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The problem of this study was to determine the effects 

of computer programming instruction on fifth graders, as 

measured by gains, if any, on tests of logic and problem 

solving. 

Forty subjects were paired by matching composite 

scores on the Iowa Test of Basic Skills, followed by random 

assignment to experimental and control groups. 

The criterion variable was measured by the Cornell 

Critical Thinking Test (CCTT), which measured general logic 

skills, and the Developing Cognitive Abilities Test (DCAT), 

which measured subject-oriented problem-solving abilities. 

Both tests were given in pretest and posttest settings. 

Experimental group subjects received approximately 

twenty hours of programming instruction, working in pairs 

through a set of printed lessons. A total of six hours of 

group instruction was also provided. 

In the curriculum, terms and concepts were exemplified 

and explained. Then subjects were to create programs using 

them. In this way problem-solving skills were being 

reinforced. 



Group scores underwent an analysis of covariance. 

Hypotheses were tested at the .05 level of significance. 

The experimental group showed no significant gain for the 

DCAT, nor for any of its subtests. It did demonstrate 

significant gain on the CCTT and on one of its subtests. 

It was concluded that computer programming instruction 

seemed to improve the logical problem-solving abilities of 

fifth graders, especially in the areas of hypothesis testing 

and determination of relevance of data. This suggested a 

transfer of computer programming skills to general problem-

solving ability. Academic problem solving did not seem to 

be improved by instruction of the length provided in this 

study. 

It was recommended that this study be replicated with 

increased sample size, time, and facilities; that computer 

programming be introduced into the curriculum; and that more 

refined instruments be developed to measure problem-solving 

activity in children. 
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CHAPTER I 

INTRODUCTION 

Microcomputers are gaining in both business and personal 

usage. Schools are also beginning to respond to this 

technological development, but they are limited in trained 

personnel, in curriculum priorities, and in knowledge 

of instructional techniques for computer usage. Most 

classroom computers have become tutors for basic instruction 

and enrichment, known as computer assisted instruction 

(CAI). While this may seem commendable and up-to-date, 

it belies what may be the most promising usage of computers: 

to teach children to think more critically in problem-solving 

situations. 

The problem-solving capacity of the computer is most 

accessible to the child if the child can program the com-

puter. In this way the child can define and structure 

the problem, then let the computer deliver a high-speed 

solution. The child does the thinking; the computer does 

the mundane calculations and drawings. Unlike CAI, in 

which the computer "programs" the child with facts and 

concepts, problem solving allows the child to program 

the computer with facts, operations, and sequences. The 

major difference is in the levels of cognitive processes 

employed by the child. In CAI, it is typical to address 



lower-level processes such as memory and comprehension. 

In problem-solving situations, higher-level processes 

such as application, analysis, and synthesis can be 

utilized. That it can possibly be used as a new means 

for the development of higher-level cognitive skills is 

what underlies the excitement many educators sense in 

teaching children to program microcomputers. 

The above discussion on programming and problem 

solving rests on a major assumption, namely, that 

problem-solving skills are developed and strengthened 

through computer programming, and that these skills transfer 

positively to general non-computer related problem-solving 

situations. Although there is some evidence and much 

intuition that this is so, it remains an assumption in 

need of study. 

Problem of the Study 

The problem of this study was to determine the effect 

of learning to program a microcomputer on the general 

problem-solving abilities of fifth grade students. 

Research Hypotheses 

1. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in general cognitive abilities. 

2. Subjects taught computer programming will score 



significantly higher than a non-computer control group 

in verbal analysis. 

3. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in verbal synthesis. 

4. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in quantitative application. 

5. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in quantitative analysis. 

6. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in quantitative synthesis. 

7. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in spatial comprehension. 

8. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in spatial application. 

9. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in spatial analysis. 

10. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in spatial synthesis. 



11. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in logical thinking. 

12. Subjects taught computer programming will score 

significantly higher than a non-computer control group 

in conditional logic (if... then). 

Significance of the Study 

Recent social trends and technological advances place 

pressure on educators to become computer literate and 

to introduce computer instruction in the classroom. Solid 

research evidence is needed to provide a basis for curricu-

lar and instructional planning. This need is most pressing 

at the elementary level, where research evidence is most 

notably lacking. 

This study attempts to provide evidence that can 

be used in computer-related educational planning at the 

elementary level. It specifically addresses the area 

of cognitive development as it relates to computer pro-

gramming instruction. This is a topic of particular 

significance, for it has bearing on the future of how 

children may be taught to think critically. 

Definitions 

1. Problem-solving skills: In this study problem-

solving skills are defined as scores on the Cornell Critical 



Thinking Test and the Developing Cognitive Abilities Test. 

2. Computer: In this study the computer is an ATARI 

400 microcomputer. 

3. Instructional material (or kit.): This term is 

defined as the Computer Challenge Kit (copywright 1982, 

R. Bane) adapted for ATARI computer by the researcher. 

4. Direct instruction: This is defined as any lecture 

or demonstration of computer and programming techniques 

by the researcher to the entire experimental group. 

5. Indirect instruction: This is defined as the 

process of subjects working through the instructional 

material. 

Limitations 

1. The study included only fifth grade students, 

and all from one school. Generalization to situations 

at wide variance from the one described herein may be 

unwarranted. 

2. In this study computer instruction was extra-

curricular. This placed certain restrictions on computer 

use, and may also have had some bearing on the importance 

it had to the subjects, teachers, and parents. 



Procedures 

Subjects 

Participants were forty-eight fifth grade students 

at a small suburban school in north central Texas. The 

neighborhood served by the school was predominantly middle 

class and white, although black, Hispanic, and Oriental 

families were included. The neighborhood was divided among 

house, townhouse, and apartment dwellers. 

Subjects were paired by matching composite scores 

on the Iowa Test of Basic Skills, then randomly assigned 

to the experimental and control groups. Five subjects 

without ITBS scores were also randomly assigned to groups. 

In two cases random assignment of pairs was reversed due 

to parental response to a questionnaire (see Appendix A). 

In both bases those who indicated difficulty in attending 

instructional sessions before or after school were placed 

in the control group to prevent future scheduling problems. 

The same questionnaire also revealed that four children 

had prior programming experience. These four were eliminated 

from both groups. 

Instrumentation 

The criterion variable was measured by the Cornell 

Critical Thinking Test (CCTT) and the Developing Cognitive 

Abilities Test (DCAT) by Scott, Foresman. 



The CCTT, Level X, has been used in a variety of 

secondary school settings to measure skills in judging 

assumptions, generalizations, deductions, and relevance 

and reliability of data. Recently the test has been revised 

to make its vocabulary suitable for upper elementary 

students. Normative data on elementary groups is still 

limited, and is reported only in quintile rank equivalents. 

KR-20 reliability scores of .84 (5th grade) and .79 

(4th grade) have been reported (Ennis et al., 1979). 

The DCAT was developed to measure non-stable cognitive 

skills across three domains: verbal, quantitative, and 

spatial. Within each domain, measurements are taken across 

five levels: knowledge, comprehension, application, analy-

sis, and synthesis. Level 5/6 was used, as it corresponds 

to fifth and sixth grade levels. The DCAT has nationwide 

norms by grade level and semester for total scores and 

for each of the three cognitive domain subtests. A KR-20 

reliability score of .88 has been reported for fifth graders 

taking Level 5/6 of the test (Technical Manual, 1981). 

With these two tests it was felt that various problem-

solving factors could be measured reliably. The CCTT 

is based on logical thinking, while the DCAT is more subject 

oriented. Between the two there would be opportunity 

for students of varying learning styles to exhibit such 

problem-solving abilities as analysis of data, hypothesis 

generation, hypothesis testing, and subgoal construction. 



Methodology 

Treatment.—Subjects in the experimental group were 

instructed in computer programming from the third week 

of September through the second week of December. Instruction 

was both direct and indirect. In the direct mode, the 

researcher provided demonstrations and lectures to the 

entire experimental group before school hours. In the 

indirect mode, pairs of subjects worked as teams on the 

instructional material during twenty-five to thirty minute 

segments throughout the school week. The computer was 

available before and after school, as well as during lunch 

and other time blocks arranged with the fifth grade teachers. 

Students "clocked in" and "clocked out" so that total 

hours of indirect instruction could be ascertained. Direct 

instruction was likewise totaled. A minimum of six hours 

of direct instruction was to be given, in half-hour segments 

once a week. A minimum of fifteen hours of indirect in-

struction was expected of each subject. The upper limit 

of computer time per subject was determined by availability 

of the computer within the bounds of equal opportunity 

of scheduling. 

The instructional material was the Computer Challenge 

Kit developed by Robert Bane (North Texas State University), 

adapted for ATARI computer by the researcher. The kit 

contained eight lessons. Each lesson presented one or 

more concepts and provided for hands-on computer verification 



and reinforcement. At certain points subjects took "challenges" 

which tested their cumulative knowledge. In a challenge, 

subjects viewed a problem-solving program, 

altered it in a certain way, then wrote a program to solve 

a similar problem. In this way they learned problem-solving 

skills while they learned to program. 

Indirect instructional work (such as challenges) 

was monitored by a method called "saving programs." Sub-

jects saved their computer work by recording their programs 

on cassettes with the program recorder. The researcher 

then had access to subjects' on-going work and could retrieve 

it for later feedback. (Immediate feedback was also avail-

able through the computer itself. For example, errors 

in computer language syntax were immediately displayed. 

Also, programs, that did not run properly could be reviewed 

for correction.) 

The researcher was "on location" and available for 

help and consultation, but was not totally involved with 

the indirect instruction nor ever involved with either 

group's normal school day. 

Research design.—The study was a matched-pair 

pretest/posttest quasi-experimental design, with an inter-

vening treatment lasting approximately thirteen weeks. 

Data collection.—The two criterion measurements 

(CCTT and DCAT) were given on different days immediately 

before and after the treatment. The DCAT was administered 
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by the fifth grade teachers, who simply timed the test 

while the students worked through the test booklet. The 

CCTT was administered by the researcher, who read all 

test items while the students followed in their own test 

booklets. 

Analysis of Data 

Group scores underwent an analysis of covariance, 

with the pretest scores functioning as the covariate to 

offset any difference in entering abilities of the two 

groups. All hypotheses were then tested at the .05 level 

of significance. 
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CHAPTER II 

SYTHESIS OF RELATED LITERATURE 

Introduction 

In 1980, there were 52,000 computers in public schools 

for student use, distributed among one-fourth of the nation's 

schools. Half of all secondary and 14 per cent of all 

elementary schools had one or more computers (Goor, 1980). 

The question that immediately arises is How are computers 

being used in the schools? Most often the answer is "for 

computer literacy" (Goor, 1980). However, this term is 

rather vague, ranging from the most mundane to the most 

creative activities. A recent survey by a leading teachers' 

magazine offers some clues about the utilization of school 

computers (Instructor, 1982). Although not a scientific 

random survey, the 4000 replies do indicate definite trends. 

About 1600 respondents indicated use of an in-school computer, 

Over 60 per cent used it for drill and practice, and over 

55 per cent used it for games and enrichment. Only 40 

per cent used it to teach programming skills, and only 

30 per cent used it for problem solving. 

At this point in time, it seems that computers are 

mostly high-speed tutors and gamesters in the classroom. 

However, data from other sources indicate that more creative, 

higher-level thinking skills are being explored via the 

12 
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computer. In various non-public school settings, computers 

are used 

a) by three-year olds (including educably mentally 

retarded children) in a day school to explore letters, 

numbers, and sounds, resulting in some children learning 

to read and count (Pines, 1973); 

b) by seven-year olds learning to program drawings 

of geometric shapes, combining them to make pictures 

(Solomon and Papert, 1976); 

c) in public theme parks which include computer 

activities in hand-eye coordination, reading, music and 

language composition, and pattern recognition (Tekawa, 

1981; Sesame Place, 1982). 

Within these settings, children are called upon to 

analyze and synthesize information to create new relation-

ships, rather than simply recall facts. Examples such 

as these indicate the "leading edge" of a new perspective 

on computer use with children. This perspective comes 

from a double realization: that computers can instruct 

in higher-level thinking skills, and that children's first 

encounter with the computer should be one of mastery (Watt, 

1981). In other words, instead of the computer programming 

knowledge into the child, the child can program the 

computer—providing mastery while using higher—level think-

ing skills (Papert, 1980). Such a perspective has led 

some to foresee a radical change in curriculum and 
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instruction, such as proposing that programming may 

eventually replace traditional mathematics in the early 

grades (Minsky, 1970). 

The basic premise behind this perspective on computer 

usage is that experience in programming and problem solving 

via the computer enhances one's ability to solve general, 

non-computer problems, at least as well as traditional 

methods, and perhaps in ways the traditional methods cannot. 

However, at this time the premise is largely unsubstantiated, 

Two research fields provide a theoretical base for 

relating computer programming with general problem-solving 

ability. These fields are cognitive psychology and artifi-

cial intelligence. Their conceptions and findings will 

be reviewed separately, then later combined in summary. 

Cognitive Research on Problem Solving 

Conceptions 

Thinking and problem solving have been dominant themes 

in cognitive psychology. Whimbey (1975), defining this 

domain, has asserted that intelligence (thinking) is one's 

habitual approach to problem solving, and is thus a learned 

mental skill. Carrying this one step further, one might 

assume that any cognitive skill or ability used in problem 

solving is teachable. In this light, problem solving 

deals with thinking and its relation to learning-- how 

concepts and formulas are devised and learned, and how 



15 

they are combined in new settings. 

Memory is an important element in problem solving. 

In order to solve a problem, one must recall rules and 

other data relevant to the situation. This information 

must be held in the mind until it is needed, then "plugged 

in" to use in the proper sequence (Gagne', 1970). 

Greeno (197 3) has proposed a model of these memory 

processes. In this model, recalled information (from 

Long Term Memory) is stored in Working Memory and is acted 

upon by thinking taking place in Short Term Memory (see 

Figure 1). The arrows indicate the dynamics of the system, 

showing how memory is brought "up" for use and is fed 

"in" for storage. 

Perception ^ 
Short Term Working 
Memory < I Memory 

Long Term 
Memory 

Fig. 1-- Cognitive model of memory processes 

The types of elements stored in memory have been 

classified into three groups: facts, algorithms (specific 

rules and formulas) and heuristics (general plans and 

"rules of thumb") (Lindsay and Norman, 1972). 

Transfer of learning is another important element 

in problem solving. Information retrieved from memory 

usually cannot apply directly to the present problem set. 

There must be a process by which previous learning can 
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be recalled and restructured in order to fit the present 

need. Gestaltists have called this process "reorganization 

of schema" (Mayer, 1977), and Piaget (1952) studied it 

under the label "accomodation of schema." In general 

this is the process of transfer, and it is crucial to 

all learning and problem solving. In fact, the concept 

of transfer provides a link between learning and problem 

solving: the solution to one problem becomes a higher-order 

rule for a larger class of problems (Gagne', 1970). In 

cognitive research, any process or technique which promotes 

transfer of learning is considered a salient factor in 

problem solving. 

Findings 

Cognitive research has revolved around the double 

task of substantiating theories and models while ascertain-

ing those factors which make transfer and problem solving 

more efficient and reliable. These factors have been 

researched and found to facilitate transfer of learning: 

1) concept formation (as opposed to rote learning) 

(Ausubel, 1968; Mayer and Greeno, 1972); 

2) use of models and simulations for math problems 

(Brownell and Moser, 1949; Weaver and Suydam, 1972; Resnick 

and Ford, 1980) and outlines and advance organizers for 

text (Ausubel, 1968; Dooling and Mullet, 197 3; Cook and 

Mayer, 1980); 



17 

3) hypothesis testing, or deductive rule learning, 

for analyzing attributes (Bruner et al., 1956; Bourne, 

1971); 

5) subgoal formation for breaking a problem into 

workable parts (Dunker, 1945; Hayes, 1965, 1966; Thomas, 

1974; Mayer, 1980; Simon, 1980; Greeno, 1980; Whimbey, 

1980). 

Artificial Intelligence Research on Problem Solving 

Conceptions 

Fink (1973) defines artificial intelligence (AI) 

as 

a) the ability of machines to organize information 

in meaningful patterns; to recognize, store, recall, and 

manipulate information to solve problems; 

b) the ability of machines to adapt to an environment, 

such as responding to an unforeseen stimulation; and 

c) the observed performance of such machines. 

In short, a machine must pass a "learning test" set 

by the above criteria to be classified as having artificial 

intelligence. Fink goes on to say that many computer 

programs designed for playing games and solving problems 

do pass this test. 

Ernst and Newell (1969) have developed a model to 

represent the process of problem solving with AI (see 

Figure 2). In this model, problems are described and 

translated into the computer's language and understanding 
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of a) the initial state, b) the goal state, and c) legal 

operations. The computer sets up a problem space within 

this internal representation, and applies techniques 

(operators, facts, and heuristics). Finally, the solution 

is represented in a form which human operators can recognize 

and verify. 

Problem- Solution 
Represen-
tation 

Input—> Translator—> Internal 
(descrip- Representation Solving 
tion of (problem space: Techniques 
problem) set of all (operators, 

possible states facts, 
resulting from subroutines, 
applications of heuristics) 
operators) 

Fig. 2 — Model of artificial intelligence problem solving 

Artificial intelligence research has revolved around 

the double task of substantiating its theories and models 

while proving the "intelligence" of individual machines 

and programs. This proving takes the form of programming 

a machine to solve problems and even to learn from (tranfer) 

its previous experience. 

Whereas cognitive research has attempted to develop 

theories on strategies and thinking in human problem 

solving, AI attempts to simulate theorized constructs 

of human problem solving artificially. It is assumed that 

if a computer simulation successfully solves the problem 

it was given, then the theory is substantiated (Howe and 

01 Shea, 1979). Some, like Mayer (1977), see problems in 
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this logic, noting that similarity of output by humans 

and computers does not automatically imply similarity of 

process. Still, AI provides precise and testable means for 

describing human thinking. In this sense AI is "created in 

the image and likeness" of its creator, and thus reflects 

the cognitive processes of the creator (Sussman, 1975). 

Findings 

AI has been used to test a variety of problem-solving 

factors. Computer programs have been written which success-

fully demonstrated these factors: 

1) concept formation for text comprehension (Nilsson, 

1979) and for application of formulas in algebra and geometry 

(Ernst and Newell, 1969); 

2) use of models and simulations to create AI itself, 

but also for use with young programmers to think through 

the steps needed in creating a program (Howe and O'Shea, 

1979) ; 

3) hypothesis generation for adapting to novel situa-

tions (Sussman, 1975); 

4) hypothesis testing for learning the rules for 

a sequencing activity (Laughery, 1961); 

5) subgoal formation for carrying out complex instruc-

tions and setting alternate strategies (Ernst and Newell, 

1969; Sussman, 1975; Miller and Goldstein, 1979). 
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Summary of Theoretical Background 

The fields of cognitive psychology and artificial 

intelligence have discovered identical factors which 

influence transfer of learning: concept formation, use 

of models and simulations, hypothesis generation, hypothesis 

testing, and subgoal formation. One field has based its 

findings in human experiments, the other in computer 

simulations. The two fields have been complementing each 

other, although one rarely recognizes the other. Because 

of the seeming indifference of the two fields to each 

other, some basic research questions were never asked 

until recently: Could the creation of artificial intelli-

gence through computer programming strengthen problem-solving 

abilities? Could it do so in a systematic way, owing 

to the systematic methods of computer programming? Could 

learning to create AI, in the form of programming instruc-

tion, be a training model for learning to solve non-computer 

problems? 

To answer these questions, two things had to happen: 

1) Someone had to ask, "What are the effects of instruction 

in computer programming?" and 2) Access to computers had 

to come about on a relatively large scale for research 

purposes. Both of these things have happened since 197 3, 

with an added bonus: the widespread use of simple inter-

active programming languages for the new microcomputers. 

These languages, such as APL, BASIC, and LOGO, were designed 
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for convenient computation and easy access to program 

listings, unlike previous languages for assembly and instruction. 

Now the questions could be asked, and research technology 

was available to test them, even with school-age children. 

In fact, with the microcomputer "explosion," the technology 

was already "on site" for many researchers (Zinn, 1973). 

Research Designs Relating Computer Programming 

and Problem Solving 

Research which relates computer programming with 

problem solving in children can be reviewed under three 

broad headings: math-related designs, general problem-

solving designs, and instruction-related designs. Each 

type will be reviewed separately, then summarized at the 

end of this section. 

Math-related Designs 

Many designs have focused specifically on math reason-

ing and problem solving. These have been of two general 

types: comparing computer to math instruction (hypothesizing 

no significant difference) and comparing math instruction 

to math plus computer instruction (hypothesizing significant 

difference). 

In the first category, Wilkinson (1973) taught flow-

charting (as often used in computer programming) to tenth 

grade students. The control group was a geometry class. 

On the Ship Destination Test and the Cooperative Math 
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Test posttests the two groups made equal gains in general 

math reasoning scores. These results indicated that flow-

charting instruction was as effective as geometry instruction 

in producing gains in general quantitative thinking. 

Cheshire (1981) taught computer programming to high 

school students. The control group was an algebra class. 

On the Developing Cognitive Abilities Test posttest, the 

two groups made equal gains in the areas of math compre-

hension, application, and synthesis. These results indicate 

that computer programming instruction was as effective 

as algebra instruction for producing gains in higher-level 

quantitative thinking. 

In the second category, computer instruction was 

placed on top of existing math programs. Under these 

conditions, Milner (1973) trained fifth grade students 

to write programs and solve math problems in LOGO. The 

experimental group used variables better on a constructed 

test than the control group without LOGO training. 

Foster (1973) divided eighth grade math subjects 

into four groups: no special instruction (Gl), flowcharting 

instruction (G2), computer programming instruction (G3), 

and flowcharting plus computer programming instruction 

(G4). Mean scores on a constructed Problem Solving Abilities 

Test ranked the groups as such: Gl < G2 < G4 < G3. The 

programming instruction group proved its superiority in 

these problem-solving areas: a) specifying conditions a, 
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set of data satisfies, b) selecting relevant solutions, c) 

proposing hypotheses, and d) constructing algorithms. 

(It is interesting to note that G3 surpassed G4. This 

indicates that flowcharting instruction may not be a 

particularly helpful technique in teaching computer pro-

gramming. This will be considered further in another 

experiment.) 

Mandelbaum (197 3) taught programming to a group of 

low-performing tenth grade math students along with their 

regular math course. The control group had the same course 

but no programming. No significant difference was found 

between the two groups in the concepts, application, or 

computation subtests of the Comprehensive Test of Basic 

Skills. In this study, programming instruction had no 

effect on measured cognitive skills. 

Andreoli (1976) taught programming to half of the 

Algebra II students in one school. The experimental group 

scored significantly higher on the Ship Destination Test 

of math reasoning ability. 

Caputo (1981) followed the top 27 per cent of the 

fifth and sixth grade students in a school that provided 

computer programming instruction. The control group was 

the top 27 per cent of the fifth and sixth graders in 

other schools in that district. The experimental group 

began the year 1.6 points above the control group on the 

Stanford Achievement Test math subtest, and ended the 
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year 4 points above. (Programmers improved 32 per cent, the 

control group 24 per cent.) 

Summary of math-related designs.—Although the above 

results look promising on the surface, some serious concerns 

arise. It has been demonstrated (category 1) that the math 

problem-solving skills developed in learning to program a 

computer are similar to those developed in traditional math 

courses, but only at the secondary level. This has not been 

demonstrated at the elementary level. 

There has been only limited success in demonstrating 

that math problem-solving ability is improved by adding 

computer programming to the math curriculum (category 2). 

Of the five studies reported in this category, one produced 

non-significant results and two produced significant results 

only under the circumstance of researcher-constructed tests, 

which could have been biased toward computer subjects. Of 

the two remaining studies with significant results, one was 

secondary and one was elementary. However, the elementary 

study (Caputo) did not statistically adjust group score 

gains for entering ability. (The top 27 per cent of the one 

school had higher entering scores than the top 27 per cent 

of all other schools.) 

At this point in time there is some evidence that 

learning to program a computer develops math problem-solving 

skills similar to those gained in math instruction at the 

secondary level. There is as yet no evidence to support 
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such a claim at the elementary level. There is only tenuous 

evidence that it improves math reasoning and problem solving 

when used as an adjunct to math instruction at any level. 

General Problem-solving Designs 

Many studies have moved away from direct comparisons 

between math and programming instruction. These have 

sought to determine if computer programming provides signif-

icant gains in general transfer and problem-solving ability. 

Statz (1974) found that ten-year old LOGO subjects 

performed better on some (but not all) of a battery of 

verbal and logical problem-solving tasks. The most signif-

icant finding was that the experimental group was better at 

using daily-language recursion (e.g. "The boy is thinking 

about the girl who is thinking about the ball.") 

Coppus (1978) divided ten subjects into three groups 

according to brain hemisphere dominance, using a self-re-

porting instrument. The groups were classified as left-

dominant (logical), right-dominant (intuitional), and 

integrated. All were taught APL programming. Left-dominant 

and integrated subjects had higher achievement levels in 

programming, as measured by a researcher-constructed assess-

ment instrument. Right-dominant subjects had greater 

ability to think of the program as a whole. 

Howe and O'Shea (1979) taught LOGO to a class of 

eleven-year old boys. An experiment was set up in which two 

boys were separated by a screen. One had a drawing of a 
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shape and the other a set of geometric tiles. The first boy 

was to describe the shape so that the second boy could 

duplicate it. It was found that LOGO experience improved 

the description task due to transfer of the ability to de-

compose a task into subparts. Other aspects of the LOGO 

training included use of body-schema to conceptualize 

program actions, and voluntarily using LOGO logic in non-

computer academic settings. 

Seidman (1981) taught LOGO to fifth grade students. On 

a test of conditional reasoning, the experimental group 

showed no gain over the non-LOGO group. 

Wells (1981) performed an unusual and revealing experi-

ment. High school students were given logical thinking 

problems to solve in traditional paper-and-pencil format and 

as computer programs. Verbal and written protocols for each 

subject were analyzed to find similarities and differences 

in the two modes of problem solving. Common processes 

included a) use of heuristics, b) subgoal formation, c) 

looking back (checking), d) trial-and-error, and e) regular 

patterns of analysis and synthesis. However, the process of 

looking back appeared in only 19 per cent of the traditional 

protocols, but in 67 per cent of the programs. Evidence of 

persistence appeared in 55 per cent of the traditional 

protocols, but in 84 per cent of the programs. The research-

er concluded that even though both modes evoked problem-

solving behaviors, programming brought out those behaviors 

more. 
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Summary of general problem-solving designs.—The evi-

dence of these studies is promising but hardly conclusive. 

They do seem to suggest a transfer of computer programming 

problem-solving skills to other problem-solving domains. 

However, the experimental groups tended to be small, and the 

measures used were often researcher-constructed or a "grab 

bag" of problem-solving tasks (as opposed to standardized 

measures). Such practices weaken the validity of the 

results. 

Instruction-related Designs 

Another type of research has focused on comparing 

different types of programming instruction formats. Studies 

of this type attempt to pinpoint instructional methods which 

improve both programming and transfer ability. 

Mayer (1975) performed two experiments on programming 

instruction. In the first, subjects were taught by model, 

text, model plus flowchart, or text plus flowchart. Those 

taught with a model could generate complex looping (condi-

tional) programs better than those taught by other methods. 

Model-only subjects generated loops better than model plus 

flowchart subjects. 

In the second experiment, subjects were taught by dia-

gram model or sample program. The model group generated 

looping programs better than the sample program group. Low-

ability subjects showed the most improvement by the model 

approach. 
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Mayer theorized that the model served as a meaningful 

learning set and advance organizer, because it familiarized 

the problem to the subject by recognizable analogy. Flow-

charts and sample programs did not familiarize, but only 

added new information into the problem set. 

In a later study, Mayer (1981) found that subjects who 

generated their own elaboration (hypothesis generation and 

summarization) while writing computer programs showed better 

transfer of problem solving and better conceptual recall on 

constructed programming tasks than subjects who did not 

elaborate. 

Gorman (1981) tested two groups of third graders with 

LOGO training. Children in one group had one-half hour per 

week of computer time, the other group one hour per week. 

He used a rule-learning task on conditional logic, adapted 

from Bourne (1971), which contained the programming-type 

logic if-then. The one hour group performed significantly 

better. 

Nordman and Parker (1981) taught subjects in fifth 

through seventh grades how to program in BASIC using task 

cards, program cards, and large group instruction. All 

subjects received equal computer time. They taught subjects 

in grades three through five how to program using worksheets 

and home assignments. Computer time was given only to 

complete assignments. Both methods worked equally well in 

producing gains in sequencing scores as measured by the 
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Systematic Approach to Reading Improvement (SARI). Neither 

method was able to produce gains in following directions as 

measured by a test constructed by the school staff. Both 

groups gained in programming comprehension as measured by 

researcher-constructed tests. The gains could not be 

related to age or instructional method. 

Summary of instruction-related designs.—The results of 

these studies are tentative but highly promising. They 

indicate precise instructional methods (models, analogies, 

elaboration, time) which directly affect the transfer of 

reasoning ability through computer programming. As the 

findings of such studies are adopted by programming instruc-

tors and researchers, all subsequent studies can be insured 

maximum conditions for demonstrating the effects of computer 

programming on the problem-solving skills of children. 

General Summary 

Definite trends have emerged which indicate that compu-

ter programming skills are similar to general problem-solving 

skills. Instruction in programming, under the best of 

conditions and methods, seems to transfer positively to other 

problem-solving domains. Problem-solving ability may there-

fore be strengthened by programming instruction. The 

number, scope, and quality of studies to date do not make 

these statements conclusive. Further and more refined 

studies are needed in this area. 
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CHAPTER III 

PROCEDURES 

Subjects 

Participants were forty-eight fifth grade students at 

a small suburban school in north central Texas. The 

neighborhood served by the school was predominantly middle-

class and white, although black, Hispanic, and Oriental 

families were included. The neighborhood was divided among 

house, townhouse, and apartment dwellers. 

Fifth grade subjects were chosen because they were 

considered to be within the optimum age range for the 

curriculum. Younger children could have difficulty with the 

vocabulary and math concepts involved. Older children (in 

middle school) could have been used, but complications could 

arise in interest, motivation, and scheduling. Fifth graders, 

on the other hand, could most likely understand the vocabu-

lary and concepts, and would probably have few conflicting 

interests and activities. 

Subjects were paired by matching composite scores on 

the Iowa Test of Basic Skills, and then randomly assigned to 

the experimental and control groups. Five subjects without 

ITBS scores were also randomly assigned to groups. In two 

cases, the random assignment of pairs was reversed due to 

parental response to a questionnaire (see Appendix A). In 

35 
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both cases, those who indicated difficulty in attending 

instructional sessions before or after school were placed in 

the control group to prevent future scheduling problems. 

The questionnaire also revealed that four children had prior 

programming experience. These four were eliminated from 

both groups. 

A second letter was sent to parents explaining that 

data was being collected during the time of the treatment 

(see Appendix B). As there was no parental response to the 

letter, their approval was assumed. 

The original experimental group consisted of twenty-two 

fifth graders. This necessitated eleven pairs for instruct-

ional purposes, five pairs of boys and six of girls. The 

assignment of pairs was based on three factors: 1) They 

needed to be in the same homeroom to prevent scheduling 

difficulties. 2) One of each pair needed to be at least a 

moderately high-achieving student to take advantage of peer 

tutoring possibilities. Composite ITBS scores were used for 

this. 3) The two needed to be amicable with each other. 

Teacher judgment was used for this. 

Instrumentation 

The criterion variable was measured by the Cornell 

Critical Thinking Test (CCTT) and the Developing Cognitive 

Abilities Test (DCAT) by Scott, Foresman. 

The CCTT, Level X, has been used in a variety of 

secondary schools settings to measure skills in judging 
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assumptions, generalizations, deductions, and the relevance 

and reliability of data. Internal (construct) validity has 

been based on logic. That is, the developers constructed a 

set of tasks which they determined to be logical in assess-

ing subjects' abilities in analyzing data. External 

validity has been based on correlations with various 

measures. Relatively high correlations (r = .45 to .62) 

have been reported for language and general aptitude (I.Q.), 

and for vocabulary and math achievement, as measured by the 

California Test of Mental Maturity and the New York State 

Junior High Survey Test. Non-significant correlations 

(r < .20) have been reported for sex and attitudes toward 

school, self, and peers (Ennis et al., 1979). 

The CCTT is divided into four subtests or sections. 

Section one asks subjects what bearing, if any, a piece of 

information has on an hypothesis. This is primarily an 

exercise in hypothesis testing and generalizing. Section 

two asks subjects to judge the reliability of data on the 

basis of its source. Section three asks subjects to judge 

whether a statement follows from a premise. This is 

primarily an exercise in deductive logic using the format 

if...then. Section four asks subjects to identify the 

assumptions underlying a statement. This exercise combines 

deductive logic with ability to determine relevance. 

Recently the CCTT has been revised to make its vocabu-

lary suitable for upper elementary students. Normative data 
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on elementary groups is still limited, and is reported only 

in quintile rank equivalents. KR-20 reliability scores of 

.84 (fifth grade) and .79 (fourth grade) have been reported 

(Ennis et al., 1979). 

The DCAT was developed to measure non-stable cognitive 

traits across three domains: verbal, quantitative, and 

spatial. Within each domain, measurements are taken across 

five levels: knowledge, comprehension, application, 

analysis, and synthesis. This 3x5 arrangement would 

necessitate 15 subtests. However, there is no subtest for 

measuring spatial knowledge, so in fact there are only 

fourteen subtests: 

1) verbal knowledge: identify synonyms; 

2) verbal comprehension: define words with context 

clues; 

3) verbal application: use correct word in context; 

4) verbal analysis: complete verbal syllogisms; 

5) verbal synthesis: complete deductive logic 

statements (if...then format); 

6) quantitative knowledge: use math concepts in 

equations; 

7) quantitative comprehension: use math operations in 

equations; 

8) quantitative application: use math operations in 

story problems; 

9) quantitative analysis: complete math syllogisms; 



39 

10) quantitative synthesis: combine two or more math 

concepts and operations toward problem solution; 

11) spatial comprehension: identify shape patterns and 

attributes; 

12) spatial application: identify position, motion, 

orientation of objects; 

13) spatial analysis: determine pattern sequence; 

14) spatial synthesis: predict outcome for 

manipulating a shape. 

Level 5/6 of the DCAT was used as it corresponds to 

fifth and sixth grade levels. The DCAT has nationwide norms 

by grade level and semester for total scores and for each of 

the three cognitive domain scores. A KR-20 reliability 

score of .88 has been reported for fifth graders taking 

Level 5/6 of the test (Technical Manual, 1981). 

With these two tests it was felt that the problem-

solving factors outlined in Chapter II could be measured 

reliably. The CCTT is based on logical thinking, while the 

DCAT is more subject-oriented. Between the two there would 

be opportunity for students of varying learning styles to 

exhibit general and specific problem-solving abilities. 

Methodology 

Experimental Design 

The study was a matched-pair pretest/posttest quasi-

experimental design. Forty-four students were matched 
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according to composite scores on the Iowa Test of Basic 

Skills. One of each pair was assigned to the experimental 

group, the other to the control group. Thus the study began 

with twenty-two subjects in each group. Measurements on only 

forty subjects were used, because two experimental subjects 

dropped out, and their matched pairs in the control group 

were likewise eliminated. All statistics are based on groups 

of twenty each. 

Treatment 

Scheduling.—With the cooperation of the fifth grade 

teachers, a schedule was arranged to allow for four or five 

instructional time segments each day. Each segment lasted 

approximately thirty minutes and accommodated two pairs of 

subjects (see Appendix C). The first segment was before 

school, from 7:40 to 8:10 a.m. On three days a week there 

was a segment during and after lunch, from about 12:20 to 

12:45 p.m. Two other segments came during P.E. periods, 

from 2:00 to 2:30 and from 2:30 to 3:00 p.m. A final seg-

ment was after school, from 3:00 to 3:30 p.m. 

These segments were for subjects to work through the 

instructional material. Either the researcher or an 

appointed student helper (or both) was present at these 

times, especially during the first half of the treatment 

period. Subjects were required to have a minimum of fifteen 

hours of total computer time (referred to hereafter as 

indirect instruction). 
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programs saved on the cassette. The folders were kept up-

right in open-topped boxes on a counter in the room. 

Helpers.—Four of the forty-eight participants 

indicated prior programming experience. Although none had 

experience with an ATARI computer or with the instructional 

material, they were allowed to help monitor and tutor during 

school hours. Three of the four were later phased out of 

the project, due to behavioral problems and lack of under-

standing of the material. The fourth was scheduled less 

often as various subjects who exhibited high levels of 

aptitude and maturity were allowed to monitor and tutor. 

Helpers were utilized during the lunch period time 

segment, when the researcher could not be present. They 

were also utilized during the P.E. segments, when the 

researcher was usually but not always present. 

Instructional material.—The instructional material was 

the Computer Challenge Kit developed by Robert Bane of 

North Texas State University, adapted for the ATARI 400 

computer by the researcher. The kit contained eight lessons 

in booklet form. Each lesson presented one or more concepts 

and provided for hands-on computer verification and rein-

forcement. In the second half of the kit, subjects took 

"challenges" after each lesson. These challenges tested 

their cumulative knowledge. In a challenge, subjects viewed 

a problem-solving program and an explanation of how it was 
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constructed. They were then asked to alter the program in 

a certain way and check their results. Finally they were 

asked to write a program of their own to solve a similar 

problem. In this way they learned problem-solving skills 

while they learned to program the computer. 

Indirect instructional work (lessons and challenges) 

was monitored in three ways: 1) Sometimes the researcher 

was present to view the subjects' work. 2) Many lessons 

asked subjects to write down the words or computer commands 

they used to get certain results. These written responses 

were kept in their folders for later viewing. 3) The final 

portion of each challenge, in which subjects wrote their own 

program, was to be saved on their cassette tapes, using the 

program recorder. Saved programs were listed on the catalog 

on the front of the folders, so the researcher could 

retrieve them at any time. 

Feedback on indirect instructional work came in three 

ways: 1) A helper or the researcher would explain a point 

to the subjects; 2) The researcher would explain a point to 

the entire experimental group, especially when it involved a 

matter that gave several groups difficulty; 3) The computer 

gave subjects immediate feedback. For example, errors in 

computer language syntax were immediately displayed. Also, 

programs that did not run properly had to be analyzed for 

correction. 
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Orientation.—The treatment began on Friday, September 

17, 1982, following an announcement on the previous day 

which had named those fifth graders who had been selected 

for the computer project. At this first 7:40 a.m. meeting, 

group pairs (partners) were assigned, and group schedules 

were passed out for the following week (see Appendix D). 

(This procedure of passing out schedules before the weekend 

was maintained throughout the project.) 

Using a simple chalkboard diagram, the researcher ex-

plained what a computer is and what it can do (see Figure 

3). The introductory section of the Challenge Kit was also 

read to the group as an introduction to the idea of using 

the computer for problem solving. 

INPUT 

(information 
from keyboard 

PROCESSOR 

(for operations 
like + - X - ) 

IT 

OUTPUT 

(results of 
screen) 

MEMORY 

(stores input and 
how to do operations) 

Figure 3.—Diagram of how a computer works 
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Week 1_.—In the Monday morning direct instruction seg-

ment, subjects were introduced to the instructional kit and 

to the computer keyboard. Terms and concepts from the first 

two lessons were explained and demonstrated. These 

included: 

RETURN-- a key to push after each statement or command 

to enter it into the memory; 

GRAPHICS 0 — a command to clear the screen; 

ERROR— a term that appears when a statement is not 

understood by the computer; 

PRINT— a command that tells the computer to print a 

message on the screen; 

Variable— a "place" in the computer's memory in which 

numbers can be stored. 

The concept of variable was reinforced by a chalkboard 

drawing of mailboxes named with letters of the alphabet, 

into which numbers were inserted. (This analogy was identi-

cal to the one used at the beginning of Lesson 2 in the 

kit. ) 

During the week all the groups worked through these 

lessons, as well as Lesson 3. Some even began work on 

Lesson 4. The researcher introduced these lessons to groups 

as needed. Lesson 3 introduced these terms and concepts: 

GRAPHICS 3 — a command that puts the computer in a 

"picture-drawing" mode; 

PLOT— a command that places a colored rectangle on the 

screen. 
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A,D— variables used with PLOT to indicate points on 

coordinate axes; 

COLOR 1,2, or 3— a command that sets a color for the 

rectangles on the screen. 

During the week a chalkboard demonstration was used to 

show the use of numbers or variables to plot rectangles: 

A = 5 is the 

D = 5 same as PLOT 5,5 

PLOT A,D 

Week 2.--In the Monday direct instruction segment, 

subjects received a preview of Lessons 4 and 5, and were 

coached in the use of the program recorder and cassettes. 

Besides their own blank cassettes, there was a Challenge 

Cassette each group had to use to view pre-recorded programs 

pertaining to various lessons and challenges, beginning with 

Lesson 5. 

Terms and concepts in Lesson 4 included: 

Program— a mode in which the computer follows instruc-

tions after they are all typed in, rather than immediately; 

NEW— a command that clears the memory before writing a 

new program; 

Line numbers-- the sequencing of program statements; 

RUN— a command that tells the computer to execute a 

program; 

GOTO— a command that tells the computer to "loop" or 

"branch" out of the sequence; 
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Infinite loop— a loop that repeats itself 

indefinitely; 

BREAK— a key that stops a program during execution; 

LIST-- a command that tells the computer to display the 

sequence of statements which compose the program. 

Terms and concepts in Lesson 5 included: 

INPUT— a command that allows the user to insert 

information during the working of a program; the information 

must be assigned to a letter variable for storage; 

REM— a command that tells the computer not to print or 

use the following remark in the execution of the program; 

C = A + B — the correct format for adding two variables 

and storing the answer in a third variable; 

CLOAD— a command that prepares the computer to load a 

program from a cassette; 

CSAVE— a command that prepares the computer to record 

a program onto a cassette. 

During the week, groups worked at different speeds. 

Some completed both lessons and began working on the three 

challenges following Lesson 5. These challenges dealt with 

programming conversion formulas (such as converting feet to 

inches) and computing formulas (such as computing the aver-

age of a set of grades). All the previously-taught terms 

and concepts had to be applied to write successful programs. 

All groups needed some coaching throughout the challenges, 

but only a few needed a great deal of help. 
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Week _3.— In the direct instruction segment, subjects 

viewed a computer demonstration of the key concepts in 

Lesson 6. New terms and concepts included: 

IF...THEN— a statement that tests for a condition; 

N = N + 1— a variable format that lets the value of a 

variable increase in size. 

By combining the above terms with the GOTO command, it 

was possible to make the computer "count." That is, a loop 

could increase and print a variable up to a predetermined 

limit. 

Also in this session the researcher provided hints for 

how to read decimals in computer answers and how to work 

through challenges. Decimals were compared to monetary 

notation, with decimals beyond the hundredths to be ignored. 

Examples such as .50 (or .5), 6.2583, 9.751632, and others 

were accurately defined by subjects using this method. 

Challenges were described as problem-solving exercises. 

The sequence and procedure for working through them was 

outlined: 

Part A — View a sample program and list it to see how 

it works. 

Part B — Change the program to solve a slightly 

different problem. 

Part C— Read the problem to be solved. Discuss, then 

write the sequence of statements needed to solve it, using 

the ideas in parts A and B. Finally, type in the program 

and run it. Correct it if necessary. 
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During the week some groups moved into Lesson 6 and its 

challenge, which called for a program that counted backwards 

by fives. This proved to be realtively easy. Also during 

this week two subjects were allowed to be helpers, monitor-

ing and tutoring other groups. 

Week 4_.—There was no direct instruction provided this 

week. Only one group had gone beyond Lesson 6, so no 

material needed presentation. Groups continued to work at 

varying paces. A general slowing of momentum was apparent 

as some groups moved into more difficult combinations of 

concepts, especially in the challenges following Lesson 5. 

Week 5̂. — In the direct instruction segment, the 

researcher diagrammed and explained two model analogies. 

The first depicted the procedure for thinking about and 

writing a formula-type program (see Figure 4). 

information formula answer 

amount Q : 
amount 

"A + - x - Vr 
constant 

Figure 4.—Diagram to explain a formula-type program 

The diagram was explained in this way: The user reads 

a message or question and is allowed to enter an amount. 

That amount is "plugged into" a formula set up by the pro-

grammer, and an answer is printed. In this way, conversions 

can be made, as well as programs which do simple calculations. 
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To illustrate this analogy further, a sample program 

was written under the diagram. The researcher showed which 

parts of the diagram matched lines on the program. 

The second diagram depicted the procedure for thinking 

about and writing a program that tested for a condition (see 

Figure 5). 

information test 

amount if yes 

if no 

do this 

> do something 
else 

Figure 5.—Diagram to explain a testing program 

The diagram was explained in this way: The user or the 

computer generates an amount. The amount is "plugged into" 

a test. If the amount "passes the test" or meets the condi-

tion, the computer is pre-set to do a certain thing. If the 

amount does not meet the condition, the computer is pre-set 

to do something else. 

To illustrate this analogy further, a sample program 

was written under the diagram. The researcher showed which 

parts of the diagram matched lines on the program. 

Following these two analogies, the researcher passed 

out a test to determine the subjects' level of recall and 

understanding of terms and concepts through Lesson 5 (see 

Appendix E). This test revealed high levels of understand-

ing (75 to 100 per cent with correct responses) on the 

following: PRINT, NEW, LIST, GRAPHICS 0, and the formula 

format C = A + B. 
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Moderate levels of understanding (45 to 75 per cent 

correct) were demonstrated on the following: INPUT, GOTO, 

RUN, BREAK, CSAVE, CLOAD, AND PRINT "C" (a command that 

would print the letter C on the screen). 

Low levels of understanding (less than 45 per cent 

correct) were demonstrated on the following: REM, PRINT C 

(a command that would print the value of variable C), [PRINT 

" "; C] (a command that would print a message and the value 

of variable C), and program analysis (being able to explain 

what a simple looping or formula program would do). 

On the day following the test, an answer sheet was 

posted and test papers were returned. Subjects were 

instructed to correct their papers and learn the items that 

were missed. During the week the researcher made special 

efforts to demonstrate key items that were missed as subjects 

continued to work on the lessons. The test and the sub-

sequent concentration on terms and concepts seemed to help 

clarify subjects' thinking. More and more often subjects 

could recall the term needed on a program statement and could 

explain or identify statements which produced particular 

results. 

The test also had the benefit of revealing subjects 

with high levels of understanding. These subjects were 

given "trial runs" as helpers during the next two weeks. 

Also during the fifth week a shift was necessitated in 

the pairings. One boy dropped out and another moved out of 
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town. Their "surviving" partners were placed together to 

form a new group. The old group 8 was eliminated, and a new 

group 4 was initiated. 

Week 6_.—In the direct instruction segment, the subjects 

were introduced to Lessons 7 and 8. New terms and concepts 

in Lesson 7 included: 

DRAWTO-- a command used after PLOT to draw a line; 

SETCOLOR_,_,_— a command to select one of sixteen 

colors and its brightness; used with COLOR command. 

After a brief computer demonstration of these, the 

researcher drew a chalkboard analogy to reinforce the 

correct use of COLOR and SETCOLOR (see Figure 6). 

COLORS 

SETCOLORS 

(5) A 
E CD 

Figure 6.--Diagram to explain the use of COLOR and SETCOLOR 

The drawing was explained in the following way: You 

can use only three paintbrushes, represented by COLOR 1, 2, 

or 3. Each brush has its own bucket, represented by 

SETCOLOR 0, 1, or 2, respectively. Besides the number of 

the bucket, each SETCOLOR must also have the code number for 

the color of paint (from a chart in the kit) and a bright-

ness level from 0 to 14 (higher = brighter). 

A sample program was written on the board to demonstrate 

how all or part of the screen could be colored using a 
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combination of PLOT, DRAWTO, IP...THEN, and GOTO. This 

would be reinforced all through Lesson 7 and its challenge, 

which asked subjects to make a three-striped flag of a 

country. Some flags were striped vertically, some horizon-

tally. This challenge proved to be of moderate difficulty 

for most groups. 

A brief introduction to Lesson 8 was also made. Its 

key terms and concepts included: 

N$— a string variable, which can store letters or any 

symbol, but cannot be used to compute; 

DIM N$-- a command which sets the dimension or number 

of characters in a string variable; must be followed by a 

number in parentheses. 

A sample program was written on the board to demon-

strate how string variables can be stored using the INPUT 

command, then later printed out in a message using the PRINT 

command. This would be reinforced in Lesson 8 and its 

challenge. The challenge asked subjects to write a program 

that let the user answer some questions, then print back the 

answers within funny fortune-telling sentences. This chal-

lenge proved to be of little difficulty for most groups. 

During the week a wide range of pace and ability became 

apparent. A few groups were attempting to complete the 

three challenges following Lesson 5, others were working on 

Lessons 6, 7, and 8, and one group finished the entire kit 

and began to work on creating a computer picture. 
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Week ]_. — In the direct instruction segment, subjects 

were shown a program that used the IF...THEN conditional 

statement with a string variable. In this way the computer 

could test a user-typed response for a particular condition 

and then respond accordingly. 

The "fortune-telling" use of string variables was also 

demonstrated by running the challenge program created by 

group 7. This was the only group to have completed that 

challenge up to that point in time. 

A 40 x 20 rectangle was drawn on the board to represent 

the GRAPHICS 3 screen. With input from subjects, points 

were marked off and named which would divide the screen into 

halves and thirds. This could be referred to later as 

groups moved into the three-stripe flag challenge. 

For the first time helpers were given a definite sched-

ule. The two subjects in group 7 were given increasing 

responsibilities in this regard, owing to their progress and 

maturity. A few others were also scheduled, although some 

were still on a tentative basis until their level of maturi-

ty and understanding could be ascertained more precisely. 

During this week there was a noticeable increase in 

momentum as the last of the groups moved out of Lessons 5 

and 6 and their challenges. A second group completed the 

kit and began to create a picture. Group 7 had already 

completed writing their picture program. During the week 

they typed and saved it, then began coding in music to 

accompany their picture. 
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Week 18.—In the direct instruction segment, group 7 ran 

their picture program for the group, producing a mixture of 

pride and awe in the room. Then a new scheduling system was 

outlined. By placing a RESERVED card on a computer, a group 

could leave their work and return later in the day to com-

plete it. This was already proving to be essential for 

groups typing in long picture and music programs. For those 

still using the kit, it would provide greater continuity for 

completing lessons and challenges. For instance, programs 

that had to be loaded, viewed, and altered would not have to 

be re-loaded when the group returned for their next indirect 

instruction segment. Scheduling groups for double (one 

hour) segments meant that groups would be scheduled on fewer 

days and would have more time between scheduled segments. 

However, it was felt that by this time there was sufficient 

understanding of basic concepts, and continuity could best 

be gained by having longer rather than more frequent segments, 

In this session it was also demonstrated that 

conditionals can be assumed in some cases. For example, in 

setting a biconditional for a loop, only one alternative 

needed to be given an IF...THEN statement. The other alter-

native would be assumed by the computer. The following 

sample program excerpt demonstrated this: 

40 IF A > 20 THEN END 

50 GOTO 10 

Line 40 states one alternative of the biconditional. 

Line 50 assumes that 40 is not true (and was ignored) and 
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sets the other alternative. Since there is only one other 

alternative (either A is greater than 20 or it is not), 

there is no need to use another IF...THEN statement, 

although it could be used. 

String variables were once again explained, and the use 

of the semicolon was reinforced as a link between a message 

and the contents of a string variable. The paintbrush-

bucket analogy for setting colors was also reviewed. 

Groups continued to progress, and the hour-long double 

segments were helpful to several groups. The highlight of 

the week was actually a sidelight of the study. On Friday, 

a cable TV cameraman and a fourth grade interviewer came to 

the computer room to film a children's show eipsode on the 

computer project. At that time, the two most advanced 

groups (7 and 10) were in the room, running their picture 

programs and typing in their music codes to be added to 

their pictures. In spite of being interrupted for inter-

views and the length of their programs, both groups finished, 

and the camera recorded the finished products of pictures 

with music. 

Week 9_.— In the direct instruction segment, the first 

two picture-music programs were demonstrated. The terms 

GOSUB and RETURN were introduced to explain how the programs 

used subroutines to play the coded-in music. GOSUB was also 

compared with GOTO. The subroutine-creating ability of 

GOSUB was described as more powerful than the simple 
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branching or looping ability of GOTO. The RETURN command 

was also differentiated from the RETURN key. As a command 

it instructs the computer to leave a subroutine and return 

to the same line number that contained the GOSUB command. 

A test was then given to the group to determine their 

progress in learning computer terms, syntax, and logic. 

This was the same test as the one given at the beginning of 

the fifth week, with a few new questions added (see 

Appendix E). 

The findings of this test revealed little difference 

from the last one. There was greater knowledge of terms and 

commands, but no improvement in program analysis. In other 

words, there was no improvement in the ability of subjects 

to look at a program listing and describe what the program 

would do when executed. The only promising finding in this 

area was the ability of nearly all the subjects to predict 

the results of a simple conditional statement. However, 

little ability was demonstrated in analyzing a biconditional 

program. 

On the day following the test, an answer sheet was 

posted and the test papers were returned for correction. 

During the rest of the week groups continued to work through 

the instructional material. Another group completed a 

picture program, and the two advanced groups worked on 

creating computer quizzes. 
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Week 10.—In the direct instruction segment, there was 

an emphasis on improving program analysis skills. Simple 

programs were written on the board, and subjects were asked 

to describe what the program would do and what would be seen 

on the screen. The best approach seemed to be to analyze 

each line in sequence, then summarize the entire program. 

Subjects demonstrated strengths in line-by-line analysis, 

but weaknesses in summarizing. This procedure was used for 

programs containing conversion formulas, conditionals, and 

biconditionals. 

As this was the week of the Thanksgiving holiday, few 

indirect instruction segments were scheduled. Even fewer 

actually took place, for the school was forced to shut down 

Wednesday morning due to electrical problems. The few 

groups that did have segments progressed rapidly in their 

work. 

Week 11.—In the direct instruction segment, there was 

again emphasis on analytical skills. A sample program was 

written on the board, and subjects were asked to give a 

line-by-line analysis of it, then summarize it. Again they 

showed strengths in line analysis and weaknesses in sum-

marizing. However, there was some improvement in their 

ability to summarize. After each analysis, subjects were 

asked to create a similar program. With input from several 

in the group, successful programs were written. This proce-

dure of analysis followed by program construction was 
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carried out for three types of programs: formula, computa-

tional, and conditional. 

The group viewed a program on the computer which used 

the GOSUB command to count right answers to a short quiz. 

Then the group was asked to help create a number guessing 

game on the computer which the researcher typed in. They 

were asked to program hints after each wrong guess ("too 

high" or "too low") and to start over if the user wished to 

play again after guessing correctly. The group correctly 

used IF...THEN, GOTO, and other necessary statements, and 

the program worked successfully. The group enjoyed playing 

the game several times until the session was over. 

During the week the two advanced groups completed and 

saved their programmed quizzes. One quiz was based on 

science-fiction movia trivia, and the other was based on 

computer terms and program analysis. On each program there 

were both short-answer and multiple-choice questions, 

responses for right and wrong answers, and an ending message 

showing the user's score. 

Another highlight of the week was a friendly contest 

between the two advanced groups. The researcher presented 

problems, and the groups worked independently on the com-

puters to solve them. Correct usage of conditionals and 

formulas was required. The two groups worked rapidly and 

with considerable accuracy. No winner was declared, and the 

experience was both enjoyable and educational for all. 
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Other groups continued to work on picture-music pro-

grams. As groups completed theirs, they were given 

"alternate challenges" to work on rather than quizzes. 

These challenges were similar to challenges in the kit, and 

were created by the researcher and various teachers and 

graduate students who had worked through the kit. These 

challenges helped to review and reinforce computer skills 

previously taught. 

Week 12.—In the direct instruction segment, more 

practice was given in program analysis. This was to be the 

final week of the study and the last full week of the 

computer project. (Posttests and Christmas preparations 

would occur during the following week.) With this in mind, 

subjects were reminded to work consistently to complete 

their programs. 

During the week there was considerable concentration in 

completing picture-music programs. All but four were 

finished by the end of the week, and those four were at a 

point which would require only a small amount of time to 

complete in the following week. 

There were three contests during the week, involving 

four different groups and a few helpers who were on hand. 

Again these friendly competitions produced enjoyable yet 

tense experiences while providing review and reinforcement 

of many skills taught in the kit. 
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Summary.—In a general sense the subjects learned a 

great deal about programming skills. In a more specific 

sense there was a large range of understanding and applica-

bility on the part of the subjects. By the end of the 

study, a few were able to write programs independently, some 

with a small amount of coaching, and others were still quite 

dependent on help from others. 

Interest remained high throughout the study, although 

there were periods of lag and frustration. Subjects were 

almost always careful with computer ware. However, they 

were not always so considerate of each other. Arguing, 

"horsing around," and getting distracted were behaviors 

which sometimes disrupted the learning process. Helpers 

were not always able to control this, and sometimes even 

contributed to it. Thus the researcher's presence was 

necessitated for reasons other than instructional. 

It is not surprising that the groups exhibiting the 

most cooperation and concentration accomplished the most on 

the computer. In fact, these traits seemed to contribute 

more to programming accomplishment than achievement scores 

or the amount of computer time scheduled. (Groups with 

little cooperation or concentration were given extra com-

puter time during the final weeks in order for them to 

complete programs.) 

All twenty subjects who completed the study surpassed 

the required fifteen hours of indirect instruction. The 
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exact number of hours per subject ranged from 17.5 to 23. 

Beyond this nine subjects functioned as helpers. Their 

total hours in this capacity ranged from 1.5 to 6. Combined 

instructional and helping time for two subjects totaled 28 

hours, and one subject had a combined total of 26 hours (see 

Appendix F). 

Twelve direct instruction segments were presented, 

totaling six hours. Not all subjects attended every 

session, but this did not seem to hinder the progress of 

subjects in their programming work. It may have had more 

subtle effects on their general conceptual learning. 

Data Collection Procedures 

The Developing Cognitive Abilities Test was adminis-

tered by the fifth grade teachers to the entire fifth grade 

in their regular homeroom setting. They distributed the 

test booklets and answer sheets, insured that names were 

printed on the sheets, and timed the test for the required 

fifty minutes. No help was given to students during the 

test. 

The Cornell Critical Thinking Test was administered by 

the researcher in the fifth grade homeroom setting. Each 

student received a test booklet and an answer sheet. The 

researcher read and explained the directions as well as each 

test item so that reading comprehension would not be a 

factor in this test. No individual help was given, nor were 

questions entertained. Students read along silently as the 
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test items were read aloud, and a pause was given for them 

to consider and mark their answers. The test lasted forty-

five minutes. 

Procedures for pretests and posttests were identical 

for both the DCAT and the CCTT. In the pretest situation, 

the DCAT was given on Monday, September 13, 1982, and the 

CCTT was given on Tuesday, September 14, 1982. The treat-

ment began on Friday of the same week. In the posttest 

situation, the DCAT was given on Monday, December 13, 1982, 

and the CCTT was given on Wednesday, December 15, 1982. 

This was during the week immediately following the 

treatment. 

Analysis of Data 

Group scores on the two tests underwent an analysis of 

covariance. The pretest scores functioned as the covariate 

to offset any differences in entering abilities of the two 

groups. (Analysis of covariance was used because of its 

ability to statistically offset such differences through 

simple linear regression.) All hypotheses were restated in 

null form, and then tested at the .05 level of significance. 
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CHAPTER IV 

ANALYSIS OF DATA 

The data were analyzed to determine the effects of 

computer programming instruction on the cognitive abilities 

of students in grade five. Pretests were administered to 

a population of forty-four. This original population was 

reduced to a posttest population of forty, due to withdrawal 

of two from the experimental group and the elimination of 

their matched pairs from the study. For statistical pur-

poses, the pretest scores of these four were also eliminated 

from the study. Thus the data reflect only the scores of 

those who completed the study, along with their matched 

pairs. 

The dependent variables were the posttest scores on the 

Developing Cognitive Abilities Test (DCAT) and the Cornell 

Critical Thinking Test (CCTT). The independent variables 

were the pretest scores of these tests. 

The twelve hypotheses in Chapter I were restated in 

null form for statistical testing. The 0.05 level of confi-

dence was the criterion for rejection of the hypotheses. 

Results of One-Way Analysis of Covariance 

The statistical methodology used to test the twelve 

hypotheses was the one-way analysis of covariance. Analysis 

64 
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of these data are presented in Tables I and II for the DCAT 

and Table III for the CCTT. 

TABLE I 

ONE-WAY ANALYSIS OF COVARIANCE FOR DEVELOPING 
COGNITIVE ABILITIES TEST 

(Hypotheses 1-6) 

Criterion Source df SS MS F P 

total Main Eff. 1 11.293 11.293 0. 312 0.580 
score Covariate 1 1861.787 1861.787 

Residual 37 1340.516 36.230 
Total 39 3213.596 82.400 

verbal Main Eff. 1 2.048 2.048 1.764 0.192 
analysis Covariate 1 7.378 7.378 

Residual 37 42.949 1.161 
Total 39 52.375 1.343 

verbal Main Eff. 1 0.569 0.569 0.875 0.356 
synthe- Covariate 1 5.344 5.344 
sis Residual 37 24.061 0.650 

Total 39 29.975 0.769 

quantita- Main Eff. 1 0.980 0. 980 0.701 0.408 
tive Covariate 1 1.627 1.627 
applica- Residual 37 51.767 1.399 
tion Total 39 54.375 1.394 

quantita- Main Eff. 1 0.378 0.378 0. 428 0.517 
tive Covariate 1 0.037 0.037 
analysis Residual 37 32.685 0.883 analysis 

Total 39 33.100 0.849 

quantita- Main Eff. 1 0. 057 0.057 0.090 0.766 
tive Covariate 1 1.407 1.407 
synthesis Residual 37 23.511 0.635 

Total 39 24.975 0.640 

df = Degrees of Freedom, SS = Sum of Squares, MS = 
Mean Square, F = Calculated F Value, p= Significance of F. 
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Hypothesis One 

Research Hypothesis One was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores on general cogni-

tive ability, as measured by total score on the Developing 

Cognitive Abilities Test (DCAT). 

The null hypothesis was retained. Table I reveals that 

the F value was not significant at the 0.05 level. This 

indicates that computer programming instruction had no sig-

nificant effect on general (subject-oriented) cognitive 

abilities. 

Hypothesis Two 

Research Hypothesis Two was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in verbal analy-

sis as measured by a subtest score on the DCAT. 

The null hypothesis was retained. Table I reveals that 

the F value was not significant at the 0.05 level. This 

indicates that computer programming instruction had no sig-

nificant effect on verbal analysis skills. 

Hypothesis Three 

Research Hypothesis Three was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in verbal synthe-

sis as measured by a subtest on the DCAT. 
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The null hypothesis was retained. Table I reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect on verbal synthesis skills. 

Hypothesis Four 

Research Hypothesis Four was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in quantitative 

application as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table I reveals that 

the F value was not significant at the 0.05 level. This 

indicates that computer programming instructions had no 

significant effect on quantitative application skills. 

Hypothesis Five 

Research Hypothesis Five was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in quantitative 

analysis as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table I reveals that 

the F value was not significant at the 0.05 level. This 

indicates that computer programming instruction had no 

significant effect on quantitative analysis skills. 

Hypothesis Six 

Research Hypothesis Six was restated to read: There 

will be no significant difference between experimental and 



68 

control groups in adjusted posttest scores in quantitative 

synthesis as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table I reveals that 

the F value was not significant at the 0.05 level. This 

indicates that computer programming instruction had no sig-

nificant effect on quantitative synthesis skills. 

TABLE II 

ONE-WAY ANALYSIS OF COVARIANCE FOR DEVELOPING 
COGNITIVE ABILITIES TEST 

(Hypotheses 7-10) 

Criterion Source df SS MS F P 

spatial Main Eff. 1 0.822 0.822 0. 374 0.544 
compre- Covariate 1 20.336 20.336 
hension Residual 37 81.242 2.196 

Total 39 102.400 2.626 

spatial Main Eff. 1 0.188 0.188 0.212 0.648 
applica- Covariate 1 20.197 20.197 
tion Residual 37 32.715 0.884 

Total 39 53.100 1. 362 

spatial Main Eff. 1 0.113 0.113 0.107 0.745 
analysis Covariate 1 0.001 0.001 

Residual 37 38.986 1. 054 
Total 39 39.100 1.003 

spatial Main Eff. 1 0.437 0.437 0.785 0.381 
synthesis Covariate 1 0.073 0.073 

Residual 37 20.590 0.556 
Total 39 21.100 0.541 

df = Degrees of Freedom, SS = Sum of Squares, MS = 
Mean Squares, F = Calculated F Value, p = Significance of F. 

Hypothesis Seven 

Research Hypothesis Seven was restated to read: There 

will be no significant difference between experimental and 
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control groups in adjusted posttest scores in spatial com-

prehension as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table II reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect on spatial comprehension. 

Hypothesis Eight 

Research Hypothesis Eight was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in spatial appli-

cation as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table II reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect of spatial application skills. 

Hypothesis Nine 

Research Hypothesis Nine was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in spatial analy-

sis as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table II reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect on spatial analysis skills. 
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Hypothesis Ten 

Research Hypothesis Ten was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in spatial syn-

thesis as measured by a subtest on the DCAT. 

The null hypothesis was retained. Table II reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect on spatial synthesis skills. 

TABLE III 

ONE-WAY ANALYSIS OF COVARIANCE FOR CORNELL 
CRITICAL THINKING TEST 

(hypothesis 11-12) 

Criterion Source df SS MS F P 

total Main Eff. 1 125.142 125.142 4.784 0. 035 
score Covariate 1 198.957 198.957 

Residual 37 967.798 26.157 
Total 39 1291.897 33.126 

conditional Main Eff. 1 0.977 0. 977 0.279 0.601 
logic Covariate 1 29.749 29.749 

Residual 37 129.674 3.505 
Total 39 160.400 4.133 

df = Degrees of Freedom, SS = Sum of Squares, MS = 
Mean Square, F = Calculated F Value, p = Significance of F. 

Hypothesis Eleven 

Research Hypothesis Eleven was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in logical 
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thinking as measured by total score on the Cornell 

Critical Thinking Test (CCTT). 

The null hypothesis was rejected. Table III reveals 

that the F value was significant at the 0.05 level. This 

indicates that computer programming instruction had a sig-

nificant effect on logical thinking skills. 

Hypothesis Twelve 

Research Hypothesis Twelve was restated to read: There 

will be no significant difference between experimental and 

control groups in adjusted posttest scores in conditional 

logic as measured by a subtest on the CCTT. 

The null hypothesis was retained. Table III reveals 

that the F value was not significant at the 0.05 level. 

This indicates that computer programming instruction had no 

significant effect on conditional logic skills. 

Non-hypothesized Variables 

Hypothesis Eleven involved the total score on the CCTT. 

This hypothesis proved to be significant, so a further 

investigation was warranted. Hypothesis Twelve involved one 

of the subtests on the CCTT, but since it did not prove to 

be significant, it did not help explain the results on the 

total score. Table IV shows the statistical results of the 

other three subtests on the CCTT. 

Relevance and hypothesis testing.--This subtest asked 

subjects to determine the relevance of a set of data and to 
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use it in testing an hypothesis. Adjusted posttest scores 

for the experimental group were significantly higher than 

those of the control group on this subtest, as revealed in 

Table IV. This indicates that computer programming instruc-

tion had a significant effect on the ability to determine 

relevance and test hypotheses, which in turn contributed to 

increased ability in general logical thinking. 

TABLE IV 

ONE-WAY ANALYSIS OF COVARIANCE FOR THREE 
SUBTESTS ON THE CCTT 
(non-hypothesized) 

Criterion Source df SS MS F P 

relevance Main Eff. 1 35.126 35.126 4.865 0.034 
and hypoth. Covariate 1 8.504 8.504 
testing Residual 37 267.143 7.220 

Total 39 310.773 7.969 

reliability Main Eff. 1 8.652 8.652 2. 099 0.156 
Covariate 1 11.917 11.917 
Residual 37 152.531 4.122 
Total 39 173.100 4.438 

assumptions Main Eff. 1 2.025 2.025 0.703 0.407 
Covariate 1 12.136 12.136 
Residual 37 106.614 2.881 
Total 39 120.775 3.097 

df = Degrees of Freedom, SS = Sum of Squares, MS = Mean 
Squares, F = Calculated Value of F, p = Significance of F. 

Reliability.--This subtest asked subjects to judge the 

reliability of a set of data on the basis of its source. 

Adjusted posttest scores for the experimental group were not 
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significantly higher than those for the control group on 

this subtest. This indicates that computer programming 

instruction did not have a significant effect on the ability 

to judge reliability, and in turn may have only contributed 

slightly to increase in general logical thinking. 

Assumptions.—This subtest asked subjects to determine 

the assumptions underlying a statement. Adjusted posttest 

scores for the experimental group were not significantly 

higher than those for the control group on this subtest. 

This indicates that computer programming instruction did not 

have significant effect on the ability to determine assump-

tions, and probably did not contribute to the increase in 

general logical thinking. 

Discussion 

The treatment had no significant effect on subjects' 

academic problem-solving abilities, as measured by the DCAT. 

The treatment did have a significant effect on their 

critical thinking skills, as measured by the CCTT. Specifi-

cally, the gains in critical thinking occurred in the areas 

of hypothesis testing and determination of relevance. 

The areas which indicated gains are closely related to 

the kinds of behaviors required in constructing and correct-

ing computer programs to solve problems. Subjects had to 

determine which computer commands were needed, and in what 

sequence, to solve a problem. If the initial program did 
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not work, subjects had to determine which commands needed 

alteration. In each instance, subjects were testing hypoth-

eses and determining the relevance of data, and the executed 

program provided verification. Thus their critical thinking 

skills were reinforced throughout the programming process. 



CHAPTER V 

SUMMARY, FINDINGS, CONCLUSIONS 

AND RECOMMENDATIONS 

Summary 

The problem of this study was to determine the effects 

of computer programming instruction on the problem-solving 

abilities of fifth grade students. This study was conducted 

for the purpose of determining the effect on academic and 

logical problem-solving test scores of fifth grade students 

after having a course of instruction in computer programming. 

The subjects for this study were fifth grade students 

in a suburban north Texas public school. Experimental group 

students participated in an extracurricular computer pro-

gramming course given by the researcher. Control group 

students were paired with the experimental students using 

composite scores on the Iowa Test of Basic Skills. A total 

of forty students completed the study, with twenty students 

in each group. 

Two instruments were administered as pretests and post-

tests to measure performance change over the treatment 

period of approximately thirteen weeks. The instrument to 

measure change in academic problem solving was the Develop-

ing Cognitive Abilities Test (DCAT). The Cornell Critical 

Thinking Test (CCTT) was used to measure change in logical 

problem solving. 
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Analysis of covariance was used to test the twelve 

hypotheses for this study. The study was a matched-pair 

pretest-posttest design. The dependent variables were the 

posttest measures. The independent variables were the 

pretest measures. The 0.05 level of confidence was the 

criterion point for rejection of the null hypotheses. 

Findings 

From the analysis of the statistical data presented in 

this study, the following findings were apparent. 

1. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in general 

academic problem solving for the experimental group as 

measured by the DCAT. 

2. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in verbal 

analysis for the experimental group as measured by the DCAT. 

3. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in verbal 

synthesis for the experimental group as measured by the DCAT. 

4. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in quantita-

tive application for the experimental group as measured by 

the DCAT. 

5. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in quantita-

tive analysis for the experimental group as measured by the 

DCAT. 
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6. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in quantita-

tive synthesis for the experimental group as measured by the 

DCAT. 

7. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in spatial 

comprehension for the experimental group as measured by the 

DCAT. 

8. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in spatial 

application for the experimental group as measured by the 

DCAT. 

9. No statistically significant difference at the 0.05 

level was obtained for adjusted posttest means in spatial 

analysis for the experimental group as measured by the DCAT. 

10. No statistically significant difference at the 

0.05 level was obtained for adjusted posttest means in 

spatial synthesis for the experimental group as measured by 

the DCAT. 

11. There was a statistically significant difference 

at the 0.05 level in adjusted posttest means in general 

logical thinking for the experimental group as measured by 

the CCTT. Further analysis revealed that a statistically 

significant gain in hypothesis testing and ability to 

determine relevance of data was the prime contributor to 

this gain in logical thinking. 
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12. No statistically significant difference at the 

0.05 level was obtained for adjusted posttest means in 

conditional logic for the experimental group as measured by 

the CCTT. 

Conclusions 

Based on the findings of this study, the following 

conclusions are suggested. 

1. Fifth grade students appear to improve in logical 

thinking and problem solving after receiving instruction in 

computer programming consisting of eighteen to twenty-four 

hours of computer time per student. 

2. Improvement in logical thinking and problem solving 

resulting from computer programming instruction appears to 

be related primarily to improvement in the ability to test 

hypotheses and determine relevance of data. Improvement in 

logical thinking and problem solving may also be related to 

improvement in the ability to determine the reliability of 

data. 

3. The aforementioned conclusions seem to suggest a 

general transfer of learning from computer programming 

skills to general logical thinking and problem solving. 

That is, the problem-solving skills developed in learning to 

program a computer seem to transfer positively to situations 

requiring general logic, specifically in the areas of 

hypotheses testing, determination of relevance, and perhaps 

also in the area of determination of reliability of data. 
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4. Computer programming instruction consisting of less 

than twenty-four hours of computer time per student does not 

appear to have any effect on the academic problem-solving 

abilities of fifth grade students. 

Recommendations 

The following recommendations are based on the findings 

and conclusions of this study, the review of the related 

literature, and the knowledge gained by the researcher as a 

result of conducting this study. 

1. This study should be replicated with the following 

changes: a) a larger sample size, b) at least double the 

amount of computer time per subject, c) access to four or 

more microcomputers per twenty subjects, and d) a more 

coordinated effort by researchers and school personnel to 

make computer instruction curricular rather than extra-

curricular . 

2. Curriculum designers at the elementary level should 

plan units and time blocks for computer programming instruc-

tion for intermediate students. This need not be a cirricu-

lum "add-on" which could burden teachers' and students' 

workload. Since computer programming instruction tends to 

improve general logic and problem-solving skills, it can 

take the place of various curricular units already designed 

to accomplish this. Certain areas of math, science, social 

studies and even reading should be reviewed as possibly 

being replaced by computer programming instruction. 
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3. Teachers should become computer literate. This 

must go beyond knowledge of the workings of computer 

assisted instruction (CAI). Literacy must be in the area of 

computer programming and programming logic. Not only would 

this make teachers qualified to teach programming, but it 

would perhaps have the added benefit of improving the 

teachers' own logical problem-solving abilities, which might 

possibly make the whole instructional domain, even non-

computer subjects, more logical and problem-solving 

oriented. In other words, as teachers become better problem 

solvers through computer programming instruction, they might 

tend to transfer their newly-discovered skills to their 

curriculum and their instructional techniques. (This may 

suggest a new line of research for curriculum and instruc-

tion specialists and teacher educators.) If for no other 

reason, teachers should become computer literate so they can 

begin to understand and appreciate the kind of logical 

processes their students are (or could be) learning. 

4. More refined instruments need to be developed to 

measure children's problem-solving abilities. The Cornell 

Critical Thinking Test appears to be an acceptable instru-

ment, but its format only allows for certain types of 

language-oriented logic to be measured. The Developing 

Cognitive Abilities Test is only appropriate for testing 

subject-oriented logic, such as in math and language. Its 

spatial logic subtests are too brief and too obvious to be 
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completely reliable for testing the subtle improvements 

which may be occurring in analyzing computer graphics. Thus 

new measures are needed to measure the effects of computer 

programming instruction on children. 

5. Studies should be conducted to determine the best 

sequence for introducing computer programming concepts to 

maximize learning and general transfer in children. 

6. More research is needed to determine which 

analogies, models, and other techniques will maximize the 

learning of computer programming concepts and transfer to 

other problem-solving situations at the elementary level. 

7. It is recommended that research be conducted of 

such a nature as to determine the effects of computer pro-

gramming instruction on the daily non-school problem 

situations encountered by children. In other words, it 

would be helpful to know if the acquiring of programming 

logic transfers to "common sense" and emergency situations. 

Such situations might include (but are not limited to) 

personal planning, scheduling, and organizing; taking risks; 

budgeting money; dealing with unforeseen or slightly altered 

circumstances; and dealing with minor crises or conflicts. 
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Dear Parents, 

This year the 5th grade will be involved in an exciting 

experiment and adventure— learning to program the school's 

ATARI computer. I will be teaching about half the class 

each semester. To help me divide the class, please fill out 

the form below by checking any and all statements that apply 

to you. Thank-you for your cooperation. 

Norman S. Rose 

I give permission for my child to participate in the 

computer project. 

I do not want my child to participate. 

We might move to another school before Christmas. 

(Give approximate date: ) 

We might move to another school after Christmas. 

My child could not stay after school about 30 minutes 

once a week. 

My child could not come to school 30 minutes early once 

a week (probably Mondays). 

My child has learned some computer programming (at 

home, camp, etc.). 

My child gets to use a computer at home. 

Other helpful information: 

My child's name is 

Signed 
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Dear Parents, 

The 5th grade computer project is about to begin. If 

your child is selected for the first group, you will be 

receiving a weekly schedule so you will know when your child 

has time on the computer. If your child is selected for the 

second group, you will be notified after Christmas about a 

starting date. 

While the first group is learning about the computer, I 

will be collecting information for my college work at North 

Texas State University. Except for this, the two groups 

will receive the same instruction and attention. 

I feel very strongly that computers can help children 

develop clearer thinking skills, and I am hoping we can 

prove this out. 

Thank you for your cooperation and support. 

—Norman Rose 
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Week #5 

7 ; 40 12 ; 20 2 : 0 0 2 : 3 0 3 : 0 0 

M Whole 1 5 10 10 

Group 3 2 7 4 

Tu 11 3 7 1 

6 4 9 2 

W 1 9 5 11 3 

10 4 6 7 7 

Th 3 5 1 9 9 

2 10 4 11 6 

F 5 6 11 11 

7 2 10 4 
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1) M 12:20 

Tu 3:00 

W 7:40 

Th 7:40 

2) M 2:00 

Tu 3:00 

Th 7:40 

F 2:00 

3) M 12:20 

Tu 2:00 

W 3:00 

Th 7:40 

4) M 3:00 

Tu 2:00 

W 12:20 

Th 2:00 

F 3:00 

5) M 2:00 

W 2:00 

Th 12:20 

F 7:40 

6) Tu 7:40 

W 2:00 

Th 3:00 

F 2:00 

7) M 2:30 

Tu 2:30 

W 2:30, 3:00 

9) Tu 2:30 

W 12:30 

Th 2:30, 3:00 

10) M 2:30, 3:00 

W 7:40 

Th 12:20 

F 2:30 

11) Tu 7:40 

W 2:30 

Th 2:30 

F 2:30, 3:00 

(These schedules were duplicated and cut into pieces so 

that each group member had two copies of their schedule: 

one for school and one for home.) 
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Name 

Write the word that tells the computer 
a) you are going to put a message on the screen, 
b) to accept a number a person types in. 
c) to skip over or go back to another line number, 
d) you are writing a message that will not go on 

the screen. 
e) to start a program. 
f) to erase the memory. 
g) to show how a program was written. 

Tell how to 
a) clear the screen. 
b) stop a looping program. 
c) find a program on a cassette. 

3. The answer to a problem is in variable K. Write what you 
tell the computer to get it to show a message and the 
answer on the screen. 

4. Fix these: 
a) A+B=C c) SAVE *e) DRAWTO 15 
b) IMPUT X d) ?"CLOAD" *f) DIM A$ 

5. Tell what these will do: 
a) PRINT C 
b) PRINT "C" 

c) 10 PRINT "HA"; 
20 GOTO 10 

d) 10 INPUT R 
20 J=R+5 
30 PRINT J 

* e) 10 PRINT Z 
15 Z = Z +2 
20 IF Z>100 THEN END 
30 GOTO 10 

* f) IF 5+3 = 4*2 THEN PRINT "POW" 

(* indicates those items which appeared only on the 
second administration of the test.) 
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Group # Subject ITBS Computer Helping Total 
score hours hours hours 

1 A 7 17.5 0 17.5 

B 81 20 3.5 23.5 

2 C 41 20.5 0 20.5 

D 95 20.5 0 20.5 

3 E 50 18.5 2.0 20.5 

F 83 21. 0 5.0 26. 0 

4 G 33 19.5 0 19.5 

H 92 20.5 3.0 23.5 

5 I 74 23.0 0 23.0 

J 83 22.5 0 22.5 

6 K n. a. 19.0 0 19.0 

L 64 21.5 1.5 23. 0 

7 M 69 22. 0 6.0 28.0 

N 95 22.0 6.0 28.0 

9 0 72 22.0 0 22. 0 

P 98 21. 5 0 21.5 

10 Q 44 18.5 0 18.5 

R 98 20.5 3.0 23.5 

11 S n.a. 22.5 2.0 24.5 

T 61 19.0 0 19. 0 
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