .  THE TEMPERATURE OF THE HATER IN  A LAKE WAS MEASURED
2710 PRINT"AT DIFFERENT DEPTHS.
2 7 1 5 PRINT
272 0 PRINT"WHAT I S  THE MANIPULATED VARIABLE IN  THIS INVESTIGATION??
2 7 2 5 PRINT
273 0 INPUT I *
2 7 3 5 PRINT
274 0 PRINT” THE MANIPULATED VARIABLE I S  'DISTANCE BELOW THE WATER'S
2 7 4 5 PRINT"SURFACE. '  YOUR "ANSHER DOESN'T HAVE TO BE EXACTLY THESE
2750 PRINT"WORDS, BUT IT  SHOULD BE SIMILAR.
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7 7 3 5  PRINT
2 7 6 0  P R IN T " IF  YOUR ANSWER WAS ONLY 'D E PT H ' OR 'D IS T A N C E ',  I T  WAS AN 
2 7 6 5  PRINT"INCOMPLETE ANSWER. THE ANSWER SHOULD DESCRIBE HOW THE 
2 7 7 0  PRINT"VARIABLE WILL BE MEASURED.
2 7 7 5  PRINT 
27 8 0  INPUT I *
2 9 0 0  CLS
2 9 0 5  P R IN T " 7 .  EMIL WONDERED I F  THE LENGTH OF TIME THAT A CANDLE WOULD 
2 9 1 0  PRINT"BURN IN A CLOSED JAR WAS DETERMINED BY THE VOLUME OF THE JAR. 
2 9 1 5  PRINT
2 9 2 0  PRINT"WHAT WOULD BE THE MANIPULATED VARIABLE IN  E M IL 'S  EXPERIMENT 
2 9 2 5  PRINT"TQ ANSHER HIS QUESTION??
2 9 3 0  PRINT
2 9 3 5  PRINT" A. TYPE OF CANDLE
294 0  PRINT" B. LENGTH OF TIME THE CANDLE BURNED
2 9 4 5  PRINT" C. TIME
293 0  PRINT" D. VOLUME OF THE JAR
2 9 5 5  LET AS="D"
2 9 6 0  PRINT
2 9 6 5  INPUT 19
2 9 7 0  GOSUB 3300
2 9 7 5  I F  CS=DS GOTO 2 9 0 0
310 0  CLS
3 1 0 5  P R I N T " 8 . THE MORE OFTEN A RAT I S  ALLOWED TO RUN THROUGH A MAZE,
3 1 1 0  PRINT"THE QUICKER HE WILL BE ABLE TO DO I T .
3 1 1 5  p r i n t : p r i n t
3 1 2 0  PRINT"MHAT I S  THE MANIPULATED VARIABLE IN  THIS SITUATION?"
3 1 2 5  PRINT
31 30  PRIN T” A. TIME
3 1 3 5  PRINT" B . AVERAGE AMOUNT OF TIME I T  TOOK THE RAT TO RUN THROUGH
3 1 4 0  PRINT" THE MAZE EACH TIME
3 1 4 5  PRINT" C . AMOUNT OF-TIME I T  TOOK THE RAT TO RUN THROUGH THE MAZE
3 1 5 0  PRINT" THE MOST RECENT TIME
3 1 5 5  PRINT" O. NUMBER OF TIMES THE RAT HAS RUN THROUGH THE MAZE
3 1 6 0  LET AS="D"
3 1 6 5  PRINT 
31 70  INPUT I *
3 1 7 3  GOSUB 3.30 0
31S0 I F  C*=OS GOTO 3 1 0 0
31 90  GOTO 3 3 8 3
33 00  I F  AS-..-IS GOTO 3 3 6 0
3 3 0 5  LET CANS=CANS-*-l
33 1 0  PRINT"GOOD ANSWER!! CARRY ON! ! !
3 3 1 5  LET CS=" . "
3320  INPUT IS  
3 3 5 5  RETURN
3 3 6 0  PRINT"NQPE! KEEP IN MIND THAT THE MANIPULATED VARIABLE I S  THE 
3 3 6 3  PRTNT"ONE WHICH I S  DELIBERATELY CHANGED.
3 3 7 0  PRINT-WOULD YOU LIKE TO TRY AGAIN?? (YES OR NO)
3 3 7 4  LET C*="YES"
3 3 7 5  INPUT DS 
3 3 7 7 CLS 
3380  RETURN
33 S 3  CLS: p r i n t : p r i n t
3 2S 4  PRINT"UP TO THIS PO IN T, YOU HAVE FOCUSED YOUR ATTENTION ON
3 3 8 5  PRINT"MANIPULATED VARIABLES. " ! PR IN TtPRIN T
3 3 8 6  PRINT-APE THERE ANY OTHER K IN D S ?" : P R IN T : PRINT
3 3 8 7  PRINT-CONTINUE ON AND YOU'LL S E E ! " I P R I N T : PRINT 
3 3 3 8  IN ° 'JT  IS
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3 3 8 9  CLS: P R IN T 1 PRINT
3 3 9 0  PRINT"THE MORE CALORIES A PERSON TAKES I N ,  THE MORE WEIGHT HE WILi_" SPRINT"G 
A IN . ” JPRINT JPRINT
3 3 9 1  P R IN T "IN  THE STATEMENT ABOVE, 'NUMBER OF CALORIES TAKEN I N '
3 3 9 2  P R IN T " IS  THE 'MANIPULATED V A R IA BLE '. “ SPRINT
3 3 9 3  PRINT"ANOTHER IMPORTANT VARIABLE I S  'WEIGHT GAINED BY AN I N D I V I D U A L P R I N  
T "T H IS  VARIABLE I S  CALLED THE 'RESPONDING V A R I A B L E P R I N T
3 3 9 9  PRINT"THE 'RESPONDING VARIABLE' I S  THE VARIABLE THAT CHANGES AS A 
3 3 9 3  PRINT"RE5ULT OF A CHANGE IN THE MANIPULATED VARIABLE -
3 3 9 6  PRINT"YOU DO NOT CHOOSE THE VALUES FOR THE RESPONDING VARIABLE.
3 3 9 7  PRINT"THEY CHANGE IN  RESPONSE TO CHANGES IN  THE MANIPULATED VARIABLE.
3 3 9 8  INPUT I *
3 3 9 9  CLS
3900 p r i n t : p r i n t : p r i n t ; p r i n t
3 9 0 5  PRINT"USE THE NEXT 3 PROBLEM SETS TO PRACTICE IDENTIFYING 
3 9 1 0  PRINT"MANIPULATED AND RESPONDING VARIABLES.
3 9 1 5  INPUT I S
3 9 1 8  GOSUB 392 0
3 9 1 9  GOT03975
3 9 2 0  CLS
3 9 2 5  PRINT"A STUDY WAS DONE WITH LABORATORY MICE TO SEE I F  THE AMOUNT
3 9 3 0  PRINT"OF CAFFEINE CONSUMED HAD AN EFFECT ON THE 7. OF OFFSPRING
3 9 3 5  PRINT"BORN WITH DEFORMITIES.
3 9 9 0  PRINT
3 9 9 5  P R IN T " .  A. OFFSPRING BORN
3950  PRINT" B. 7. OF OFFSPRING BORN WITH DEFURMITIE3
3 9 5 5  PRINT" C . TYPE OF COFFEE USED
3 * 6 0  PRIN T” D. AMOUNT OF CAFFEINE CONSUMED
3 9 6 5  PRINT" E .  NUMBER OF MICE TESTED
3 9 7 0  RETURN
3 9 7 3  PRINT
3980  PRINT” 9 .  WHAT I S  THE MANIPULATED VARIABLE??
3 9 8 5  LET A*="D,r 
39 9 0  PRINT 
3 9 9 5  INPUT I *
35 0 0  GOSUB 3700
3 5 0 5  I F  CS=DS GOTO 3 9 1 8
3 5 1 0  CLS
3 5 1 5  GOSUB 3920
3 5 1 7  PRINT
3 5 2 0  PRINT" 1 0 .  WHAT I S  THE RESPONDING VARIABLE?'5 
3 5 2 5  LET AS="B“
3 5 3 0  PRINT 
3 5 3 5  INPUT 1$
3 5 9  0 GOSUB 36  0 0
3 5 9 5  I F  C*=D* GOTO 351 0  
35 5 0  GOTO 38 00
360  0 I F  A 4 -O IS  GOTO 3660  
3 6 0 5  LET CANS=CANS+1
36 1 0  PRINT"CORRECT!! YOU MAY C O N T IN U E !!1 
3 6 1 5  LET C S = " . "
3620  INPUT 14  
3 6 2 5  RETURN
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3 6 6 0  PRIN T"CU RSES!! FOILED AGA IN!!!
3 6 6 5  PRINT"KEEP IN  MIND THAT THE RESPONDING VARIABLE CHANGES AS A 
3 6 7 0  PRINT"OF A CHANGE IN THE MANIPULATED VARIABLE.
3 6 7 5  PRINT"WOULD YOU LIKE TO TRY AGAIN?? (YES OR NO)
3 6 7 8  LET CS«"YES"
3 6 8 0  INPUT D*
3 6 8 2  CLS 
3 6 8 *  RETURN
3 7 0 0  I F  A I O I J  GOTO 3 7 6 0  
3 7 0 5  LET CANS-CANS+1
37 1 0  PRINT"CORRECT!! YOU MAY CONTINUE!!!
3 7 1 5  LET CS=“ . "
372 0  INPUT 1 6  
3 7 2 5  RETURN
3 7 6 0  P R IN T "C U R S £S !! FOILED AGAIN!!!
3 7 6 5  PRINT"REMENBER, THE MANIPULATED VARIABLE I S  THE ONE THAT I S  
3 7 7 0  PRINT"DELIBERATELY CHANGED.
3 7 7 5  PRINT"HOULD YOU LIKE TO TRY AGAIN?? (YES OR NO)
3 7 7 7  LET CS*"YES”
3 7 7 9  INPUT DS 
3 7 8 1  CLS 
3 7 8 5  RETURN 
380  0 GOSUB 3 8 0 6
3 8 0 5  GOTO 38 5 0
3 8 0 6  CLS
3 8 0 7  PRINT"INCREASING THE AMOUNT OF YEAST IN A BREAD RECIPE 
3 8 1 0  PRINT"DECREASES THE AMOUNT OF TIME NEEDED FOR THE EREAD 
3 8 1 5  PRINT"TO R IS E  TO THE CORRECT S I Z E .
3 8 2 0  PRINT
3 8 2 5  PRINT" A . AMOUNT OF YEAST
3 8 3 0  PRINT" B . THE BREAD RECIPE
3 8 3 5  PRINT" C .  TIME NEEDED FOR BREAD TO RISE
3 8 4 0  PRINT" D. THE CORRECT S IZ E  OF A BREAD LOAF
3 8 4 5  RETURN
3 8 5 0  PRINT
3 8 5 5  P R IN T " 1 1 .  WHAT I S  THE MANIPULATED VARIABLE??
3 8 6 0  LET AS*"A"
3 8 6 5  PRINT
38 7 0  INPUT I S
3 3 7 5  GOSUB 370 0
3 8 8 0  I F  CS*DS GOTO 38 0 0
3 8 3 5  CLS
3890  GOSUB 3 8 0 6
3 8 9 5  PRINT
390 0 P R IN T "1 2 .  WHAT I S  THE RESPONDING VARIABLE?'’
3 9 0 5  LET AS="C"
3 910  PRINT
3 9 1 5  INPUT I S
392 0  GOSUB 3 6 0 0
3 9 2 5  I F  CS-OS GOTO 3 8 8 5
3 9 3 0  GOTO 400 0
400 0  GOSUB 40 1 0
4 0 0 5  GOTO 4060

RESULT
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40 1 0
4 0 1 5
40 20
4 0 2 5
4 0 3 0
4 0 3 5
4 0 4 0
4 0 4 5
4 0 5 0
4 0 6 0
4 0 6 5
407 0
4 0 7 5
40 8 0
4 0 8 5
40 9 0
4 0 9 5
41 0 0
4 1 0 5
411 0
4 1 1 5
4120
4 1 2 5
41 30
4 1 3 5
4 1 4 0
4200
4 2 0 4
4 2 0 5  
4 2 1 0  
4 2 1 5  
422 0  
4 2 2 5  
42 3 0  
4 2 3 3  
4 2 3 5  
4 240  
4 2 4 5  
4 250  
4 2 5 2  
4 2 5 5  
426 0  
4 2 6 5  
427 0  
4 2 7 5  
423 0  
4 2 8 5  
4 29 0  
4 3 0 0
4 3 0 4
4 3 0 5  
43 10  
4 3 1 5  
4 3 2 0  
4 3 2 5  
4 3 3 0  
4 3 3 5

CLS
PRINT"A STUDENT'S GRADE POINT AVERAGE DEPENDS ON HER GRADES FOR 
PRINT"INDIVIDUAL CLASSES SHE HAS COMPLETED.
PRINT

G , P • A.
NUMBER OF CLASSES COMPLETED 
FINAL GRADE IN  EACH CLASS 
CLASS ATTENDANCE

A.B.
C.
D.

WHAT I S  THE MANIPULATED VARIABLE??

WHAT I S  THE RESPONDING VARIABLE??

PRINT"
PRINT"
PRINT"
PRINT"
RETURN 
PRINT 
P R IN T "1 3 .
LET AS=MC"
PRINT 
INPUT I *
GOSUB 37 0 0  
I F  C$=D* GOTO 400 0  
CLS
GOSUB 4 0 1 5  
PRINT 
P R IN T " 1 4 .
LET A*="A"
PRINT 
INPUT I *
GOSUB.3 6 0 0  
I F  C*=D* GOTO 4 0 9 5  
GOTO 420 0
I F  CANS>6 GOTO 4 2 5 0  
CLS
P R IN T : PRINT
F'RINT"IN THE SECOND SECTION OF THIS PROGRAM, YOU ANSWERED 
P R IN T :C A N S ;"  OUT OF THE 9 MULTIPLE CHOICE QUESTIONS CORRECTLY.
PRINT
PRINT"WOULD YOU LIKE TO REVIEW THIS PART OF THE PROGRAM?? t YES OR NO) 
LET A*="YES"
P R IN T : PRINT J PRINT 
INPUT I *
I F  A * = I*  GOTO 2 5 0 0  
GOTO 43 00  
p r i n t :PRINT  
CLS
PR IN T"IN  THE PREVIOUS SECTION OF THIS PROGRAM, rOU ANSWERED
p r i n t : c a n s ; " ou t  o f  t h e  9 m u l t i p l e  c h i o c e  q u e s t i o n s  c o r r e c t l y .
PRINT
P R IN T "S U P E R !’ !
PRINT
PRINT" YOU ARE READY TO GO ON TO THE THIRD OF THE FOUR SECTIONS 
PRTNT"IN THIS PROGRAM.
INPUT I *
CLS
p r i n t : p r i n t : p r i n t
PRINT"WHAT WOULD YOU LIKE TO DO NOW??
p r i n t : p r i n t
PRINT" A. STOP HERE AND F IN IS H  THE REST OF THE PROGRAM
PRINT" AT A LATER DATE.
PRINT" B. CONTINUE ON TO THE THIRD SECTION.
LET A4="B"
PRINT



www.manaraa.com

128

4 3 3 3  P R IN T :P R IN T :P R IN T  SPRINT 
4 3 4 0  INPUT I *
4 3 4 5  I F  A * = I*  GOTO 50 0 0
4 3 4 9  PRINT
43 5 0  INRUT"ARE YOU SU RE??"SB*
4 3 5 5  LET C*="YES"
4 3 6 0  I F  BS=C* GOTO 9 9 9 9
4 3 6 5  PR IN T"TH IS  I S  ANOTHER TOUGH DECISION , BUT YOU MUST GIVE AN ANSWER!1
4 3 7 0  GOTO 4 3 0 5
5 0 0 0  CLS
5 0 0 5  LET CANS=0
5 0 1 0  PRINT SPRINT SPRINT
5 0 1 5  PRINT"SUPPOSE YOU WANTED TO DO AN EXPERIMENT TO SEE HOW THE AMOUNT
5 0 2 0  PRINT"OF BAKING POWDER IN  A CUPCAKE RECIPE AFFECTS THE AMOUNT THAT
5 0 2 5  PRINT"THE CUPCAKE R IS E S .
5 0 3 0  PRINTSPRINT
5 0 3 5  PRINT"YOU DO AN EXPERIMENT TO FIND OUT.
5 0 4 0  PRINT SPRINT SPRINT SPRINT 
5 0 4 5  INPUT I *
5 0 5 0  CLS
5 0 5 5  P R IN T "1 5 .  YOU MIX UP SEVERAL CUPCAKE RECIPES AND ADD DIFFERENT 
5 0 6 0  PRINT"AMOUNTS OF BAKING POWDER TO EACH ONE.
5 0 6 5  PRINT
5 0 7 0  PRINT"WHAT I S  'THE AMOUNT OF BAKING POWDER' CALLED??
5 0 7 5  PRINTSPRINT
50B0 PRINT" A. MANIPULATED VARIABLE 
5 0 8 5  PRINT" B . RESPONDING VARIABLE 
5 0 9 0  LET A*="A ”
5 0 9 5  PRINT
5 10  0 INPUT I S
5 1 0 5  GOSUB 5 2 0 0
5 1 1 0  I F  CS=DS GOTO 5 0 5 0
5 1 1 5  CLS
5 1 2 0  P R IN T "1 6 .  YOU THEN BAKE EACH OF THE CUPCAKE R EC IPE S. AFTER THEY 
5 1 2 5  PRINT"COME OUT OF THE OVEN, YOU MEASURE THEIR HEIGHTS,
5 1 3 0  PRINT"WHAT I S  THE 'HEIGHT OF CUPCAKE' CALLED??
5 1 3 5  PRINTSPRINT
5 1 4 0  PRINT" A. MANIPULATED VARIABLE
5 1 4 5  PRINT" B. RESPONDING VARIABLE
5 1 5 0  LET AS="B”
5 1 5 5  PRINT 
5 1 6 0  INPUT I *
5 1 6 5  GOSUB 520 0
5 1 6 6  I F  CS=D$ GOTO 5120  
51 7 0  GOTO 5 2 9 9
5 2 0 0  I F  A* I »  GOTO 52 5 0  
5 2 0 2  LET CANS=CANS+1
5 2 0 5  PR IN T-BIN G O !! YOU'RE DOING F I N E ! ! !
52 1 0  LET C*=" . "
5 2 1 5  INPUT I *
52 2 0  RETURN
5 2 5 0  PRINT"NO. THERE I S  ONLY ONE OTHER CHOICE.
5 2 5 5  PRINT"WOULD YOU LIKE TO GO BACK AND GET THIS QUESTION CORRECT?? (YES
5 2 5 6  PRINT"OR NO)
5 2 6 0  LET C*="YES"
5 2 6 5  INPUT Dt 
5 2 7 0  CLS
5 2 7 5  RETURN
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3 2 ? ?  CLS
530 0 PRINT 5 PRINT J P R IN T ! PR IN T : PRINT
5 3 0 5  PRINT"PERHAPS YOU ARE THINKING THAT THERE ARE OTHER VARIABLES 
5 3 1 0  PRINT"WHICH COULD AFFECT THE HEIGHT OF THE CUPCAKES.
5 3 1 5  PRINT
3 3 2 0  PR IN T"TH IS  I S  TRUE.
5 3 2 5  p r i n t :P R IN T :P R IN T  
533 0  INPUT I *
5 3 3 5  CLS
534 0  FRINTI P R IN T : P R IN T : P R IN T : PRINT
5 3 4 5  PRINT"USING DIFFERENTLY SHAPED CONTAINERS FOR EACH CUPCAKE RECIPE 
5 3 5 0  PRINT"COULD AFFECT THE HEIGHT OF THE CUPCAKES.
3 3 5 5  PRINT
53 6 0  PRINT"VARYING THE AMOUNT OF TIME THE CUPCAKES HERE BAKED COULD
5 3 6 5  PRINT"ALSO AFFECT THEIR HEIGHT.
53 7 0  PR IN T:PR IN T  SPRINT ’
5 3 7 5  INPUT I *
5 3 7 9  CLS
53 8 0  PRINT SPRINT .'PRINT
5 3 8 5  PR IN T“YOU HILL GET THE BEST RESULTS FROM YOUR EXPERIMENT I F  YOU 
53 9 0  PRINT"CHANGE ONE VARIABLE (MANIPULATED VARIABLE) IN  A SYSTEMATIC 
5 3 9 5  PRINT"WAY AND MEASURE THE CORRESPONDING CHANGE IN ANOTHER VARIAE:LE 
340  0 PRINT"(RESPONDING VARIABLE).
5 4 0 5  - P R IN T ! PRINT
5410  PRINT-AT THE SAME TIME, I T  I S  IMPORTANT TO CONTROL ANY OTHER
5 4 1 5  PRINT"VARIABLES WHICH MAY AFFECT YOUR RESULTS BY HOLDING THEM
5 4 1 6  PRINT-CONSTANT. THE VARIABLES WHICH ARE HELD CONSTANT ARE CALLED
5 4 1 7  PRINT"'CONTROLLED VARIABLES.'
5 4 2 0  P R IN T : PRINT
5 4 2 5  INPUT 1$
5430 p r i n t : p r i n t : p r i n t : p r i n t : p r i n t : p r i n t
5 4 3 4  CLS
5 4 3 5  PRINT"CAN YOU NAME A VARIABLE WHICH SHOULD BE CONTROLLED IN THE 
5 4 4 0  PRINT"CUPCAKE EXPERIMENT?? (TYPE IN  YOUR ANSWER AND PRESS ' ENTER' )  
3 4 4 5  PRINT
5 4 5 0  INPUT 19 
5 4 5 5  PRINT
5 4 6 0  PRINT"THERE ARE MANY VARIABLES WHICH SHOULD 3E CONTROLLED IN THIS 
5 4 6 5  PRINT"EXPERIMENT. SOME OF THEM ARE:
5 4 7 0  PRINT
5 4 7 3  PRINT" AMOUNT OF BATTER IN EACH CUPCAKE CONTAINER
5 4 8 0  INPUT 19
5 4 8 5  PRINT" . SHAPE OF THE CONTAINER 
5 4 9 0  INPUT 19
5 4 9 5  PRINT" AMOUNT OF TIME THE CUPCAKES BAKED
5 5 0 0  INPUT 19
3 5 0 5  PRINT" OVEN TEMPERATURE
531 0  INPUT 19
3 5 1 5  PRINT" AMOUNT OF EACH INGREDIENT IN THE RECIPE (EXCEPT THE
3 5 2 0  PRINT" BAKING POWDER)
3 5 2 5  INPUT 19 
553 0  PRINT
3 5 3 5  PRIN T” YOU MAY HAVE THOUGHT OF SOME ADDITIONAL CONTROLLED VARIABLES. 
3 5 4 0  PRINT 
5 5 4 5  INPUT 19 
5 5 4 °  CLS
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3 5 3 0  PRINT t P R IN T : P R IN T : P R IN T : P R IN T : PRINT
5 5 5 5  PRINT"TRY IDENTIFYING THE VARIABLES IN THE FOLLOWING EXPERIMENT.
5 5 6 0  P R IN T : p r i n t :PRINT  
5 5 6 5  INPUT I *
3 5 6 7  GOSUB 560  0 
5 5 7 0  GOTO 5 6 7 7  
56 00  CLS
5 6 0 5  PRINT-A MICROBIOLOGIST BELIEVES THAT THE TEMPERATURE OF FOOD AFFECTS
56 10  PRINT"HOW QUICKLY SPOILAGE ORGANISMS WILL GROW ON I T .
5 6 1 5  PRINT"HE PUTS AN EQUAL NUMBER OF STARTING MICROORGANISMS IN  IDENTICAL 
5 6 2 0  PRINT"FOOD SAMPLES AND PUTS EACH FOOD SAMPLE IN AN INCUBATOR AT A 
3 6 2 5  PRIN T1*DIFFERENT TEMPERATURE FOR 1 HOUR. THEN HE COUNTS HOW MANY
5 6 3 0  PRIN T11 MICROORGANISMS ARE ON EACH FOOD SAMPLE.
5 6 5 5  PRINT" A. NUMBER OF STARTING ORGANISMS
3 6 6 0  PRINT" B .  NUMBER OF ORGANISMS IN  FOOD AFTER INCUBATING 1 HOUR
5 6 6 5  PRIN T” C .  S IZ E  OF FOOD SAMPLE
5 6 7 0  PRIN T" D . TEMPERATURE AT WHICH THE FOOD WAS INCUBATED
5 6 7 5  PRINT" E .  AMOUNT OF TIME THE FOOD WAS HELD IN  THE INCUBATOR
5 6 7 6  RETURN
5 6 7 7  PRINT
5 6 7 ?  PRINT" 1 7 .  WHAT WAS THE MANIPULATED VARIABLE IN THIS EXPERIMENT \ THAT 
5 6 8 1  P R IN T " IS  , WHICH VARIABLE DID THE MICROBIOLOGIST DELIBERATELY CHANGE?)?  
5 6 8 5  LET A t= " D "
3 6 9 0  INPUT I *
5 6 9 5  GOSUB 600 0
5 7 0 0  I F  CS=DS GOTO 5 5 6 7
5 7 0 5  CLS
5 7 0 6  GOSUB 5 6 0 0  
5 7 1 0  PRINT
5 7 1 5  P R I N T " 1 8 .  WHAT WAS THE RESPONDING VARIABLE IN THE MICROBIOLOGIST'S 
5 7 2 0  PRINT"EXPERIMENT? <THAT I S ,  WHICH VARIABLE CHANGED AS A RESULT 
5 7 2 5  PRINT"OF A CHANGE IN  THE MANIPULATED VARIABLE?)?
5 7 3 0  LET A *="B"
5 7 3 5  INPUT I *
57A0 GOSUB 6000
57 3 0  I F  CS=DS GOTO 5 7 0 6
58 0 0  GOSUB 5 6 0 0
58 1 0  P R IN T "1 9 .  WHICH OF THE ABOVE WERE CONTROLLED VARIABLES IN 'HE 
5 8 1 3  PRINT"EXPERIMENT <THAT I S ,  WHICH VARIABLES WERE KEPT CONSTANT SO THE 
5 8 2 0  PRINT"EXPERIMENTER COULD BE SURE THEY WOULD NOT AFFECT THE 
5 8 2 2  PR I  NT "RESPONDING VARIABLE?)’’
5 8 2 5  LET A*= " A -C -E "
5 e 3 0  INPUT IS
5 8 3 5  GOSUB 6000
3SP0 I F  CS=D* GOTO 580 0
5 8 ^ 3  GOTO 6 1 0 0
6 0 0 0 I F  A S O I S  GOTO 605 0
6 0 0 5  LET CANS = CANS + 1
6010  PRINT "GREAT! KEEP UP THE GOOD WORK!!
6 0 1 5  LET C S = " . "
6020  INPUT I S  
6 025  RETURN
60 5 0  PRINT" NO. WOULD YOU LIKE TO TRY AGAIN? <YES OR NO)
6 0 5 5  LET CS="YES"
606 0  INPUT OS 
6 0 6 5  CLS 
60 70 RETURN
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6 1 0 0  CLS
6 1 0 5  PR IN T” SUPPOSE YOU WANTED TO STUDY THE GROWTH RATE OF GUPPIES I F I S H ) . "  : PRINT 
61 1 0  PRINT"HHAT MIGHT BE A VARIABLE WHICH WOULD AFFECT THE GROWTH 
6 1 1 5  PRINT"OF THE F IS H ?  (TYPE IN  YOUR ANSHER AND PRESS 'E N T E R ')
6 1 2 0  PRINT I PRINT 
6 1 2 5  INPUT I *
6 1 3 0  P R IN T tPR IN T
6 1 3 5  PRIN T” THERE ARE LOTS OF VARIABLES WHICH YOU MIGHT DECIDE TO STUDY*
6140  PRINT"SOHE INCLUDE: THE AMOUNT OF FOOD THEY ARE GIVEN, THE TYPE
6 1 4 5  PRIN T” OF FOOD THEY ARE GIVEN, THE WATER THEY LIVE I N ,  OR THE 
6150  PRINT"AMOUNT OF LIGHT THEY RECEIVE. " : PRINT 
6 1 5 5  INPUT I *
616 0  GOSUB 6 2 0 0  
6 1 6 5  GOTO 62 5 0  
620 0  CLS
6 2 0 5  PRINT"SUPPOSE YOU DECIDE TO STUDY HOW THE TEMPERATURE OF
6 2 1 0  PRINT"THE WATER THE F IS H  LIVED IN  AFFECTED THEIR GROWTH R A T E ." :PR IN T
62 20  PRINT" A. GROWTH RATE OF THE FISH
6 2 2 5  PRINT" B . AMOUNT OF FOOD FISH  ARE GIVEN
6 2 3 0  PRINT" C . TYPE OF FOOD FISH  ARE GIVEN
6 2 3 5  PRINT" D. COLOR OF CONTAINER F ISH  FOOD I S  KEPT IN
62 4 0  PRINT" E .  TEMPERATURE OF WATER FISH LIVE IN
6 2 4 5  RETURN
6 2 5 0  PRINT
6 2 5 5  P R IN T " 2 0 .  WHAT WOULD BE THE MANIPULATED VARIABLE IN YOUR EXPERIM ENT?"JPRIN 
T
4260 LET A *="E"
6 2 6 5  INPUT I *
6 2 7 0  PRINT
6 2 7 5  GOSUB 6 0 0 0
623 0  I F  C*=D* GOTO 6 1 6 0
630 0  GOSUB 6200
630 5 PRINT
631 0  P R IN T " 2 1 .  WHAT WOULD BE THE RESPONDING VARIABLE IN  YOUR EXPERIMENT?": PRINT 
6 3 1 5  LET A*=“ A"
6 3 2 0  INPUT I *
6 3 2 5  PRINT
6 3 3 0  GOSUB 6 0 0 0
6 3 3 5  I F  C*=D* GOTO 6300
6 4 0 0  GOSUB 6 2 0 0
6 4 0 5  PRINT
64 10  P R I N T " 2 2 . WHICH OF THE ABOVE VARIABLES WOULD BE IMPORTANT 
6 4 1 5  PRlNT"TO CONTROL BY HOLDING CONSTANT?": PRINT 
64 20  LET A S="B -C "
6 4 2 5  INPUT I »
643 0  PRINT
6 4 3 5  GOSUB 6 0 0 0
644 0  I F  CS = D* GOTO 6 4 0 0
650 0  I F  CANS15 GOTO 6 5 6 0
6 5 0 5  CLS
6 5 1 0  p r i n t : p r i n t
65 1 5  P R IN T "IN  THE THIRD SECTION OF THIS PROGRAM, YOU ANSWERED 
6520  PR IN TJCA N S;"  OUT OF THE S MULTIPLE CHOICE QUESTIONS CORRECTLY.
6 5 2 5  PRINT
6530  PRINT"WOULD YOU LIKE TO REVIEW THIS PART OF THE PROGRAM?? k YES OR NO)
6 5 3 5  LET A*= "YES"
65 4 0  P R IN T :p r i n t :PRIN T
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6 5 4 5 INPUT I *
6 5 5 0 I F  4 4 = 1 4  GOTO 500 0
6 5 5 5 GOTO 670  0
65 6 0 CLS
6 5 6 5 P R IN T:PR IN T
6 5 7 0 PR IN T"IN  THE PREVIOUS SECTION OF THIS PROGRAM, YOU ANSWERED
6 5 7 5 p r i n t ; c a n s ; " o u t  o f  t h e  a m u l t i p l e  c h o i c e  q u e s t i o n s CORRECTLY.
65 8 0 p r i n t ; p r i n t
6 5 8 5 P R IN T "FA N T A S T IC f! ! "
6 5 9 0 PRINT
6 5 9 5 PRINT"YOU ARE READY TO GO ON TO THE LAST SECTION IN THIS PROGRAM.
66 0 0 INPUT 14
67 0 0 CLS
6 7 0 5 P R IN T : P R IN T : PRINT
671 0 PRIN T” THE LAST SECTION OF THIS PROGRAM I S  A SHORT' QUIZ
6 7 1 5 PRINT" ( 2  PROBLEM S E T S -6  QUESTIONS) TO HELP YQli EVALUATE
67 2 0 PRINT" HOW WELL YOU HAVE MASTERED THE OBJECTIVES OF THIS
6 7 2 5 PRINT" OF THIS PROGRAM.
6 7 3 0 p r i n t :PR IN T
6 7 3 5 PRINT" WHAT WOULD YOU LIKE TO DO NOW?
6 7 4 0 PR IN T:PR IN T
6 7 4 5 PRINT " A. I 'M  EXHAUSTED! I ' L L  STOP HERE AND TAKE THE
6 7 4 6 PRINT" SHORT QUIZ AT A LATER DATE.
6 7 4 7 PRINT" B. I 'M  READY TO TAKE THE SHORT QUIZ NOW1
6 7 5 0 LET A4=“ B“
6 7 5 5 p r i n t : p r i n t :PR IN T
67 6 0 INPUT 14
6 7 6 5 I F  A4= 1 4  GOTO 70 0 0
67 7 0 PRINT
6 7 7 5 INPUT "ARE YOU S U R E ?";B 4
6 7 7 7 CLS
67 8 0 LET C6= "YES"
6 7 3 5 I F  BS= C4 GOTO 9 9 9 9
67 9 0 PRINT" YOU MUST MAKE UP YOUR M IN D !":P R IN T
6 7 9 5 GOTO 6 7 3 5
7 0 0 0 CLS
7001 LET CANS=0
7 0 0 5 GOSUB 7 0 1 5
7010 GOTO 7100
7 0 1 5 PRINT"ELIZA MADE 4 IC E CUBES— A CUBE, A SPHERE, A P
7 0 1 6 LET 1 4 = " . "
7020 PRINT"A CYLINDER. THEY ALL HAD THE SAME VOLUME AND A S S •
7 0 2 5 F’RINT"SHE PUT EACH IC E CUBE IN  AN INDIVIDUAL BEAKER FILLED UJITH
7030 P R IN T "150 M ILLILITERS OF WATER THAT WAS AT 30 DECRE ES C *
7 0 3 5 PRINT"THEN SHE MEASURED HOW LONG IT  TOOK EACH ICE CUBE TO HELP.
7 040 PRINT
7 0 4 5 PRINT" A. MANIPULATED VARIABLE
705 0 PRINT" B. RESPONDING VARIABLE
7 0 5 5 PRINT" C. CONTROLLED VARIABLE
7 0 6 0 RETURN
7 1 0 0 PRINT
7 1 0 5 P R lN T " 2 3 .  WHAT KIND OF VARIABLE I S  'THE AMOUNT OF T Ih E  FOR THE Ii
7 1 1 0 PRINT" CUBE TO M E L T '??
7 1 1 5 LET A4="B"
7 1 2 0 INPUT 14
7 1 2 5 GOTO 720 0
7 1 3 0 CLS
7 1 3 2 GOSUB 7 0 1 5
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7 1 3 5 PRINT
71 4 0 P R IN T " 2 4 .  WHAT KIND OF VARIABLE I S  'THE VOLUME OF WATER IN
7 1 4 5 PRINT" BEAKER I N I T I A L L Y '? ?
7 1 5 0 LET AS="C"
7 1 5 5 INPUT I *
7 1 6 0 GOTO 7 3 0 0
7 1 6 5 CLSIPRINT
7 1 6 7 GOSUB 7 0 1 5
7 1 7 0 P R I N T " 2 5 . WHAT KIND OF VARIABLE I S  ' I C E  CUBE SHAPE'?"3
7 1 7 5 LET A*="A"
7 1 8 0 INPUT I *
7 1 8 5 GOTO 7 4 0 0
7 190 GOTO 7 4 0 0
7 2 0 0 I F  A V O -I*  GOTO 72 5 0
7 2 0 5 LET CANS=CANS+1
7 2 1 0 P R IN T " T E R R IF IC !!  G O O N ! ! !
7 2 1 5 INPUT I *
722 0 GOTO 7 1 3 0
725 0 PRINT"NO. THE CORRECT ANSWER I S B.
72 6 0 PRINT"YOU MAY CONTINUE.
7 2 6 5 INPUT I *
7 2 7 0 GOTO 7 1 3 0
7 3 0 0 I F  A S O I *  GOTO 7 3 5 0
7 3 0 5 LET CANS-CANS+1
7 3 1 0 PRIN T” T E R R I F I C ! ! G O O N ! ! !
7 3 1 5 INPUT I *
7 3 2 0 GOTO 7 1 6 5
73 5 0 PRINT"NO. THE CORRECT ANSWER I S C .
7 3 6 0 PRINT"YQU MAY CONTINUE.
7 3 6 5 INPUT I *
73 7 0 GOTO 7 1 6 5
74 0 0 I F  A S O I *  GOTO 7 4 5 0
7 4 0 5 LET CANS=CAN5+1
7 4 1 0 P R IN T " T E R R IF IC !!  G O O N ! !
7 4 1 5 INPUT I *
7 4 2 0 GOTO 7 5 0 0
7 4 5 0 PRINT"NO. THE CORRECT ANSWER I S A.
7 4 5 5 PRINT
7460 PRINT"YOU MAY CONTINUE.
7 4 o 5 INPUT IS
7470 GDTO 75 0 0
7500 GOSUB 7 5 0 4
7501 GOTO 760 0
7 5 0 4 CLS
7 5 0 5 PRINT"BART SUSPECTS THAT THE NUMBER OF MILES THAT HIE CAR TR
7 5 0 6 LET 1 4 = " . "
7510 PRINT"?ER GALLON OF GASOLINE DECREASES AS HE INCREASES THE W
7 5 1 5 PRINT""! HE CAR CARRIES. HE DOES AN INVESTIGATION TO FIND OUT
75 20 P R IN T"H IS  HYPOTHESIS I S  CORRECT.
7 5 2 5 PRINT
7530 RETURN
"’600 GOT07605
7 6 0 5 P R IN T " 2 6 .  WHAT I S  THE MANIPULATED VARIABLE IN BART' S INVEST!
76 1 0 GOSUB 76 4 0
■’ 61 5 GOTO 7750
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76a0 
7 £ a 5 
7 6 5 0  
7 6 5 5  
7 6 6  0 
7 6 6 5  
7 7 5 0  
7 7 5 5  
7 7 6 0  
7 7 6 5
77 7  0 
7 7 7 5  
7 7 7 7
7 7 8  0 
7 7 8 5
779  0 
7800  
7 3 0 5  
7 90 0  
7 9 0 5  
791 0  
7 9 1 5  
3050  
3 0 5 5  
80 60  
3 0 6 5  
80 70  
8 0 7 5  
8 0 7 7  
308 0  
8 0 8 5  
8 0 9 0  
8 1 0 0  
82 0 0  
8 2 0 5  
8 2 1 0  
8 2 1 5  
3 2 2 0  
8 2 2 5  
8230  
8 2 3 5  
824 0  
9 2 4 5  
3 25 0  
32 5 5  
3260  
3 2 6 5  
326  7 
32 70  
8 2 7 5
9000
9001

NUMBER OF MILES THE CAR TRAVELED PER GALLON OF GASOLINE 
WEIGHT OF THE CAR'S CONTENTS 
NUMBER OF PEOPLE RIDING IN THE CAR 
WEIGHT

GO O N ! !

PRINT
C’R IN T ” A.
PRINT" B.
PRINT" C.
PRINT" D.
RETURN 
INPUT I *
LET A*="B"
I F  A S O I S  GOTO 7 7 8 0  
LET CANS=CANS+1 
P R IN T " T E R R I F IC ! !
INPUT I *
GOTO 7 8 0 0
PRINT"NO. THE CORRECT ANSWER I S  B.
PRINT"YOU MAY CONTINUE.
INPUT 1 6  
GOSUB 7 5 0 4  
GOTO 7 9 0 0  
GOTO 7 9 0 5
P R IN T " 2 7 .  WHAT I S  THE RESPONDING VARIABLE??
GOSUB 7 6 4 0  
GOTO 8 0 5 0  
INPUT I *
LET A*="A"
I F  M O I *  GOTO 8 0 8 0  
LET CANS=CANS+1 
P R IN T " T E R R I F IC ! ! G O O N ! ! !
INPUT 19 
GOTO 3 1 0 0
PRINT-NO. THE CORRECT ANSWER I S  A.
PRINT"YOU MAY CONTINUE.
INPUT I *
GOSUB 7 5 0 4  
GOTO 3 2 0 5
P R I N T - 2 8 .  WHICH OF THE FOLLOWING SHOULD BART MAKE SURE ARE 
PRINT"CONTROLLED VARIABLES IN HIS EXPERIMENT??
PRINT
PRINT" A. SPEED AT WHICH THE CAR TRAVELS
PRINT" B. MILES THE CAR TRAVELS PER GALLON OF GASOLINE
PRINT" C. TYPE QF GASOLINE
PRINT" D. WEIGHT
INPUT I *
LET A5="A—C"
I F  A S O  19  GOTO 3 2 7 0  
LET CANS=CANS+1 
P R IN T - T E R R I F I C ! ‘
INPUT 19 
GOTO 9000
PRINT-NO. THE CORRECT ANSWER I S  A -C .
INPUT I S
I F  CANS>4 GOTO 910 0 
CLS
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?oo5 p r i n t : p r i n t : p r i n t : p r i n t
9 0 1 0  P R IN T "IN  THE LAST SECTION OF THIS PROGRAM, YOU ANSWERED" SCANS!"CUT" 
9 0 1 5  PRINT"OF 6 QUESTIONS CORRECTLY. 3OU MAY WISH TO USE THIS FRQGRArt 
9 0 2 0  PRINT"AGAIN OR SPEAK TO YOUR INSTRUCTOR ABOUT ANY D IFFIC U LTIES 
9 0 2 5  PRINT"YOU ARE HAUING IN IDENTIFYING VARIABLES.
9 0 2 7  P R IN T :P R IN T :P R IN T :P R IN T  
9 02S  INPUT I *
9 0 2 9  GOTO 9 1 3 5  
■’ 030 END
9 1 0 0  CLS
9101 p r i n t : p r i n t : p r i n t : p r i n t
9 1 0 5  P R IN T "IN  THIS Q UIZ, YOU ANSWERED" ;CANS;"OUT OF 6 QUESTIONS CORRECTLY.
9 1 1 5  PRINT :p R IN T  : P R IN T : PRINT .* PRINT
9 1 1 6  INPUT I *
9 1 1 7  LET G=0
9 1 1 3  CLS : PRINT : PRINT *. P R IN T '. PRINT
9 1 1 9  PRINT CHR5 < 2 3 )
912 0  PRIN T" WUNDERBAR!!!
9 121  T=3001GOSUB 9 1 2 5
9 1 2 2  LET G =G +l:C L S
9 1 2 3  T=100:GQSUB 9 1 2 5
9 1 2 4  GOTO 9 1 1 8
9 1 2 5  FOR Z=1 TO T1NEXT Z
9 1 2 6  I F  G=5 GOTO 9 1 2 9
9 1 2 7  RETURN
9 1 2 9  PRINT S P R IN T :P R IN T :PR IN T
9 1 3 0  INPUT 1$
9 1 3 5  C LS: P R IN T : P R IN T : P R IN T ! P R IN T : PRINT 
9 1 3 8  PRINT CHRS( 2 3 )
9 1 4 0  PRINT" THE END
9 1 4 5  PR IN T : P R IN T : P R IN T : PRINT 
9 1 5 0  INPUT I *
9 9 9 9  END
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