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ABSTRACT 

The major purposes of this study were: (a) to 

determine if learning to program a computer in either 

Pascal or FORTRAN improves the problem-solving skills of 

students (college level), who are at the formal 

operational stage, when compared to a control group of 

students also at the formal operational stage, and (b) to 

determine if learning to program a computer in Pascal is 

more effective than learning to program a computer in 

FORTRAN in the development of problem-solving abilities. 

Subjects were 58 college students from regular 1990 

fall semester classes at Texas Tech University. Subjects 

in the Pascal-treatment group received 15 weeks (41 

in-class hours, plus approximately 70 more hours of 

out-of-class programming activities) of computer 

programming instruction. Subjects in the FORTRAN 

treatment group received the same amount of instruction. 

A 61-item problem-solving instrument (two sections from 

the Ross Test of Higher Cognitive Processes and two 

sections from the Watson-Glaser Critical Thinking 

Appraisal) was used as the pretest and posttest measure, 

and data were analyzed using analysis of covariance. 

Results indicated that learning to program in Pascal 

or FORTRAN does significantly improve problem-solving 

abilities of formal operational stage students, as 
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measured by the instrument used, when compared to a group 

that receives no programming instruction. However, there 

was no significant difference between the Pascal group 

and the FORTRAN group. 
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CHAPTER I 

INTRODUCTION 

Statement of the Problem 

Since factual knowledge is relatively useless 

without the processes for operating on that knowledge to 

solve problems and answer questions, an effective means 

for developing problem-solving strategies needs to be 

found (Shaw, 1986). 

The utilization of computers may play a central role 

in helping students become better problem solvers. One 

of the major uses of computers, especially at the high 

school or college level, has been to instruct students in 

various programming languages. For this reason, the 

teaching and learning of programming languages has been 

one of the most intensely researched topics to date in 

educational computing (Reed, Palumbo, & Stolar, 1987/88). 

Some computer educators have felt that programming should 

be taught to prepare students for the future job market 

(Reed, 1986). People will need to know less about 

programming or computer operation because of improved 

software and machinery as more computers enter 

educational settings and as computers are also becoming 

more user-friendly. Thus, what people will need to know 

about computers to perform jobs involving the use of 

computers will continue to be less computer programming 
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or computer operation related knowledge and probably can 

be handled via on-the-job training (Reed, Palumbo, & 

Stolar, 1987/88). 

Even if computer educators concede that less than 

one or two percent of the future work force will consist 

of computer programmers and that teaching programming 

languages cannot be justified based on the future job 

market, they generally agree that programming should be 

part of a school or district curriculum (Luehrmann, 

1985). The reason is that formal schooling often ignores 

problem-solving skills as an teaching emphasis. Some 

feel that programming languages may be the language of 

"operational logic: the logic of planning and the 

rational execution of action" (Galanter, 1984, p. 30). 

If formal schooling involves little practice in solving 

problems and programming languages are one linguistic 

basis for solving problems, the teaching and learning of 

programming languages may have a place in formal 

schooling (Reed, Palumbo, & Stolar, 1987/88). Research 

reveals initial evidence that the same processes are used 

in both computer programming and problem-solving (Papert, 

1980, p. 60; Wells, 1981). Consequently, computer 

programming may be an effective way of enhancing problem-

solving instruction. 



Research Problem 

Many researchers have attempted to investigate the 

relationship between learning a programming language and 

increased problem-solving skills. The results of the 

research have been less than conclusive, regardless of 

the language used. Because of a lack of a widespread, 

positive, statistical relationship between programming 

language instruction and problem-solving skills, some 

computer educators and computer researchers have begun to 

question if a link between programming language 

instruction and problem-solving skills does, in fact, 

exist (Pea, 1987). 

In spite of the absence of substantial proof of a 

positive relationship, there are many who support the 

proposed link between programming language instruction 

and problem-solving skills. These researchers have 

identified deficiencies in those research studies which 

have not found these predicted positive relationships. 

For example. Burton and Magliaro (1987/88) have 

identified several faulty research design features. Such 

features include 

(a) inadequate length of treatment 

(b) lack of ideationally rigorous treatment 

(c) whether, in fact, a language was even taught 

(d) the use of insufficiently sensitive and/or 

inappropriate dependent measures 
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(e) the lack of a theoretical, problem-solving 

basis for conducting the studies (much of the 

problem-solving/programming language research 

that has provided nonsignificant results has 

not been grounded in problem-solving theory 

and, thus, has not been devised so that changes 

in problem-solving skills might be measured) 

(f) developmental aspects of the research 

participants in terms of Piaget's developmental 

stages (subjects are mostly in the concrete 

operational stage rather than the formal 

operational stage. In other words, the research 

participants were too young or developmentally 

incapable of understanding complex commands, 

combinations of commands, and/or concepts 

involved when learning a programming language 

that might affect problem-solving skills). 

These issues pose some interesting and important 

concerns. According to Palumbo and Reed (1987/88), 

programming languages are frequently taught as part of a 

computer literacy course. As a result, very little of the 

language is actually learned. Palumbo (1990, January) 

asserts that the more important issue is whether or not 

the language was taught and reinforced in a problem-

solving manner. The language not only must be taught 

using a top-down approach, but appropriate activities to 
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reinforce the instruction must be top-down and strategic, 

so that problem-solving skills might be accessed and 

developed (Lockard, 1985/86). According to Lockard 

(1985/86), top-down design requires that the programmer 

devise "a program by identifying the primary tasks to be 

performed, then the subtasks essential to the achievement 

of each primary task, and so on, until a minimal level of 

complexity is reached" (p. 107). Any student taught to 

approach a programming task in a top-down manner can 

solve the programming problem in this manner (Garland, 

1986). The extent that a programming language might be 

taught and learned in a problem-solving manner depends 

partly on depth of instruction and how long a language 

has been taught (Palumbo, 1990, January). Palumbo and 

Reed (1987/88) have used the term "intensity of 

treatment" to describe the treatment provided in problem-

solving/programming language research. According to 

Palumbo and Reed (1990, February), 

intensity of treatment is a function of three main 
components: (a) the amount of actual time spent working 
on the computer, (b) the rigor of the information 
presented in the computer learning atmosphere, and (c) 
the proximity of instructional sessions to each other, 
(p. 11) 

In research involving programming instruction, 

Palumbo and Reed (1987/88) found that students exposed to 

the language environment for nine weeks, with an average 

exposure time of nine hours per week, showed significant 

increases in problem-solving skills. This research study 
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not only surpassed, in terms of length of treatment, many 

research studies (Brown & Rood, 1984; Clements & Gullo, 

1984; Kurland & Pea, 1985; Pea, 1984; Shaw, 1986) that 

yielded no significant effect on problem-solving skills, 

but they also employed a treatment that occurred in a 

much closer time frame, providing students with nine 

hours of exposure per week. Clements and Gullo (1984) 

found that students did not perform significantly better 

on measures of cognitive development (classification and 

seriation) than did a CAI comparison group after two 40-

minute programming sessions per week for 12 weeks, or a 

total of 16 programming hours. 

There are several languages available for teaching 

programming to students at the high school or college 

level. Examples include LOGO, BASIC, Pascal, FORTRAN, 

COBOL, C, PROLOG, LISP, and so on. Two of the most 

popular languages at these levels are Pascal and FORTRAN. 

Pascal is an advanced programming language that was 

developed as a language to teach programming. It was 

designed to encourage good programming techniques by 

people who use it. Pascal is a procedural language and 

has all of the structures that are missing in LOGO or are 

weak in BASIC (Sweetland, 1987). The FORTRAN programming 

language has been around the longest of all high-level 

languages, and its very longevity attests to its general 

applicability and ease of use. FORTRAN has unusually 
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powerful input/output capabilities, giving it more 

flexibility in handling existing data or in creating 

elegant output than most languages afford (Edgar, 1988, 

p. 7). The main advantage of FORTRAN programming is the 

freedom to write "structured" or "unstructured" code 

according to personal preferences or the temporal and 

design constraints inherent in a programming project 

(Krus & Lu, 1987). In many respects, FORTRAN is a truly 

mature, flexible and powerful tool for program 

development. In Korea, the FORTRAN programming language 

dominates programming instruction at both the high school 

and college levels. 

A large body of research investigating the 

relationship between programming languages and the 

development of problem-solving skills using LOGO or BASIC 

exists. Little research on the effects of Pascal and 

FORTRAN programming instruction has been conducted so 

far. As a result, the author has posed the following 

research question: What is the effect of Pascal and 

FORTRAN programming instruction on problem-solving 

cognitive ability in formal operational stage students? 

The purposes of this study were (a) to determine if 

learning to program a computer in either Pascal or 

FORTRAN improves the problem-solving skills of students 

(college level) who are at the formal operational stage 

when compared to a control group that receives no 
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programming instruction, and (b) to determine if learning 

to program a computer in Pascal is more effective than 

learning to program in FORTRAN in the development of 

problem-solving abilities. 

To carry out these purposes, the following 

hypotheses were tested: 

Hypotheses 

1. There is no significant difference between 

students in the Pascal prograrmning group, 

students in the FORTRAN programming group, and 

students in the control group on a posttest 

measuring problem-solving ability. 

2. There is no significant difference between 

students in the Pascal programming group and 

students in the FORTRAN programming group on a 

posttest measuring problem-solving ability. 

3. There is no significant difference between 

students in the Pascal programming group and 

students in the control group on a posttest 

measuring problem-solving ability. 

4. There is no significant difference between 

students in the FORTRAN programming group and 

students in the control group on a posttest 

measuring problem-solving ability. 



5. There is no significant difference between 

pretest scores and posttest scores on a 

problem-solving ability test in the Pascal 

programming group. 

6. There is no significant difference between 

pretest scores and posttest scores on a 

problem-solving ability test in the FORTRAN 

programming group. 

7. There is no correlation between Pascal 

programming performance and posttest scores on 

a problem-solving ability test. 

8. There is no correlation between FORTRAN 

programming performance and posttest scores on 

a problem-solving ability test. 

Contribution of the study 

Schools have been charged with the responsibility of 

developing thinking and problem-solving skills. 

Generally almost all teachers agree that problem-solving 

is the most essential and valuable topic presented to 

students in school (Cyert, 1980; Simon, 1980). Papert 

(1980) believes that learning to program a computer can 

improve one's ability to think. Pascal is being accepted 

by many high schools and most colleges throughout the 

country as a powerful tool for developing thinking 

skills. FORTRAN has been around the longest of all high-
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level languages, and its very longevity attests to its 

general applicability and ease of use. Some Asian 

countries (Japan, Korea, and Taiwan) use the FORTRAN 

programming language extensively in their high school 

programming instruction curriculum. Unfortunately very 

little is known about the effect of Pascal and FORTRAN 

programming instruction on problem-solving ability. 

Therefore, this study is significant in that it will 

examine the relationship between learning a specific 

computer programming language and enhanced problem-

solving abilities and will provide information that may 

be valuable in making curriculum decisions regarding 

computer usage in the school. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Introduction 

A number of technologies have been proclaimed as 

solutions to the poor state of our educational system. 

Proponents of motion pictures, television, programmed 

instruction, and video recorders have claimed that these 

devices can make a substantial and lasting improvement in 

the way we teach our children. Unfortunately, most 

supporters of these technologies have promised more than 

they have delivered. Likewise, the computer has been 

proclaimed as the technology whose use in learning will 

help move education ahead in this century and for 

centuries to come (Salomon, 1985). As Salomon has also 

pointed out, however, there is often a gap between the 

opportunity afforded by technological advancements in 

education and their actual contribution. It, therefore, 

becomes imperative to provide research evidence for any 

claims that a given technology will benefit and advance 

our educational system. 

Since computers have made their way into our 

educational system, one of the predominant uses of 

computers, especially at the high school or college 

level, is to instruct students in various programming 

languages. Some authors assert that programming languages 

11 
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may be the language of "operational logic: the logic of 

planning and the rational execution of action" (Galanter, 

1984, p. 30). This wide-scale instruction generally 

assumes a positive relationship between programming 

language instruction and higher order thinking skills 

such as problem-solving (Linn & Dalbey, 1985). However, 

the effect that computer programming languages will have 

on education can sometimes be seen as wishful thinking 

because research has provided little evidence that these 

desired effects are easily attainable. 

As one means of explaining the absence of 

substantial proof of a positive relationship, those who 

support the link between programming and problem-solving 

have begun to identify deficiencies in research studies 

that have failed to find statistically significant 

relationships. These deficiencies can be grouped into 

several major categories. The first is that the 

programming language versus problem-solving studies are 

often not firmly grounded in problem-solving theories 

(Burton & Magliaro, 1987/88). The second issue is 

related to the method, quality, length, and intensity of 

the treatment presented (Burton & Magliaro; Palumbo & 

Reed; Reed & Palumbo, 1987/88). The third area of 

concern is the selection of an appropriate sample, whose 

age range and ability level will coincide with the 

necessary cognitive skills in order to benefit from 
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programming language instruction in terms of Piaget's 

developmental stages (Linn & Dalbey, 1985; Pea, 1984). 

The purpose of this chapter is to review and discuss the 

literature concerning: (a) Piaget's theory of cognitive 

development, (b) types of knowledge and programming 

languages, and (c) problem-solving and transfer. 

Piaget's Theory of Cognitive Development 

One of the foremost developmental psychologists is 

Jean Piaget, the Swiss psychologist who studied the 

processes of thinking in children. Piaget attempted to 

isolate and describe the mental structures on which 

reasoning processes are based, independent of formal 

training (Inhelder & Piaget, 1958). Piaget used the 

concept of the schema as an intervening variable with 

regard to mental activity. Schemata are ways of 

perceiving, understanding and thinking about world. The 

essence of cognitive development is the constant change 

that takes place in an individual's schemata. Piaget 

referred to this change as adaptation to the environment. 

When an individual has an experience that is inconsistent 

with a schema, the individual has a tendency to modify 

the schema to accommodate the new input. Therefore, the 

process by which schemata change is called accommodation. 

The process by which schemata influence the 

interpretation of experiences is called assimilation. 
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Adaptation is a basic tendency of any organism, and 

consists of these two complimentary processes of 

accommodation and assimilation. Assimilation involves 

the person's dealing with the environment in terms of 

his/her intellectual structures, whereas accommodation 

involves the transformation of these structures in 

response to the environment. These processes are 

simultaneously present in every human act (Ginsburg & 

Opper, 1979). 

As a person's schemata gradually but constantly 

change throughout life, Piaget theorized that it is 

possible to describe developmental stages that each 

person passes through. Stage refers to one mode of 

behavior in a sequence of behaviors related to, but not 

determined by, the age of the individual (Elkind, 1976). 

Each stage is characterized by a different type of 

interaction between the individual and the environment. 

These psychological structures, used by the individual to 

adapt to the environment, change from one age level to 

another. At each stage a person's schemata have certain 

characteristics different from those in earlier or later 

stages. The order of succession of these stages has been 

compared by Piaget (1972) to the stages of embryogenesis, 

in that they are extremely regular, even though the speed 

of development can vary from one individual to another. 

Piaget ultimately described four distinct developmental 
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stages: the sensory-motor stage, the preoperational 

stage, the concrete operational stage, and the stage of 

formal operational thought. 

Sensory-motor stage. The sensory-motor period 

extends from birth to age two. The schema that develop 

are those involve the child's perception through sense 

organs, and the body coordinations the child makes to 

deal with these perceptions. The child forms basic 

conceptions about the material world, and acquires a 

basic sense of causality through the way actions are seen 

to affect objects. The child's world changes from 

unorganized confusion to an orderly arrangement of more 

or less permanent objects, related causally to each other 

and to the child's own behavior (Hill, 1977). 

Preoperational stage. The preoperational period 

includes ages two through six to seven years. The 

preoperational child can use symbols by generalization 

and attempts to manipulate reality by intuitive 

regulations instead of operations (Inhelder & Piaget, 

1958). Boden (1980) described 6- to 7-year-olds as 

understanding the moral and material world in terms of 

self. They often have better verbal skills than math 

skills. They tend to focus on one aspect of a situation 

and ignore other relevant information. Piaget called 

this characteristic of cognitive activity centration 

(Ginsburg & Opper, 1979). Preoperational children have 
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not yet developed the operational structures of 

classification, seriation, and reversibility that result 

in truly logical understanding. 

Concrete operational stage. At about age 7 the 

child enters the concrete operational stage. This stage 

extends through approximately age 12. The term operation 

is used here as a means for mentally transforming data 

about the real world so the data can be used selectively 

in the solution of problems. These problems must be 

related to materials and not just symbols (Elkind, 1976). 

Concrete data is characterized by the immediate 

experience of realities, whether physical in nature, or 

from sensations or emotions. The properties of this 

concrete data are abstracted by the concrete operational 

child in order to perform mental operations. One 

characteristic of the concrete operational child is 

decentration, which allows the child to attend to several 

dimensions of a problem simultaneously (Ginsburg & Opper, 

1979). Piaget (1972) stated that during this stage a 

logic of reversible action is constituted which allows 

the formation of intellectual structures. These include 

a classification system, an ordering system, the 

construction of natural numbers, the concept of 

measurement of lines and surfaces, perspective, and 

certain general types of causality. The concrete 

operational child masters operations of arithmetic. 
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measurement, logical classes, class and set 

relationships, and conceptions of space. This child can 

understand the present and the actual and sometimes can 

glimpse the possible. However, the possible cannot be 

appreciated until the child reaches the next stage--the 

formal operational stage. 

Formal operational stage. The children initially 

studied by Piaget entered the stage of formal operations 

at approximately age 12 (Day, 1981). Later studies 

indicate that full attainment of formal operations may 

not be reached until the late teens, if at all (Lawson, 

1985; Nagy & Griffiths, 1982; Pallrand, 1979; Piaget, 

1972). The stage is reached in different areas according 

to the child's aptitudes and specializations (Piaget, 

1972). Even then, the way these formal structures are 

used varies with the individual (Chiappetta, 1976). 

The principal characteristic of this stage is the 

individual's capacity to reason in terms of concrete 

objects and their manipulation (Piaget, 1972). The 

formal operational child thinks about the real and the 

possible differently than does the concrete operational 

child. Concrete operational children start with the real 

and work toward the possible. The formal operational 

child reverses this. The focus of formal thinking is no 

longer reality, but possibility, with the real being but 

one of the possibilities (Furth, 1981). 
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Inhelder and Piaget (1958) stated that formal 

thinking is essentially hypothetico-deductive. Deduction 

no longer refers to perceived realities but to 

hypothetical statements--propositions which are 

formulations of hypotheses or which postulate facts or 

events independently of whether or not they actually 

occur. The most general property of formal thought is 

that it constitutes a combinatorial system. This formal 

combinatorial system furnishes the total number of 

possibilities; and on the experimental level the search 

for new combinations is exactly what characterizes 

hypotheses. The formal thinker will be able to combine 

all the elements in a set systematically to create all 

possible combinations. This ability allows the child to 

use the strategy of controlling variables (Day, 1981). 

Another characteristic of the formal thinker is his/her 

ability to consider the logical relationships between 

statements while ignoring their concrete content. 

In Piaget's studies of cognitive development, the 

age of the child is the only independent variable. This 

approach does not allow us to determine what role, if 

any, environmental influences play in the development of 

thinking and reasoning, and therefore in the emergence of 

intelligence. Is intelligence affected by the 

technology, language, or values of a particular culture? 

This question has been posed by investigators who believe 
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that "intelligence is to a great extent the 

internalization of tools provided by a given culture" 

(Greenfield & Bruner, 1973, p. 369). Educators are in 

the business of providing tools for the development of 

intelligence. 

Piaget's research is not directed toward education 

and teaching but his theories of how children acquire 

knowledge and develop intellectually are certainly 

relevant to education. 

The Types of Knowledge and 
Programming Languages 

The learning of content-area material through 

instructional systems has tended to focus on two distinct 

types of knowledge. The first type is declarative 

knowledge: specific facts, concepts, and principles. The 

second type is procedural knowledge: the active use of 

the declarative knowledge base in strategic ways when 

solving problems (Gagne, 1985; Newell & Simon, 1972; 

Norman & Rumelhart, 1975). 

Programming languages attempt to develop both the 

declarative and procedural knowledge of the students 

involved in the educational system (Mandinach & Linn, 

1986). The goal of programming is to teach students the 

command structure of a particular language (declarative 

knowledge) and then provide them with situations where 

they must use this information in strategically different 
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ways (procedural knowledge). According to Dalbey & Linn 

(1985), effective programming requires that a student: 

(a) understand the problem (declarative knowledge), (b) 

design and plan a solution (procedural knowledge), (c) 

code (declarative knowledge), and (d) debug the program 

(procedural knowledge). Surely, without formal 

operations activity, the above four programming 

requirements cannot be accomplished, since the student 

needs to be able to combine all the elements in a set 

systematically to create all possible combinations. 

Therefore Piaget would classify programming as a formal 

operations activity. 

Hence, programming language instruction can be used 

as an instructional environment to promote higher-order 

thinking skills such as problem-solving. Initially 

programming was taught with the assumption that a large 

proportion of the work force would be comprised of 

programmers (Reed, 1986). This job class failed to 

materialize (Reed, Palumbo, & Stolar, 1987/88). Many 

educational computing researchers, however, still view 

programming language instruction as a valuable medium to 

develop problem-solving skills. 
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Problem-Solving and Transfer 

Definition of Problem-Solving 

According to Frederiksen (1984), the cognitive 

definition of problem-solving focuses mainly on an 

information processing view of human behavior. He goes 

on to state that there are three main components to this 

particular view of problem-solving: (a) problem 

representation, (b) problem solution, and (c) pattern 

representation. The use of the information processing 

analogy is appropriate, especially in the area of 

programming language research. 

Since this view of the human system was initially 
grounded in the computer as a metaphor for the human 
memory system, the information processing framework has a 
particular appeal as a framework for research on computer 
programming and problem-solving. (Burton & Magliaro, 
1987/88, p. 61) 

Based on the complex definition of human memory, 

Palumbo and Reed (1990, February) define problem-solving 

as a function of the manner in which certain stimuli are 

input through the sensory memory system, processed and 

encoded through working memory and stored with their 

relative associations and histories in the Long Term 

Store (LTS). The first aspect of cognitive processing 

involved in problem-solving may be problem 

representation. Palumbo and Reed insist that one must 

first look at the problem space (the area of memory 

responsible for problem representation) in order to 

understand the concept of the problem representation. 
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Newell (1980) has stated that the problem space is the 

fundamental organizational unit of all symbolic activity 

and is the starting point for all problem-solving. Card, 

Moran, and Newell (1983) state that the problem space is 

composed of the activities used to solve problems which 

involve (a) a set of knowledge states, (b) operators that 

allow one to move from one state to another, (c) the 

specific constraints for applying certain operators, and 

(d) the knowledge for making decisions about which 

operators to use in specific situations. The next 

element that makes up the problem representation is the 

concept of the task environment (Palumbo & Reed, 1990, 

February). This task environment can be seen as the set 

of knowledge, information, facts, and relationships 

needed to solve a particular problem. The problem space 

is the mental representation of this task environment. 

One needs both an accurate and sufficient task 

environment, providing that all the information necessary 

to solve a particular problem is presented and then is 

accurately encoded into working memory for a successful 

solution of a problem (Newell & Simon, 1972). 

Problem situations become more complex as the 

relationships between elements in the problem space are 

more obscure, thus requiring more operations to construct 

an adequate problem solution. Problems where all the 

information is presented in the problem statement are. 
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thus, much easier to solve than those with missing or 

obscured information. Riley, Greeno, and Heller (1981) 

address the type of problems where all of the information 

is not clearly presented in the problem statement. This 

type of problem requires a type of cognitive network of 

facts and interrelations between facts in order for the 

problem to be solved successfully. This semantic network 

can consist of the information presented in the problem 

statement, related information retrieved from the LTS, 

the desired goal state of the problem, and any 

interrelationships that can be drawn. 

The LTS contains the semantic information needed to 

solve a particular problem. Yet, in order for this 

information to be used, it needs to be activated into 

working memory. Once activated, the processing of 

information is then contingent upon the limitations of 

working memory (Tulving, 1972). Processing is also 

affected by the conditions of the information as it is 

stored in the LTS. Well-practiced and well-integrated 

information is more automatically and, therefore, more 

effortlessly processed into working memory. This 

information requires less space and attention for 

activation of the desired motor subsystem. The quality 

of the information is also substantially increased 

through practice. 
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The Difference Between Novices and Experts 

One of the pervasive findings in the problem-solving 

literature is that there are distinct differences between 

the ways novices and experts solve particular problems. 

Larkin (1980) states that novices and experts use 

different cognitive processes in solving problems. 

Experts, such as chess grand masters, process the 

necessary information presented more efficiently, or in 

larger "chunks," while the novice problem solver tends to 

work with smaller, less integrated units of information 

(Simon & Chase, 1973). One of the reasons experts tend 

to solve problems much faster than their novice 

counterparts is that experts often need not go through 

the time-consuming and distracting process of 

independently selecting each individual principle (or 

chunk of information) necessary to solve the problem. 

de Jong and Ferguson-Hessler (1986) found that good 

problem solvers tended to have their knowledge sorted by 

general problem type, while poorer problem solvers tended 

to sort information by much more superficial 

characteristics. Thus, expert programmers might know the 

number of different procedures required to effectively 

and efficiently solve a particular programming problem. 

Novice programmers, on the other hand, might focus on 

less relevant features, such as, how many lines does this 



25 

program have to be, or do we need to include internal 

documentation. 

Pirolli and Anderson (1985) showed that novice 

programming students tended to solve recursive 

programming problems by analogy to other types of 

problems they had previously encountered. This method 

was not as effective as forming abstract representations 

of the problem and then attempting a solution. 

What makes one an expert? Simon (1980) has stated 

that expertise in a particular area may take as long as 

10,000 hours of practice with appropriate feedback. As 

Simon points out, one cannot become an expert in chess 

without years of practice and exposure to the task 

environments involved. Norman (1978) has stated that it 

may require 5,000 hours of experience to develop 

expertise in a complex skill. Since computer progranuning 

is definitely a complex skill (Dalbey & Linn, 1985), 

questions about the possibilities of developing experts 

through traditional programming courses must be raised 

because it seems to be impossible to allow for this many 

hours of experience in a semester- or year-long course in 

a particular programming language. In fact, after being 

enrolled in a traditional programming course, Linn and 

Dalbey (1985) have found that the majority of students do 

not substantially progress in mastering the fundamental 

programming commands, the first link in their chain of 
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cognitive accomplishments. Therefore, if participants in 

programming language/problem-solving research were 

novices at the beginning of the programming instruction, 

they would still be classified as non-experts at the 

conclusion of the instruction. However, research on the 

potential problem-solving gains and length of programming 

instruction seems to show that the longer the instruction 

(in terms of hours of actual programming language 

access), the more likely that problem-solving increases 

will occur (Palumbo & Reed, 1990). Sloane and Linn 

(1988) have stated that one of critical features of 

effective programming language instruction is extensive 

on-line access to the computer. Even if students do not 

become experts in traditional language courses, the 

students' problem-solving ability may be affected by 

their intensive on-line access time to the computer. 

Types of Problem-Solving Transfer 

The notion of problem-solving transfer from one 

domain to another is a crucial feature of the computer 

programming/problem-solving research (Burton & Magliaro, 

1987/88; Clark, 1985). Can training in one particular 

skill increase or facilitate the learning of other 

skills? Does an expert programming problem solver 

develop a general problem-solving strategy that will be 

effectively utilized when faced with any new problem 
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situation? Simon (1980) has stated that there is only 

mixed evidence that transfer of knowledge and skills is 

possible. The transfer of skills between one complex 

problem-solving domain and another seems to be very 

limited. According to Frederiksen (1984), expert chess 

players do not readily demonstrate transfer of their 

problem-solving abilities to skills in politics and/or 

economics. He goes on to state that expertise and 

problem-solving skill is generally thought to be specific 

to the limited problem-solving domains where the 

expertise is acquired. 

Near and distant transfer. Near transfer is the 

transfer of skills and expertise to a new problem-solving 

domain which is very similar in its stimulus features to 

the domain where proficiency and skill have already been 

obtained and established (Burton & Magliaro, 1987/88). 

An example of near transfer is the research of Dalbey and 

Linn (1986), which showed that students instructed in one 

programming language could more easily transfer this 

training, especially the components of the training which 

involved very similar concepts in the new programming 

language environment such as looping. In this case, the 

initial environment and the environment to be transferred 

to have many similar features, such as the function of 

commands and the rationale of the concepts. 
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Distant transfer is the transfer of skills and 

expertise to a new problem-solving domain which is 

distinctly different in its stimulus features from the 

problem-solving domain where expertise had already been 

established (Burton & Magliaro, 1987/88). An example of 

distant transfer would be the attempt to transfer the 

skills involved in programming to less similar 

environments such as puzzle exercises or the Tower of 

Hanoi problem. Although both programming problems and 

the Tower of Hanoi puzzle involve the construction of an 

algorithm to effectively solve the problem, the task 

environments are very different and, thus, any transfer 

of training that would occur through programming 

instruction would be classified as distant transfer. 

In essence, the distinction between near and distant 

transfer rests on the similarity between the task 

environment involved in the training domain and the task 

environment of the problem-solving domain to which the 

skills or training are to be transferred. An environment 

whose task environment is very similar to the initial (or 

training) environment would require only near transfer of 

training. Distant transfer, on the other hand, would be 

necessary when the new environment differs substantially 

from the training environment. 

Research attempting to determine the relationship 

between programming language instruction and certain 
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problem-solving skills can be seen as an attempt to 

determine the near and distant transfer that may occur 

through programming language instruction. For example, 

Dalbey, Tourniare, and Linn (1986) taught a structured 

diagramming technique in an eighth grade programming 

language course. Students attempted to construct 

diagrams to refine the problem specifications and 

potential solution. Their findings were that students 

had difficulty when the problem situation was different 

from the models used in the training sessions. In this 

example, distant transfer of the diagramming skills did 

not occur through programming language exposure. 

Specific and generalized transfer. Specific 

transfer can be defined as transfer of one or more 

specific skills to a new problem-solving domain. 

Generalized transfer can be defined as the transfer of 

general problem-solving strategies and procedures from 

one problem-solving context to another (Burton & 

Magliaro, 1987/88). This distinction can also be placed 

in the context of declarative knowledge and procedural 

knowledge (Palumbo & Reed, 1990, February). While 

specific transfer deals with the transfer of specific 

factual information that might improve the ability to 

solve problems in a variety of problem-solving domains, 

generalized transfer focuses on the transfer of problem-

solving procedures or heuristics from one problem domain 
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to another. Hence the distinction between specific and 

generalized problem-solving transfer focuses on the 

particular problem-solving strategies required to 

effectively solve a particular type of problem situation. 

Measuring transfer. Palumbo and Reed (1990, 

February), Palumbo (1990, January), and Reed and Palumbo 

(1987/88) have developed a problem-solving instrument 

that focuses on analysis of attributes, analysis of 

relevant and irrelevant information, deduction, and 

interpretation, to determine the relationship between 

programming language instruction and certain specific 

problem-solving skills. They have attempted to address 

the impact of programming instruction on these specific 

skills and, thus, have focused on specific problem-

solving transfer from the programming environment to the 

testing environment. 

The New Jersey Test of Reasoning Skills, a 

generalized problem-solving instrument was used by Shaw 

(1986) to assess the effects of BASIC and Logo 

prograrmning instruction on problem-solving skills. She 

found that there were no effects from BASIC and Logo 

programming instruction on problem-solving skills. Use 

of general problem-solving measures focuses on the extent 

to which generalized problem-solving transfer will occur 

through programming language experience. It is this 

generalized problem-solving transfer that computer 
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programming educators have hoped to increase. Certainly, 

that is one of the claims made for the benefits of Logo 

instruction (Papert, 1980). Pea (1984) and Ginther and 

Williamson (1985), however, have stated that this type of 

generalized problem-solving transfer is difficult, if not 

impossible, to achieve in any context; and, there is no 

reason to assume that programming language instruction 

will provide contrary evidence. 

Yet, there are still those who do support the fact 

that some type of problem-solving transfer should and 

will occur, given appropriate programming language 

experience (Lehrer, Guckenberg, & Lee, 1988; Palumbo, 

1990, January; Palumbo & Reed, 1987/88; Palumbo & Reed, 

1990, February; Reed & Palumbo, 1987/88). In fact, if 

the goal of programming language instruction is to teach 

both the components of a particular programming language 

and also to teach problem-solving skills (Linn & Dalbey, 

1985), then some type of transfer of skills is necessary 

to support such instruction. 

The Use of Programming Languages to Develop 
Transferable Problem-Solving Skills 

Brown (1985) addresses the fact that the current 

focus of our educational system is limited to the product 

and little is known about the underlying processes 

involved in learning. If there are no explicit 

strategies or heuristics for learning, then much of what 
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is eventually learned may not be learned as efficiently 

as possible. Current computer technology, specifically 

programming language instruction, offers an environment 

to examine the underlying processes involved in learning. 

Using this technology effectively, we may learn more 

about what actually occurs when a person learns and the 

metacognitive skills required for this learning to occur. 

The computer has the capability to record the exact 

process, in terms of the actual computer code, that a 

student performs when solving a particular problem. This 

product can then be examined and evaluated for flaws or 

inefficiency through the process of debugging. These 

tasks would, in the long run, benefit the student by 

allowing him or her more effective and efficient 

strategies for solving a variety of problems. Our 

educational system could then turn from traditional 

domain-specific instruction to include training and 

experience in the metacognitive skills that might 

increase students' problem-solving ability in the real 

world. This point is also addressed by Papert (1980) who 

states that the computer is more than simply a powerful 

educational tool, such as the textbook, the film 

projector, or the video cassette recorder. The computer, 

through programming language instruction, allows 

educational researchers to investigate what occurs when a 

student moves to formal stage thinking. 



33 

Salomon and Perkins (1987) have listed six general 

areas of transfer that might be attainable through 

appropriate programming language experience. These types 

of transfer include: (a) transfer of mathematical and 

geometric concepts and principles; (b) transfer of 

problem-solving skills, problem finding, and problem 

management strategies; (c) transfer of the abilities of 

formal reasoning and representation; (d) transfer of 

knowledge models, thinking and learning skills; (e) 

transfer of cognitive styles; and, (f) transfer of 

enthusiasm and tolerance. 

Minsky (1970) has stated that successful programming 

requires planning. This type of planning should increase 

the student's ability to conceptually represent problems 

in appropriate computer methodologies. The planning 

skills necessary for the development of effective and 

efficient computer programs along with the immediate 

feedback provided by the computer system should serve as 

a powerful tool in shaping higher order thinking skills. 

Computer programming, therefore, should facilitate 

concept representation of problem situations in any 

domain. 

This notion has been amplified by Dalbey and Linn 

(1985) who propose structuring programming-language 

instruction in order to facilitate possible problem-

solving transfer. Programming instruction must go beyond 
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the declarative knowledge features of the programming 

languages, which tend to deal solely with the functions 

of specific programming commands. Effective instruction 

needs also to focus on the procedural knowledge features 

of programming, which can be seen as more cognitively 

demanding. Dalbey and Linn state that these more 

cognitively demanding skills can be most efficiently 

employed in the operations of initial and on-going 

program planning, followed by the debugging of existing 

program code. 

Research on Problem-Solving Transfer 

Many researchers have attempted to investigate the 

relationship between learning a programming language and 

increased problem-solving skills. The results of this 

research have been less than conclusive, regardless of 

the language used. Yet, as mentioned earlier, several 

educational computing researchers have pointed to factors 

related to the potential transfer of problem-solving 

skills from the computer programming domain to other 

domains. While problem-solving transfer to general 

problem-solving domains is difficult to achieve given the 

brief exposure to programming language instruction 

typical in programming language versus problem-solving 

research, findings indicate that transfer of specific 

problem-solving skills can occur under certain conditions 
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(Palumbo & Reed, 1987/88; Palumbo & Reed, 1990, February; 

Reed & Palumbo, 1987/88). 

For example, the relationship between programming 

language instruction and perceptual language skills in 

language-impaired preschool children has been researched 

by Lehrer and DeBernard (1987). They found that Logo 

programming experience increases students' perceptual 

language skills when compared to language skills computer 

software or traditional instruction. This research 

addresses a specific skill and, thus, the extent to which 

programming instruction allows specific transfer of 

training from the programming environment the students' 

specific perceptual language skills. 

Gorman and Bourne (1983) exposed third-grade 

students to one of three different experimental 

conditions. One group received extensive programming 

experience in the Logo programming language. A second 

group received significantly less Logo programming 

experience. The third group received no Logo programming 

experience. Each group of students was presented with a 

rule-learning task in which they were presented with a 

series of cards displaying a variety of figures differing 

in attributes of size, shape, color and number. The 

students were then informed of which attributes or 

combination of attributes to attend to and asked to 

determine the rule governing the selection of appropriate 
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cards as either conjunctive, disjunctive, conditional, or 

biconditional. The students with extensive Logo 

programming experience performed significantly better on 

these tasks than did the group with some prograrmning 

experience and the group with no programming experience. 

The group with some programming experience also performed 

better on the task than the group with no programming 

experience. This is an example of significant transfer 

of distant and specific problem-solving skills to another 

problem situation. 

With specific instruction involving transfer of 

skills, Clement, Kurland, Mawby, Pea (1986) have found 

that students were able to determine analogies between 

Logo programming problems and new problem situations that 

were similar to problems previously encountered in 

programming instruction. The type of transfer can be 

seen as specific transfer from one problem situation to 

another situation involving similar skills. 

Research that has specifically addressed thinking 

skills that closely parallel the programming environment 

has yielded the most conclusive results. For example, 

Mayer, Dyck, and Vilberg (1989) found that college 

students enrolled in an introductory BASIC programming 

course showed significant increases in the specific 

skills of translation and comprehension, but no 

difference in measures of general ability. Also, Reed 
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and Palumbo (1987/88), Palumbo (1990, January), and 

Palumbo and Reed (1990, February) found that college 

students enrolled in a BASIC programming course showed 

significant increases in specific problem-solving skills 

such as analysis of relevant and irrelevant information, 

analysis of attributes, deduction, and interpretation. 

Likewise, Soloway, Lockhead, and Clement (1982) found 

that BASIC programming enhanced performance on specific 

algebra word problems. 

Programming language instruction has been shown to 

increase a variety of specific problem-solving skills. 

Swan and Black (1987) have shown a significant increase 

in performance on subgoal formation, forward chaining, 

backward chaining, systematic trial and error, 

alternative representations, and analogy. They go on to 

state that "these findings provide evidence that problem-

solving skills can be acquired in, and transferred from, 

Logo environments, with the context of the particular 

pedagogy we employed" (p. 23). The pedagogy referred to 

focused on the systematic instruction in particular and 

well-defined aspects of problem-solving skills, direct 

instruction in the programming language, the teaching of 

both the declarative and procedural aspects of 

programming, and a mediated learning approach where the 

students were prompted to use productive thinking in 

order to solve the programming problems. 
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Clement and Gullo (1984) have shown that six-year-

old children instructed in the Logo programming language 

showed no significant difference in general measures of 

cognitive ability from a control group exposed to CAI. 

This study showed the difficulty in achieving distant and 

general transfer of problem-solving skills. However, the 

children exposed to the Logo instruction did show 

significant increases in the specific transfer of 

reflectivity and divergent thinking skills. 

Fifth-grade students exposed to 25 hours of Logo 

instruction showed significantly higher performance on a 

map test that was developed to contain obvious 

similarities to the Logo instructional environment 

(Littlefield, Delclos, Lever, Clayton, Bransford, & 

Franks, 1988). However, there was no significant 

difference between the programming and control group on 

the more general problem-solving instruments used. 

Summary 

In summary, this literature review has addressed 

several key issues in the research on the potential 

relationship between programming language instruction and 

problem-solving. The purpose of our educational system 

seems to focus on developing both a strong declarative 

knowledge base as well as strategic procedural knowledge 

to implement the declarative knowledge in a variety of 



39 

problem situations. The computer has been praised as the 

technology that will effectively shape both the 

declarative and procedural knowledge needed to establish 

good problem solvers. However, research supporting this 

claim has been slow to materialize. 

Several reasons for the lack of significant findings 

on the proposed relationship between programming language 

instruction and problem-solving skills are evident. Many 

studies have not been sufficiently grounded in problem-

solving theory. This review focuses on cognitive 

psychology as the appropriate theoretical framework for 

research relating programming language instruction and 

problem-solving skills. 

The question of expertise and transfer of training 

is also addressed. While it does not seem possible to 

achieve expertise in programming after a semester or even 

a year of programming exposure, this does not limit the 

possibility of some type of problem-solving transfer. 

A starting point in establishing the relationship 

between programming language instruction and transfer of 

training should focus on the specific transfer of those 

skills acquired in the programming environment to other 

problem-solving environments. After this relationship is 

established, then longer, more intense exposure should be 

provided to investigate whether generalized transfer will 

occur. 



40 

Selecting an appropriate sample is another important 

issue when addressing the development of high level 

thinking skills such as problem-solving. The use of 

young children in programming language/problem-solving 

research is questionable since they may not have the 

prerequisite cognitive skills necessary to learn the 

language or to begin to demonstrate the transfer of 

progranuning skills to other problem-solving domains 

(subjects are mostly in the concrete operational stage 

rather than the formal operational stage in terms of 

Piaget's developmental stages). 



CHAPTER III 

METHODOLOGY 

Subjects 

Subjects were students who enrolled in regular 1990 

fall semester courses (15 weeks) at Texas Tech 

University. 

Two groups, one group enrolled in a formal Pascal 

programming language course (n = 18 students) and another 

group enrolled in a formal FORTRAN progranuning language 

course (n = 19 students), served as the experimental 

group. Students enrolled in more than one programming 

language course were excluded from the study. Both 

Pascal and FORTRAN programming language courses are 

available through the Texas Tech computer science 

department for non-computer science major students 

(generally these courses attract a variety of students 

from freshmen to graduate level, representing a variety 

of academic majors). Both classes were taught by the 

same instructor during the fall 1990 semester, minimizing 

the possibility of confounding resulting from an 

instructor effect. The instructor has more than five 

years experience teaching both languages in the 

department. 

A control group were selected from students who 

enrolled in a beginning keyboarding course (n = 21 

41 
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students) in the OSTA (Office Systems Technology and 

Administration) department. The course is unrelated to 

computer programming. Selected students in the control 

group were those who had little or no experience with 

computer programming language. A criterion for little or 

no experience with computer programming languages was 

based on the survey questionnaire (Appendix A). For 

example, if someone had used the computer occasionally in 

the past, but had only done a little programming, he/she 

was considered as a student with little or no experience 

with computer programming languages. 

Burton and Magliaro (1987/88) have criticized the 

choice of subjects in many programming studies since the 

subjects have been young children who are either at the 

concrete operational stage or close to the formal 

operational stage and thus possibly incapable of learning 

any prograrrmiing language beyond rote memorization and 

fairly simplistic command combinations. Since the 

subjects in this study consisted of undergraduate and 

graduate students, such a concern was eliminated. 

Demographic information, such as sex, identification 

number, race, age, major, classification, GPA, and 

computer experience was collected using the instrument in 

Appendix A. 
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Pascal experimental subjects 

Of the 18 subjects in this experimental group, 14 

were male and 4 were female. Within this group were 2 

Black students, 1 Oriental student, and 15 Anglo 

students. Their ages ranged from 19 to 37 with an 

average age of 23.2 years and a standard deviation of 

4.25 years. 

FORTRAN experimental subjects 

Of the 19 subjects in this experimental group, 17 

were male and 2 were female. Within this group were 1 

Black student, 2 Hispanic students, 2 Oriental students, 

and 14 Anglo students. Their ages ranged from 18 to 37 

with an average age of 22.7 years and a standard 

deviation of 5.16 years. 

Control subjects 

Of the 21 subjects in this group, 11 were male and 

10 were female. Within this group were 3 Black students, 

1 Hispanic student, 1 Oriental student, and 16 Anglo 

students. The age range was from 18 to 24 with an 

average of 20.4 years and a standard deviation age of 

1.89 years. 
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Instruments 

In designing their study on the effects of BASIC on 

problem-solving skills. Reed and Palumbo (1987/88) 

reviewed well-established problem-solving instruments and 

chose two sections from the Ross Test of Higher Cognitive 

Processes (Analysis of Relevant and Irrelevant 

Information and Analysis of Attributes) and two sections 

from the Watson-Glaser Critical Thinking Appraisal 

(Deduction and Interpretation). The four sections 

comprise a 61-item instrument. 

Ross Test of Higher Cognitive Processes 

The validity and reliability information given for 

the Ross Test is based on the 1976 edition of the Ross 

Test Manual. Reliability procedures were performed for 

the Ross Test utilizing test-retest and split-half 

procedures. The resulting reliability coefficient for 

the total test score was .94, significant at well beyond 

the .001 level of confidence. The resulting split-half 

reliability coefficient was .92, significant at better 

than the .001 level of confidence. Validity indices have 

been computed for all of the 105 items and all of them 

show .20 or more validity indices. As a general rule, 

items with validity indices of .20 or more are regarded 

as satisfactory (Ross & Ross, 1976). Following are 
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descriptions and examples of the two sections from the 

Ross Test of Higher Cognitive Processes. 

Analysis of Relevant and Irrelevant Information: 

This section consists of 14 mathematical problems 

which may or may not contain sufficient information 

to be solved, or which may contain irrelevant and 

extraneous information not essential to solution of 

the problem. This section measures a student's 

ability to analyze data and identify critical 

information or the lack of same. 

Example: A horse weighs twice as much as a sheep. 
A sheep weighs three times as much as a goat. Their 
total weight is 1500 pounds. How much does each 
animal weigh? (B) 

A. cannot be solved; not enough information 
given. 

B. can be solved; exactly enough information 
given. 

C. can be solved; extra and unnecessary 
information given. 

Analysis of Attributes: 

This section presents groups of similar figures 

which have a variety of features, or attributes. 

The 10 items in this section measure a student's 

ability to: 

1. Analyze figures; 

2. Determine critical elements within the 

figures; 
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3. Formulate a hypothesis as to which 

attributes are necessary for set membership; 

and 

4. Use this hypothesis in a decision-making 

process of identifying set members from a group 

of new figures. 

Example: These are Fergs. Look at them carefully. 

These are not Fergs. 
from the Fergs. 

Decide how they are different 

Are any of these Fergs? 

A. 
*B. 

Is a Ferg 
Is not a Ferg 

*A. Is a Ferg 
B. Is not a Ferg 

Watson-Glaser Critical Thinking Appraisal 

The reliability information given for the Watson-

Glaser Critical Thinking Appraisal is based on the 1980 

edition of the Watson-Glaser Critical Thinking Appraisal 

Manual (Watson & Glaser, 1980). Reliability of the 

Critical Thinking Appraisal (CTA) was assessed in several 
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ways. Estimates were made of: (a) the test's internal 

consistency, (b) the stability of test scores over time, 

and (c) the correlation between scores on alternate 

forms. 

(a) The degree of internal consistency in the CTA 

was measured by calculating split-half reliability 

coefficients. The split-half reliability 

coefficients were calculated for ten of the CTA norm 

groups. Samples were chosen for reliability studies 

so that at least one representative from each of the 

kinds of groups used for norming might be included. 

The coefficients range from .69 to .85. 

(b) The stability of responses to the CTA over time 

was assessed by administering it twice to a group of 

college students (N = 96), with an interval of three 

months between testing periods. The means and 

standard deviations obtained were virtually 

identical for the first testing period (Mean = 57.4; 

SD = 8.1) and the second testing period (Mean = 

56.8; SD = 8.4). The correlation between responses 

at the two time periods was .73, reflecting 

reasonable stability of the measure over time. 

(c) Alternate-form reliability was calculated by 

correlating responses of subjects who took both 

Forms A and B of the CTA. For a group of twelfth 

grade students (N = 228), the correlation of 
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responses to Form A and those to Form B was .75. The 

means and standard deviations obtained were 

equivalent for Form A (Mean =46.8; SD = 9.8) and 

Form B (Mean = 46.6; SD = 9.3). 

The reliability estimates reported here are 

consistent with those observed for total test scores of 

the CTA, forms Ym and Zm. They are sufficiently high to 

warrant use of the CTA in group administration and 

research studies. The specific validity information for 

Watson-Glaser Critical Thinking Appraisal was not given 

in the manual. The authors state that the validity of a 

test is not an attribute that can be described by a 

single study or an isolated correlation coefficient. 

Following are descriptions and examples of items from the 

two sections from Watson-Glaser Critical Thinking 

Appraisal. 

Deduction: 

Determining whether certain conclusions necessarily 

follow from information in given statements or 

premises. This section consists of 16 problems. 

Example: Some holidays are rainy. All rainy days 
are boring. Therefore--

1. No clear days are boring. (The conclusion does 
not follow. You cannot tell from the statements 
whether or not clear days are boring. Some may be.) 

2. Some holidays are boring. (The conclusion 
necessarily follows from the statements since, 
according to them, the rainy holidays must be 
boring.) 
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3. Some holidays are not boring. (The conclusion 
does not follow, even though you may know that some 
holidays are very pleasant.) 

Interpretation: 

Weighing evidence and deciding if generalizations or 

conclusions based on the given data are warranted. 

This section consists of 16 problems. 

Example: A study of vocabulary growth in children 
from eight months to six years old shows that the 
size of spoken vocabulary increases from zero words 
at age eight months to 2562 words at age six years. 

1. None of the children in this study had learned to 
talk by the age of six months. (The conclusion 
follows beyond a reasonable doubt since, according 
to the statement, the size of the spoken vocabulary 
at eight months was zero words.) 

2. Vocabulary growth is slowest during the period 
when children are learning to walk. (The conclusion 
does not follow since there is no information given 
that relates growth of vocabulary to walking.) 

It is felt that above instrument, as adapted by Reed 

and Palumbo (1987/88), is related to some of the kinds of 

problem-solving activities specifically involved when 

people learn to program. Reed and Palumbo assert that 

these instruments should measure any changes in 

programming-related, problem-solving skills. Several 

researchers (Reed, Palumbo, & Stolar, 1987/88; Palumbo, 

1990, January; Palumbo & Reed, 1990, February) have used 

this problem-solving instrument since its development. 

This researcher also feels that the Analysis of Relevant 

and Irrelevant Information, Analysis of Attributes, 
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Deduction, and Interpretation components appropriately 

reflect some of the elements of problem-solving theory. 

For that reason, the researcher utilized these 

instruments to measure problem-solving ability. 

Variables 

The independent variables were the treatment 

conditions (Pascal or FORTRAN programming language 

instruction). The pretest score on the problem-solving 

instrument served as the covariate in the study. 

Performance measurements (content knowledge of either the 

Pascal or FORTRAN programming language) also served as an 

independent variable in this study for investigating the 

relationship between problem-solving ability and mastery 

of the programming language. The performance 

measurements were the final course grades, which are 

based on the results of examinations and programming 

assignments developed by the instructor. The dependent 

variable was the problem-solving posttest score, which 

was the number of correct responses on the instrument. 

Treatment and Design 

A demographic and computer programming-experience 

questionnaire (Appendix A) was administered to all 

subjects (N = 58 students) by the researcher during the 

first class meeting of the semester. Ten minutes were 
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allotted for the questionnaire. The problem-solving test 

(comprised of the 61 items from the Analysis of Relevant 

and Irrelevant Information, Analysis of Attributes, 

Deduction, and Interpretation components) was also 

administered as a pretest to all subjects by the 

researcher during the first lab meeting. The students 

were given fifty minutes to complete the problem-solving 

test. Students in experimental groups then received 

instruction in either the VAX Pascal programming language 

or the VAX FORTRAN 7 7 programming language. Control 

group students also then received instruction in the 

beginning keyboarding course. Each fifteen-week 

treatment (Appendix B for Pascal curriculum and Appendix 

C for FORTRAN curriculum) for the programming languages 

involved more than 40 in-class hours, plus at least 60 

more hours of out-of-class programming assignments for a 

minimum total of 100 hours. According to Reed, Palumbo, 

and Stolar (1987/88), nine weeks, or approximately 81 

hours, is adequate for a computer programming class in 

terms of length of treatment. All Pascal and FORTRAN 

programming students had their own VAX account during the 

semester so that they could access the VAX computer from 

anywhere as frequently as possible (the VAX terminals in 

the school operate 16 hours a day but if a student has a 

personal computer with a modem, he/she can access the VAX 

computer 24 hours a day). In order to get relatively 
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precise data for each student's out-of-class computer 

access time per week, the researcher interviewed every 

student to obtain a self report of computer access time. 

The researcher collected these average out-of-class 

computer access time reports at three points during the 

study: week 4, week 9, and week 12 (Appendix D). 

All subjects took the same problem-solving 

instrument as a posttest during the last week of the 

instruction during the semester (again with a 50-minute 

time limit). This posttest was also administered by the 

researcher. 

The treatment for the Pascal experimental group was 

Pascal programming instruction for a total of 41 class 

periods during the fifteen-week 1990 fall semester 

(Appendix B for Pascal curriculum). Treatment for the 

FORTRAN experimental group was FORTRAN programming 

instruction for the same class periods as those of Pascal 

programming group (Appendix C for FORTRAN curriculum). 

Treatment for the control group was beginning keyboarding 

instruction. 

At the conclusion of the treatment period, the pre-

and posttests were scored and analyzed using analysis of 

covariance (ANCOVA), using pretest scores as the 

covariate, since the experimental design could not be 

completely randomized. Equivalence of the three groups 

was evaluated by comparison of demographic data available 
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on each student, plus comparison of scores on the 

problem-solving pretest administered to all students at 

the beginning of the class. The groups did not 

significantly differ in their initial problem-solving 

ability. However, any pretest differences were 

partialled out with the ANCOVA (Glass & Hopkins, 1984). 

An alpha level of .05 was used to determine if an 

hypothesis was to be rejected. 

One of the most frequently used experimental designs 

in educational research involves an experimental group 

and a control group which are both given a pretest and 

posttest and in which the groups do not have pre-

experimental sampling equivalence. This quasi-

experimental design, the nonequivalent control group 

design as described by Cook and Campbell (1979), was used 

in this study. 

Programming Curriculum 

The ideational rigor of the instruction is perhaps 

best determined by the degree to which instruction in 

either language parallels the three characteristics of 

structured programming, as explained by Lockard 

(1985/86): (a) top-down design (devising a program by 

identifying the primary tasks, then the subtasks 

essential to the achievement of each primary task, and so 

on, until a minimal level of complexity is reached), (b) 
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modularity (each identifiable function or procedure), and 

(c) limited logical constructs (the use of conditionals 

and presence of iteration capability). Since the 

philosophy of the computer science department and of the 

instructor of the both languages in teaching computer 

programming is to have all students understand the above 

mentioned properties of structured programming and 

utilize these characteristics in the students' thought 

processes to solve everyday problems (E. Davis, personal 

communication, July 30, 1990), the instruction for both 

the Pascal and FORTRAN programming language classes 

closely paralleled these characteristics. The 

researcher, however, also collected all programming 

examinations and assignments (see sample exams and 

assignments in Appendix E for Pascal and Appendix F for 

FORTRAN) given by the instructor and attended both 

classes frequently to further assess the degree of 

ideational rigor of the instruction. Following are 

descriptions of both the Pascal and FORTRAN programming 

language curriculum (Appendix B for Pascal and Appendix C 

for FORTRAN) used in this study. 

Pascal curriculum 

The Pascal curriculum included the following major 

concepts: (1) problem-solving and syntax/semantics in 

Pascal programs, (2) top-down design methodology, (3) 
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control structures (looping, selection, and sequence), 

(4) parameters in PROCEDURE and FUNCTION, (5) data types, 

data structures, and arrays, and (6) records. The 

students were given exercises at the end of each chapter 

to reinforce the chapter topics. The instructor's 

approach closely paralleled the problem-solving theory 

described above. The instructor sought to initially 

develop a strong base in the specific facts, concepts, 

and principles (declarative knowledge) necessary to 

effectively write programs using the Pascal language. 

Once this specific knowledge base was established, the 

students were given the opportunity, through programming 

assignments and examinations, to develop programs to 

solve specific programming problems. Solving the problems 

presented required use of not only the specific knowledge 

base but also strategic methods (procedural knowledge), 

as students linked program commands together to form an 

efficiently coded program. There were five major 

programming assignments and four major examinations. 

Prior to each exam, students were given a take home exam. 

Each week students were also given a lab programming 

exercise to complete which emphasized topics covered in 

lecture. 
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FORTRAN curriculum 

The FORTRAN curriculum included the following major 

concepts: (1) syntax/semantics in FORTRAN programs, (2) 

design of structured programs with FORTRAN, (3) 

input/output specifications, (4) control structures, (5) 

modular design and subprograms, (6) arrays, and (7) data 

and file manipulation. Since the instructor taught both 

the Pascal and FORTRAN programming languages, the 

instructor's teaching approach was the same as in the 

Pascal programming language instruction. There were four 

major programming assignments and four major 

examinations. As in the Pascal class, the students were 

given a take home exam before they took an exam. The 

students were also given homework exercises at the end of 

each chapter to reinforce the chapter topics. Each week, 

the students were also given a lab programming exercise 

to complete which emphasized topics covered in the 

lecture. 

Data Analysis 

Specific analysis techniques and model statements 

for each hypothesis are as follows: 

Hypothesis 1; There is no significant difference 

between students in the Pascal programming group, 

students in the FORTRAN programming group, and students 
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in the control group on a posttest measuring problem-

solving ability. 

Analysis: One way analysis of covariance 

Model; PST = BO + B1*X1 + B2*X2 + B3*X3 + err 

where PST = Problem-solving posttest score 

XI = Problem-solving pretest score (cov) 

X2 = 1 if Pascal treatment 

= 0 otherwise 

X3 = 1 if FORTRAN treatment 

= 0 otherwise. 

Under this model (reduced model), the straight-

line relationship between PST and the covariate 

XI would have expectations 

No treatment: BO + B1*X1 (for control 

group) 

Pascal treatment: (BO + B2) + B1*X1 

FORTRAN treatment: (BO + B3) + B1*X1. 

Hence Bl is the common slope, and B2 and B3 are 

differences in intercepts. 

Hypothesis 2: There is no significant difference 

between students in the Pascal programming group and 

students in the FORTRAN programming group on a posttest 

measuring problem-solving ability. 

Analysis; Scheffe's Test 

Contrast: P vs F 

where P = Pascal Programming group 
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F = FORTRAN Programming group. 

Hypothesis 3: There is no significant difference 

between students in the Pascal programming group and 

students in the control group on a posttest measuring 

problem-solving ability. 

Analysis: Scheffe's Test 

Contrast: P vs C 

where C = Control group. 

Hypothesis 4: There is no significant difference 

between students in the FORTRAN programming group and 

students in the control group on a posttest measuring 

problem-solving ability. 

Analysis: Scheffe's Test 

Contrast: F vs C. 

Hypothesis 5: There is no significant difference 

between pretest scores and posttest scores on a problem-

solving ability test in the Pascal programming group. 

Analysis: Dependent t test 

Gain (in Pascal group): PST - PRE 

where PST = Problem-solving posttest score 

PRE = Problem-solving pretest score. 

Hypothesis 6: There is no significant difference 

between pretest scores and posttest scores on a problem-

solving ability test in the FORTRAN programming group. 

Analysis: Dependent t test 

Gain (in FORTRAN group): PST - PRE. 
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Hypothesis 7: There is no correlation between 

Pascal programming performance and posttest scores on a 

problem-solving ability test. 

Analysis: Pearson-Product Moment correlation 

test 

Relationship: PPM vs PST 

where PPM = Pascal performance measurement 

(final grade). 

Hypothesis 8: There is no correlation between 

FORTRAN programming performance and posttest scores on a 

problem-solving ability test. 

Analysis: Pearson-Product Moment correlation 

test 

Relationship: FPM vs PST 

where FPM = FORTRAN performance measurement 

(final grade). 

Analysis was performed using SAS: Statistical 

Analysis System (developed by SAS Institute Inc. of Cary, 

North Carolina) for the VAX. 



CHAPTER IV 

RESULTS 

The purposes of this study were (a) to determine if 

learning to program a computer in either Pascal or 

FORTRAN improves the problem-solving skills of students 

(college level), who are at the formal operational stage, 

when compared to a control group of students also at the 

formal operational stage that receives no programming 

instruction; and (b) to determine if learning to program 

a computer in Pascal is more effective than learning to 

program a computer in FORTRAN in the development of 

problem-solving abilities. More specifically, this 

research addressed the following questions: 

(1) Is there any significant difference 

between students in the Pascal programming group, 

students in the FORTRAN programming group, and 

students in the control group on a posttest 

measuring problem-solving ability? 

(2) Is there any significant difference 

between students in the Pascal programming group and 

students in the FORTRAN programming group on a 

posttest measuring problem-solving ability? 

(3) Is there any significant difference 

between students in the Pascal programming group and 

60 
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students in the control group on a posttest 

measuring problem-solving ability? 

(4) Is there any significant difference 

between students in the FORTRAN programming group 

and students in the control group on a posttest 

measuring problem-solving ability? 

(5) Is there any significant difference 

between pretest scores and posttest scores on a 

problem-solving ability test in the Pascal 

progranmiing group? 

(6) Is there any significant difference 

between pretest scores and posttest scores on a 

problem-solving ability test in the FORTRAN 

programming group? 

(7) Is there any correlation between Pascal 

programming performance and posttest scores on a 

problem-solving ability test? 

(8) Is there any correlation between FORTRAN 

programming performance and posttest scores on a 

problem-solving ability test? 

Descriptive Data 

Demographic Information 

The subjects for the study were sixty eight college 

students from regular 1990 fall semester classes at Texas 

Tech University (23 for the Pascal programming class, 21 
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for the FORTRAN programming class, and 24 for the 

Beginning Keyboarding class). Since the investigation 

was related to the effects of Pascal and FORTRAN 

progranuning instruction on problem-solving ability, the 

subjects were questioned about their computer experience. 

Of the 68 subjects, 4 subjects reported themselves as 

computer experienced people, 4 subjects withdrew from the 

regular classes, and 2 subjects did not complete the 

final problem-solving test. The rest of the 58 subjects 

were selected since they reported themselves as computer 

novices on the questionnaire (Appendix A). Of the 58 

students, 42 were male and 16 were female. Their ages 

ranged from 18 to 37 years with a mean age of 22. There 

were 45 Anglos, 6 Blacks, 4 Orientals, and 3 Hispanics. 

These 58 students comprised three intact classes: (1) 

Pascal experimental (n = 18), (2) FORTRAN experimental (n 

=19), and (3) Control (n = 21). There were eight 

categories of majors in all three groups. The FORTRAN 

group was comprised of all quantitative majors (Science 

and Engineering). The Pascal and Control groups were 

comprised of both quantitative and non-quantitative 

majors. Table 1 presents the demographic information for 

each group. 
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TABLE 1 

Demographic Information for Each Group 

Sex 

Male 
Female 

Age 

18-23 
24-29 
Over 2 9 

Ethnic 

Anglo 
Black 
Hispanic 
Oriental 

Classification 

Freshman 
Sophomore 
Junior 
Senior 
Graduate 

Major 

Science 
Business 
Engineering 
Art 
Home Economics 
Nursing 
Education 
Architecture 
Undecided 

Pascal 
(n = 18) 

14 
4 

14 
3 
1 

15 
2 
0 
1 

1 
3 
5 
6 
3 

6 
4 
2 
4 
2 
0 
0 
0 
0 

(77.8%) 
(22.2%) 

(77.8%) 
(16.7%) 
( 5.5%) 

(83.4%) 
(11.1%) 
( 0.0%) 
( 5.5%) 

( 5.5%) 
(16.7%) 
(27.8%) 
(33.3%) 
(16.7%) 

(33.3%) 
(22.2%) 
(11.1%) 
(22.2%) 
(11.1%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 

FORTRAN 
(n 

17 
2 

14 
3 
2 

14 
1 
2 
2 

5 
3 
1 
7 
3 

10 
0 
9 
0 
0 
0 
0 
0 
0 

I = 19) 

(89.5%) 
(10.5%) 

(73.7%) 
(15.8%) 
(10.5%) 

(73.7%) 
( 5.3%) 
(10.5%) 
(10.5%) 

(26.3%) 
(15.8%) 
( 5.3%) 
(36.7%) 
(15.8%) 

(52.6%) 
( 0.0%) 
(47.4%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 
( 0.0%) 

Control 
(n 

11 
10 

20 
1 
0 

16 
3 
1 
1 

4 
7 
8 
2 
0 

5 
4 
0 
6 
1 
1 
1 
1 
2 

I = 21) 

(52.4%) 
(47.6%) 

(95.2%) 
( 4.8%) 
( 0.0%) 

(76.2%) 
(14.2%) 
( 4.8%) 
( 4.8%) 

(19.0%) 
(33.3%) 
(38.1%) 
( 9.5%) 
( 0.0%) 

(23.8%) 
(19.0%) 
( 0.0%) 
(28.6%) 
( 4.8%) 
( 4.8%) 
( 4.8%) 
( 4.8%) 
( 9.5%) 
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Problem-Solving Pretest 

Both the experimental and control groups were 

pretested with the 61-item problem-solving instrument 

(two sections from the Ross Test of Higher Cognitive 

Processes and two sections from the Watson-Glaser 

Critical Thinking Appraisal) which includes the following 

sections: Analysis of Relevant and Irrelevant 

Information, Analysis of Attributes, Deduction, and 

Interpretation. Table 2 presents the analysis of 

variance for the pretest and the comparison of initial 

problem-solving ability between the three groups. 

Results of the ANOVA for the pretest indicate that a 

significant difference between three groups was not found 

in problem-solving skills at the alpha level of .05 (F(2, 

55) = 2.71, £ = .075). In other words, these three 

groups may be considered to be equivalent in problem-

solving ability based on their pretest scores. However, 

some statisticians consider the p-value of .075 as 

approaching significance for a statistical test (W. Lan, 

personal conununication, March 18, 1991). Figure 1 shows 

the graphical comparison of initial problem-solving 

skills between three groups. 

Treatments 

The fifteen-week treatment for each programming 

language involved 41 in-class hours, plus at least 68 
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TABLE 2 

Analysis of Variance for the Pretest 

Source 

Model 

Error 

Total 

DF 

2 

55 

57 

Sum of 
Squares 

265.40 

2692.32 

2957.72 

Mean 
Square 

132.70 

48.95 

F Val 

2.71 0.075 

Pretest Mean Score Comparison 

GROUP n Mean SD Median Ql Q3 

CONTROL 

FORTRAN 

PASCAL 

21 

19 

18 

41.43 

46.53 

44.56 

8.25 40.0 37 46 

5.56 45.0 42 50 

6.75 43.5 40 49 

Note. Ql = Quartile 1 
Q3 = Quartile 3 
Maximum score = 61. 
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Var. = SCORE 
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I 
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I 
I 

CONTROL FORTRAN PASCAL 

Figure 1. Graphical Comparison of Pretest Scores between 
three groups. 

Note. + + 
+ 

* * 

Quartile 
Mean 
Median 
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more hours of out-of-class programming activities for a 

minimum total of 109 hours (109 hours for the Pascal 

group and 121 hours for the FORTRAN group). Out-of-class 

computer access time reports were collected three times: 

week 4, week 9, and week 12 (Sample in Appendix D, 

results in Table 3 for Pascal and Table 4 for FORTRAN). 

According to Reed, Palumbo, and Stolar (1987/88), nine 

weeks, or approximately 81 hours, are adequate for a 

computer programming class in terms of length of 

treatment for improving problem-solving ability. Hence 

this 15-week, approximately 110 hour, treatment satisfies 

the length of treatment indicated by previous research. 

Programming Performance 

The programming performance measurements were the 

final course grades, which were based on the results of 

examinations and programming assignments developed by the 

instructor (Appendix E for sample Pascal examinations and 

programming assignments, and Appendix F for sample 

FORTRAN examinations and programming assignments). Table 

5 shows the final grade of each student for each 

programming group. The final grades were converted to 12 

numeric values, ranging from 1 for D- to 12 for A+ 

(equivalent to a likert scale) to compute the average 

grade of each programming group. The numeric values of 

the final grades were also used for the correlation 
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TABLE 3 

Student Out-of-class Pascal Computer Access Time 

Pascal Group 

n 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 

Week 4 

1-2/w 
1-2/d 
1-2/w 
2-3/w 
2-3/w 

3-4/w 
1-2/w 
2-3/w 
1-2/w 
<l/w 

2-3/w 
1-2/w 
2-3/w 
1-2/w 
4-5/w 

1-2/d 
1-2/d 
1-2/w 

(n = 18) 

Week 9 

3-4/w 
1-2/d 
4-5/w 
1-2/d 
4-5/w 

>5/w 
3-4/w 
2-3/w 
4-5/w 
2-3/w 

>5/w 
1-2/w 
1-2/d 
2-3/w 
>5/w 

2-3/d 
1-2/d 
3-4/w 

Week 12 

4-5/w 
1-2/d 
>5/w 

2-3/d 
1-2/d 

2-3/d 
>5/w 
1-2/d 
2-3/d 
1-2/d 

>5/w 
2-3/w 
1-2/d 
4-5/w 
>5/w 

>3/d 
1-2/d 
4-5/w 

Avg ./wk 
(minimum) 

2.7 
6.0 
3.4 
6.7 
4.0 

6.7 
3.0 
3.4 
5.7 
2.7 

4.0 
1.4 
4.7 
2.4 
4.7 

12.0 
6.0 
2.7 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 

Total Access 
(15 

40.5 
90.0 
51.0 
100.5 
60.0 

100.5 
45.0 
51.0 
85.5 
40.5 

60.0 
21.0 
70.5 
36.0 
70.5 

180.0 
90.0 
40.5 

X Avg.) 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 

Grand Total = 1233.0 hours 

Average Total Access Time / Student = 68.5 hours 
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TABLE 4 

Student Out-of-class FORTRAN Computer Access Time 

FORTRAN Group 

n 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 

Week 4 

<l/w 
1-2/d 
1-2/d 
3-4/w 
1-2/w 

1-2/d 
2-3/w 
1-2/w 
4-5/w 
4-5/w 

1-2/d 
1-2/w 
1-2/w 
>3/d 
<l/w 

1-2/d 
1-2/w 
<l/w 
<l/w 

(n = 19) 

Week 9 

>5/w 
1-2/d 
4-5/w 
1-2/d 
1-2/w 

2-3/w 
1-2/d 
2-3/w 
>5/w 

4-5/w 

1-2/d 
2-3/w 
1-2/d 
1-2/d 
1-2/d 

1-2/d 
>5/w 
>3/d 
1-2/d 

Week 12 

2-3/d 
1-2/d 
1-2/w 
1-2/d 
3-4/w 

1-2/d 
2-3/d 
1-2/d 
>5/w 
>5/w 

2-3/d 
2-3/d 
1-2/d 
1-2/d 
1-2/d 

4-5/w 
1-2/d 
1-2/d 
2-3/d 

Avg. ,/wk 
(minimum) 

5.7 
6.0 
5.4 
5.0 
1.7 

4.7 
6.7 
3.0 
4.7 
4.4 

8.0 
5.0 
4.4 
10.0 
4.0 

5.4 
4.0 
8.0 
6.0 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 
hrs 
hrs 

hrs 
hrs 
hrs 
hrs 

Tota] 
(15 

85.5 
90.0 
81.0 
75.0 
25.5 

70.5 
100.5 
45.0 
70.5 
66.0 

120.0 
75.0 
66.0 
150.0 
60.0 

81.0 
60.0 
120.0 
90.0 

. Access 
X Avg.) 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 
hours 
hours 

hours 
hours 
hours 
hours 

Grand Total = 1531.5 hours 

Average Total Access Time / Student =80.6 hours 
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Final Grade Information for Programming Groups 
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A+ 
A 
A-
B+ 
B 
B-
C+ 
C 
c-
D+ 
D 
D-

Pascal 
(n = 18) 

II 
I 
III 
I 
II 
I 
I 
I 
I 
II 
I 
II 

INCOMPLETE 

Total 

_ 

= 

= 
= 

= 

= 

= 

= 
= 

= 

= 

= 

= 

= 

2 
1 
3 
1 
2 
1 
1 
1 
1 
2 
1 
2 
0 

18 

A+ 
A 
A-
B+ 
B 
B-
C+ 
C 
c-
D+ 
D 
D-

FORTRAN 
(n = 19) 

II 
I 
II 
m i l 
II 
III 

I 
II 

INCOMPLETE 

Total 

= 
= 
= 

= 
= 
= 

= 
= 

= 
= 

= 
= 

= 

= 

2 
1 
2 
5 
2 
3 
0 
1 
2 
0 
0 
0 
1 

19 

Note. Pascal Grade Average 
FORTRAN Grade Average 

- B- ( 6.78) 
= B ( 8.33) 

For statistical analysis letter grades were 
converted to numeric values ranging from 1 (D-) 
12 (A+). 

to 
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statistic calculated to investigate the relationship 

between programming performance and posttest scores on 

the problem-solving ability test. 

Hypothesis Testing 

Eighteen students who enrolled in Pascal programming 

course and 19 students who enrolled in FORTRAN 

programming course at Texas Tech Computer Science 

department, for a total of 37 students, participated in 

this study as experimental groups. Students (n = 21) who 

enrolled in a beginning keyboarding course in the Texas 

Tech OSTA department also participated in this study as a 

control group. 

The independent variables were the treatment 

conditions (Pascal or FORTRAN programming language 

instruction). The pretest score on the problem-solving 

instrument served as the covariate in the study. 

Performance measurements (content knowledge of either the 

Pascal or FORTRAN programming language) also served as an 

independent variable in this study for investigating the 

relationship between problem-solving ability and mastery 

of the programming language. The performance 

measurements were the final course grades, which are 

based on the results of examinations and programming 

assignments developed by the instructor. The dependent 
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variable was the problem-solving posttest score, which 

was the number of correct responses on the instrument. 

First, one way analysis of covariance was conducted 

to test hypothesis 1 (whether any differences existed 

between the three groups on the posttest of problem-

solving abilities). This procedure was chosen to partial 

out the pretest difference resulting from the use of 

intact classes and the limitation that random assignment 

was not possible. 

Hypotheses 2, 3, and 4 were tested using Scheffe's 

mean difference test as post-hoc analyses since the 

overall F statistic in hypothesis 1 showed significant 

differences in problem-solving ability of the three 

groups. 

A dependent t-test was conducted to measure pretest-

posttest differences for the Pascal group in order to 

determine if there were statistically significant gains 

in problem-solving scores (Hypothesis 5). Likewise, 

another dependent t-test was conducted to measure 

pretest-posttest differences for the FORTRAN group to 

determine if there were statistically significant gains 

in problem-solving scores (Hypothesis 6). 

A Pearson-Product Moment correlation statistic was 

calculated to address the relationship between Pascal 

programming performance and posttest scores on the 

problem-solving ability test for hypothesis 7. Another 
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Pearson-Product Moment correlation statistic was computed 

to address the relationship between FORTRAN programming 

performance and the posttest scores on the problem-

solving ability test for hypothesis 8. 

Hypothesis 1 

Hypothesis 1 stated that there is no significant 

difference between students in the Pascal programming 

group, students in the FORTRAN programming group, and 

students in the control group on a posttest measuring 

problem-solving ability. This hypothesis was tested by 

obtaining pretest and posttest problem-solving scores and 

using Analysis of Covariance with the pretest score as a 

covariate. The results of the ANCOVA (see Table 6) 

indicate that a significant difference between adjusted 

mean posttest scores among groups was found at the .05 

level (F = 6.70, p = .0025). The adjusted posttest means 

were 46.75 for the Pascal group, 46.54 for the FORTRAN 

group, and 41.95 for the control group. Table 7 presents 

the detailed posttest mean score comparison information 

with pre-posttest and adjusted posttest mean score 

comparison among three groups. Figure 2 shows the 

graphical comparison of final problem-solving skills 

between the three groups. 
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TABLE 6 

Analysis of Covariance for the Posttest Scores 

Source 

Group 

Pretest 

Error 

Total 

DF 

2 

1 

54 

57 

Sum of 
Squares 

75.01 

1941.76 

302.12 

2318.89 

Mean 
Square 

37.51 

1941.76 

5.59 

F Value 

6.70 

347.07 

Pr > F 

0.0025 

0.0001 
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TABLE 7 

Posttest Mean Score Comparison 

GROUP 

CONTROL 

FORTRAN 

PASCAL 

n 

21 

19 

18 

Mean 

41.95 

48.63 

47.17 

SD 

7.51 

4.96 

6.30 

Median 

40.0 

48.0 

48.0 

Ql 

37 

44 

42 

Q3 

47 

52 

53 

Note. Ql = Quartile 1 
Q3 = Quartile 3 
Maximum score =61 

Pretest vs Posttest Mean Score Comparison 

GROUP Pretest Posttest 

41, 

48. 

47, 

,95 

,63 

,17 

Adjusted 
Posttest 

44. 

46. 

46. 

,19 

,54 

,75 

CONTROL 41.43 

FORTRAN 4 6.53 

PASCAL 44.56 

Note. Maximum score =61 
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Schematic Plots of Problem-Solving Posttest Score 

Var. = SCORE 

70 + 

60 + 
I I I 
I I I 
I + + + + 

5 0 + I I I I I 
+ + *__+__* *__+__* 

I I + + I I I + I I + — 
4 0 + * * I + + 

I 
3 0 + I 

I 

20 + 

GROUP CONTROL FORTRAN PASCAL 

Figure 2. Graphical Comparison of Posttest Scores 
between three groups. 

Note. +-

*-
+ 
-+ : 

* • 

Quartile 
Mean 
Median 
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Post-hoc Analyses 

Hypothesis 2 

The second hypothesis stated that there is no 

significant difference between students in the Pascal 

programming group and students in the FORTRAN programming 

group on a posttest measuring problem-solving ability. 

Since the overall F statistic in hypothesis 1 showed 

significant differences in problem-solving ability 

between the three groups, this hypothesis was tested 

using Scheffe's mean difference test. Scheffe's test 

controls the Type I experimentwise error of all 

comparisons in the test. Hence there was no cumulative 

Type I Error in testing hypothesis 2, 3, and 4. The 

results of the Scheffe's test for the hypothesis 2 

indicate no significant difference between the posttest 

scores of the Pascal programming group and the FORTRAN 

programming group on the problem-solving ability test at 

the Alpha level of .05 (see Table 8). Thus, there is no 

evidence to reject null hypothesis 2. 

Hypothesis 3 

Hypothesis 3 stated that there is no significant 

difference between students in the Pascal programming 

group and students in the control group on a posttest 

measuring problem-solving ability. As in hypothesis 2, 

this hypothesis was also tested using the Schaffe's mean 
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difference test since the overall F statistic in the 

hypothesis 1 showed significant differences in problem-

solving ability of the three groups. The results of the 

Schaffe's test for the hypothesis 3 (see Table 8) show 

that there is a significant difference between the 

posttest scores of the Pascal programming group and the 

control group on the problem-solving ability test at the 

Alpha level of .05. 

Hypothesis 4 

Hypothesis 4 stated that there is no significant 

difference between students in the FORTRAN programming 

group and the students in the control group on a posttest 

measuring problem-solving ability. As in hypotheses 2 

and 3, this hypothesis was also tested using the 

Scheffe's mean difference test since the overall F 

statistic in hypothesis 1 showed significant differences 

in problem-solving ability of the three groups. The 

results of the Scheffe's test for the hypothesis 4 (see 

Table 8) show that there is a significant difference 

between the posttest scores of the FORTRAN programming 

group and the control group on the problem-solving 

ability test at the Alpha level of .05. 
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TABLE 8 

Scheffe's Test for the Posttest Scores 

GROUP 
Comparison 

FORTRAN - Pascal 

FORTRAN - Control 

Pascal - Control 

SLCL 

-0.493 

4.794 

3.302 

DBM 

1.465 

6.679 

5.214 

SUCL 

3.423 

8.564 

7. 127 

* • • 

*** 

Note. SLCL = Simultaneous Lower Confidence Limit 
DBM = Difference Between Means 
SUCL = Simultaneous Upper Confidence Limit 
'***' indicates that comparisons are significant 

at the .05 level. 
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Hypothesis 5 

This hypothesis stated that there is no significant 

difference between pretest scores and posttest scores on 

a problem-solving ability test for subjects in the Pascal 

programming group. A dependent t-test was conducted to 

measure theposttest-pretest difference of the Pascal 

progranuning group in order to determine if there were 

statistically significant gains in the problem-solving 

scores. The results of the dependent t-test for 

hypothesis 5 (see Table 9) indicate an average gain of 

2.61 for the Pascal group between the pretest and 

posttest means, which was significant beyond the .05 

Alpha level (t(17) = 4.35, p = .0004). 

Hypothesis 6 

Hypothesis 6 stated that there is no significant 

difference between pretest scores and posttest scores on 

a problem-solving ability test for subjects in the 

FORTRAN programming group. As in hypothesis 5, the 

dependent t-test was also conducted to measure posttest-

pretest differences within the FORTRAN programming group 

in order to determine if there were statistically 

significant gains in problem-solving scores. The results 

of the dependent t-test for this hypothesis (see Table 9) 

indicate an average gain of 2.11 for the FORTRAN group 

between the pretest and posttest means, which was 
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TABLE 9 

Paired-comparison T-Tests for the Three Groups 

Analysis 

GROUP 

Pascal 

FORTRAN 

Control 

Var. : 

n 

18 

19 

21 

Di ff = = Posttest-Pretest 

Gain 
Mean 

2. 

2. 

0. 

61 

11 

52 

Standard 
Error 

0.60 

0.42 

0.68 

T 

4, 

5, 

0. 

,35 

,04 

.77 

Prob >|T| 

0. 

0. 

0. 

0004 

0001 

4490 
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significant beyond the .05 Alpha level (t(18) = 5.04, p < 

.0001) . 

Hypothesis 7 

Hypothesis 7 stated that there is no correlation 

between Pascal programming performance and posttest 

scores on a problem-solving ability test. A Pearson-

Product Moment correlation statistic was calculated to 

addressthe relationship between Pascal programming 

performance and the posttest scores on the problem-

solving ability test. Final course grades were converted 

to 12 numeric values ranging from 1 for D- to 12 for A+ 

(equivalent to a Likert scale) to compute the correlation 

statistic between progranuning performance and posttest 

scores on the problem-solving ability test. The results 

of the Pearson-Product Moment correlation test for this 

hypothesis (see Table 10) indicate that there is a 

statistically significant correlation between Pascal 

programming performance and the posttest scores on the 

problem-solving ability test beyond the .05 Alpha level 

(r = .644, 2 = .004). 

Hypothesis 8 

This final hypothesis stated that there is no 

correlation between FORTRAN programming performance and 

posttest scores on a problem-solving ability test. As in 
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TABLE 10 

Pearson Corr. between Posttest Score and Pascal Perf. 

Correlation Coefficients / Prob > IRI under Ho: Rho=0 
/ n = 18 

POST GRADE 

POST 1.00000 0.64390 
0.0000 0.0039 

Mean Comparison of Two Variables 

Variable n Mean Std Dev Minimum Maximum 

POST 

GRADE 

18 

18 

47.17 

6.78 

6.30 

3.77 

35.00 

1.00 

57.00 

12.00 
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hypothesis 7, a Pearson-Product Moment correlation 

statistic was computed to address the relationship 

between FORTRAN programming performance and the posttest 

scores on the problem-solving ability test. The grades 

were converted to 12 numeric values ranging from 1 for D-

to 12 for A+ (equivalent to a likert scale) to compute 

the correlation statistic between programming performance 

and posttest scores on the problem-solving ability test. 

Theresults of the Pearson-Product Moment correlation test 

for this hypothesis (see Table 11) indicate that there is 

a statistically significant correlation between FORTRAN 

programming performance and the posttest scores on the 

problem-solving ability test beyond the .05 Alpha level 

(r = .582, p = .011) . 
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TABLE 11 

Pearson Corr. between Posttest Score and FORTRAN Perf. 

Correlation Coefficients / Prob > |R| under Ho: Rho=0 
/ n = 18 

POST GRADE 

POST 1.00000 0.58209 
0.0000 0.0113 

Mean Comparison of Two Variables 

Variable 

POST 

GRADE 

n 

18 

18 

Mean 

48.63 

8.33 

Std D 

4.96 

2.38 

Std Dev Minimum Maximum 

4 2 . 0 0 5 8 . 0 0 

4 . 0 0 12 .00 



CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Summary of the Study 

From a review of the literature it was found that 

the relationship between programming language instruction 

and higher-order thinking skills such as problem solving 

has been extensively researched in the past several 

years. The results of the research have led to more 

questions than answers concerning a possible link between 

the two (Palumbo & Reed, 1990, February). While the lack 

of strong statistical support has led to some to abandon 

the thought that progranuning language instruction will 

improve problem-solving ability, others have raised 

serious concerns about the research designs used in these 

studies (Burton & Magliaro, 1987/88). In this study, the 

researcher has taken into account several of the concerns 

raised by Burton and Magliaro. Such concerns include (a) 

inadequate length of treatment, (b) lack of ideationally 

rigorously treatment, (c) the lack of a theoretical, 

problem-solving basis for conducting the studies, and (d) 

developmental aspects of the research participants in 

terms of Piaget's developmental stages. 

This study was planned to evaluate the effect of 

Pascal and FORTRAN programming instruction on the 

problem-solving cognitive ability of formal operational 

86 
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stage students, and some limitations were placed on the 

research design. First of all, random assignment of 

students was not permitted and intact classes had to be 

used. Second, the number of students in each class cell 

was less than desirable. Two experimental groups and one 

control group were designated (n = 58). Both the 

experimental and control groups were pretested and 

posttested with the 61-item problem-solving instrument 

(two sections from the Ross Test of Higher Cognitive 

Processes and two sections from the Watson-Glaser 

Critical Thinking Appraisal) which includes the following 

sections: Analysis of Relevant and Irrelevant 

Information, Analysis of Attributes, Deduction, and 

Interpretation. This instrument was considered to be a 

measure of the transfer of specific problem-solving 

abilities (Palumbo, 1990, January; Palumbo & Reed, 1990, 

February; Reed & Palumbo, 1987/88). 

During the first class meeting, students reported 

information concerning demographic and computer 

programming experience. Treatment for the experimental 

groups was either Pascal instruction or FORTRAN 

instruction for a total of 41 class periods during a span 

of 15 weeks, while treatment for the control group was 

the beginning keyboarding instruction. Hypothesis 1 was 

tested with an ANCOVA procedure with pretest scores 

serving as the covariate. The results of the test 
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supported alternative hypothesis 1 (Hal) against null 

hypothesis 1 (Hoi). Hypotheses 2, 3, and 4 were tested 

with post hoc analyses, using Scheffe's mean difference 

test, since Hal was supported. The results of the test 

did not support Ha2 but did support both Ha3 and Ha4. 

Hypotheses 5 and 6 were tested using dependent t-tests. 

Support for both Ha5 and Ha6 was found. Hypotheses 7 and 

8 were tested using Pearson-Product Moment correlation 

statistics. Both Ha7 and Ha8 were supported. 

Discussion of the Study 

The results of the study (Hypotheses 1, 3, and 4) 

indicate that learning to program the computer in either 

the Pascal programming language or the FORTRAN 

programming language does significantly increase problem-

solving skills in comparison to a control group that 

receives no progranuning instruction. The fact that 

problem-solving improvement occurred in programming 

groups when compared to the control group seems to 

indicate that the following features in this study were 

adequate: 

(a) Length of treatment. Students in this study 

were exposed to the language environment for fifteen 

weeks, with an approximate total treatment of 110 hours. 

According to Reed, Palumbo, and Stolar (1987/88), nine 

weeks, or approximately 81 hours, are adequate for a 
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computer programming class in terms of length of 

treatment. 

(̂ ) Ideationally rigorous treatment. The ideational 

rigor of the instruction is perhaps best determined by 

the degree to which instruction in either language 

parallels the three properties of structured programming, 

as explained by Lockard (1985/86): (a) top-down design, 

(b) modularity, and (c) limited logical constructs. 

Since the philosophy of the computer science department 

and of the instructor of both the Pascal and FORTRAN 

languages in teaching computer programming is to have all 

students understand the above mentioned properties of 

structured progranuning and utilize these characteristics 

in everyday problem-solving (E. Davis, personal 

communication, July 30, 1990), the instruction for both 

the Pascal and FORTRAN programming language closely 

paralleled these characteristics. Followings are some 

examples adapted from both the Pascal and FORTRAN 

language's final exams, which demonstrate all three 

characteristics. 

Pascal example 1. Write the output resulting from 
execution of the following program. 

PROGRAM two(INPUT, OUTPUT); 

VAR a, b, c : INTEGER; 

PROCEDURE chnum(x:INTEGER; VAR a, b:INTEGER); 

BEGIN (*chnum*) 
c := 8; 
a := a + b; 
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X := a + c; 
END; (*chnum*) 

BEGIN (*two*) 
a ;= 5 
b := 8 
c := 4 
chnum (c,b,a); 
WRITELN(a,b,c); 

END. (*two*) 

Pascal example 2. The following questions deal with 
loops. Write three loops, a WHILE, a REPEAT, and a FOR 
which will sum the integers from 1 to N. Read a value 
for N before the loop starts. Also write the necessary 
initialization statements as well. 

1) WHILE: 

2) REPEAT: 

3) FOR: 
FORTRAN example 1. State what the output of the 
following program would be. 

PROGRAM WHATT 

REAL A, B, C 

READ *, A, B, C 

CALL TWOF 

END 

REAL FUNCTION PROD(A,B,C) 
REAL A,B,C 
PROD = A * B * C 
RETURN 
END 

REAL FUNCTION SUM(A,B,C) 
SUBROUTINE TWOF (A,B,C) REAL A,B,C 
REAL A, B, C SUM = A + B + C 
PRINT *, A, B, C, PROD(A,B,C) RETURN 
PRINT *, A, B, C, SUM(A,B,C) END 
RETURN 
END 

FORTRAN example 2. Make a series from the following 
loop: 

Q = 0 

DO 25 M = 0, 1000 

Q = Q + ((-1) * * M) * (Y * * (2 *M)) 
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25 CONTINUE 

(c) Theoretical, problem-solving basis for 

conducting the studies. Both the Pascal and FORTRAN 

programming language curriculums used in this study were 

firmly grounded in problem-solving theory. Care was 

taken to initially develop a strong base in the 

declarative knowledge required to effectively write 

programs using both Pascal and FORTRAN languages. Once 

this declarative knowledge base was established, students 

were given the opportunity, through programming 

assignments and examinations, to develop programs to 

solve specific programming problems which required use of 

not only the declarative knowledge base but also 

procedural knowledge, as they linked program commands 

together to form effectively and efficiently coded both 

programs. As the treatment progressed, new commands were 

added to the declarative knowledge base. The curriculum 

continued in this manner, slowly adding to the 

declarative knowledge base and then allowing students 

sufficient time, through structured activities and 

assignments, for the procedural knowledge base to be 

equally increased. Thus, the curriculum parallels the 

ideal chain of cognitive accomplishments (as described by 

Linn and Dalbey, 1985) that are achievable through 

programming language instruction. 
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(d) Developmental aspects of the research 

participants. The subjects in this study were comprised 

of college students with sufficient cognitive 

capabilities to learn commands (declarative knowledge) 

and sequential command structures (procedural knowledge). 

These cognitive capabilities parallel the two major 

characteristics of "expert" problem solvers: having (a) a 

good command of the "linguistic" basis needed for solving 

a problem and (b) effective strategies for employing that 

basis so that a problem is solved. If the learner is 

incapable of mastering a strong linguistic base, the 

effective strategies will not be possible simply because 

there is not a factual or conceptual foundation to be 

employed in problem-solving (Hayes, 1981). 

However, contrary to those who advocate the teaching 

of structured programming languages such as Pascal or 

Logo (as opposed to unstructured programming languages 

such as FORTRAN or BASIC) for promoting problem-solving 

skills, the Pascal programming language did not appear to 

significantly enhance problem-solving skills when 

compared with FORTRAN programming language in this study 

(Hypothesis 2). This finding is not surprising since 

computer educators have established the following 

criteria for selecting progranuning languages to affect 

problem-solving skills (Lockard, 1985/86): (a) the 

language should allow a top-down approach for solving 
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problems, (b) its command structure should promote 

modularity, and (c) the language should have limited 

logical constructs. Although Pascal's procedural nature 

more automatically accommodates the criteria, the 

teaching of FORTRAN can also have a top-down design; the 

language does have modularity via subroutines and has 

limited logical constructs. Perhaps the major difference 

is that FORTRAN might be taught and/or learned in a 

haphazard manner and the programs may still work, even if 

they are poorly structured and consequently less 

efficient. Ignoring such factors as top-down design and 

modularity when teaching and/or learning Pascal will 

often result in poorly constructed programs that will not 

run. Pascal seems to force these criteria more than does 

FORTRAN. The point, however, is essentially how a 

particular language is taught, which is more of an issue 

with the teacher and how he or she structures the 

teaching than with the language. 

As significant differences were found between the 

posttest scores of the programming groups and those of 

the control group, significant gains were also found 

between the pretest means and the posttest means of the 

programming groups (Hypotheses 5 and 6). From these 

results it may justifiably be concluded that students' 

problem-solving skills in both the Pascal programming 

group and the FORTRAN programming group were improved due 
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to the programming instruction, since the students were 

all at the formal operational stage in terms of Piaget's 

developmental stages. 

Since the final grade average for the students in 

the Pascal programming group was B- and that for the 

students in the FORTRAN programming group was B, the 

researcher considered that these programming groups 

mastered the necessary course requirements for each 

programming language. The correlation between 

programming performance and posttest means of both 

programming groups do appear to be significant 

(Hypotheses 7 and 8). The results indicate that those 

students who more completely mastered either the Pascal 

programming language or the FORTRAN programming language 

also solved problems more effectively. In other words, 

those students who performed better on the programming 

performance measures also performed better on the 

problem-solving measures. These findings agree with the 

previous findings of Palumbo and Reed (1990, February). 

Although the correlation statistics for both the Pascal 

and FORTRAN progranuning groups appear to be statistically 

strong at an Alpha level of .05, the correlation between 

the posttest scores and the programming performance for 

the Pascal programming group (r = .644, p = .004) is 

higher than the correlation between them for the FORTRAN 

programming group ( r = .582, p = .011). This means that 
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the effect of programming performance (content knowledge) 

in the Pascal group accounts for almost 8% more of the 

variance of the posttest scores on the problem-solving 

instrument than those of the FORTRAN group (R Square for 

Pascal = .42, R Square for FORTRAN = .34). This result 

may be attributed to the intrinsic nature of the two 

languages. In other words, the content knowledge of the 

Pascal programming language may be more related to the 

problem-solving skills included on the posttest than that 

of the FORTRAN programming language. This, however, does 

not necessarily prove that teaching and learning to 

progranuning in Pascal is more effective for improving 

problem-solving ability than learning to program in 

FORTRAN. As indicated by the results of hypothesis 2, 

the most important element in improving students' 

problem-solving ability through programming language 

instruction is essentially how a particular language is 

taught, which is more of an issue with the teacher and 

how he or she structures the teaching than with the 

charateristics of the language itself. 

Two types of transfer, near/distant transfer and 

specific/generalized transfer, have been discussed in the 

review of literature. Dalbey and Linn (1986) provided an 

example of near transfer showing that students instructed 

in one programming language could more easily transfer 

this training, especially the components of the training 



96 

which involved very similar concepts, to a new 

programming language environment. In this study, the 

initial environment and the environment to be transferred 

to had many similar features, such as the function of 

commands and the rationale of the concepts. Hence, the 

mastery of the progranuning language itself can be 

considered as near transfer. 

An example of distant transfer would be the attempt 

to transfer the skills involved in programming to less 

similar environments, such as puzzle exercises or the 

formation of an inverse TRIBONACCI series problem. 

Although both programming problems and the formation of 

the inverse TRIBONACCI series involve the construction of 

an algorithm to effectively solve the problem, the task 

environments are very different and, thus, any transfer 

of training that would occur through programming 

instruction would be classified as distant transfer 

(Burton & Magliaro, 1987/88; Palumbo s. Reed, 1990, 

February). Following is an example of a distant transfer 

activity presented through a FORTRAN programming test 

designed by the instructor. 

Ex) Followings are "TRIBONACCI" series; 
1,1,1,3,5,9,17,31,57, Make a DO loop to generate 
the sum of the inverse the Tribonacci series given that 
T(l) = 1, T(2) = 1, and T(3) = 1 and that T(36) is as big 
as the machine will hold. 

The instrument used in this study measured four 

specific problem-solving skills: Analysis of Relevant and 
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Irrelevant Information, Analysis of Attributes, 

Deduction, and Interpretation. The following question is 

an example from a Pascal language examination presented 

by the instructor. The properties of the question are 

very similar to the problems found in the Analysis of 

Relevant and Irrelevant Information. 

Ex) Trace the values of the variables in the following 
Pascal program with its data. Show a '?' for undefined 
values. WRITE VARIABLE VALUES ONLY AFTER LINES THAT ARE 
EXECUTED. In the space at the bottom, show the output 
that the program produces. 

PROGRAM trace(INPUT, OUTPUT); 

VAR 
a, b, c, d, e : INTEGER; 

BEGIN a b o d e 
WRITELN(' YOU PLAY COMPUTER!'); 
READLN(a,b,e); 
d := a MOD b + a DIV b; 
c : = e + b * a - b ; 
READLN(a); 
IF ( a >= 0 ) OR ( b > 0 ) THEN 

a : = a * a 
ELSE 

a := a * a * a; 
WRITELN(' ANSWERS:', b, e, c, a, d); 
READLN(d,e); 
b ; = a + b - c + d - e ; 
WRITELN(' NEW b:',b); 

END. 

data: 

27 6 - 3 14 21 0 
-2 12 8 100 32 21 14 

5 5 5 5 5 5 5 
1 1 1 1 1 1 1 
0 1 2 3 4 5 6 
7 8 9 

o u t p u t : 
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After examining student performance on the problem-

solving instrument, it is evident that the treatment was 

effective in increasing specific problem-solving 

abilities. This result agrees with previous research 

(Gorman & Bourne, 1983; Palumbo, 1990, January; Palumbo & 

Reed, 1990, February; Reed, Palumbo, & Stolar, 1987/88; 

Swan & Black, 1987) conducted to investigate specific 

transfer of problem-solving skills. However, Clements 

and Gullo (1984), Ginther and Williamson (1985), and Pea 

(1984) have stated that generalized problem-solving 

transfer is difficult, if not impossible, to achieve in 

any context; and, there is no reason to assume that 

progranuning language instruction will provide contrary 

evidence. 

Conclusion 

This study tried to eliminate the four weaknesses of 

existing programming language versus problem-solving 

studies, as identified by Burton and Magliaro (1987/88): 

(a) inadequate length of treatment, (b) lack of 

ideationally rigorous treatment, (c) lack of a 

theoretical, problem-solving basis for conducting the 

studies, and (d) lack of developmental or cognitive 

capabilities of the research participants. With the 

acconunodation of the four faulty features identified by 

Burton and Magliaro, this study focused on the 
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development of problem-solving skills. By isolating such 

development, and relating it to computer programming 

performance, educational researchers can acquire a more 

valid assessment of the complex interaction between 

programming language instruction and changes in problem-

solving skill (Palumbo & Reed, 1990, February). This 

study showed that problem-solving skills of formal 

operational stage students (college students) can be 

increased through systematic exposure and interaction 

with the Pascal or FORTRAN programming languages. This 

study, like Palumbo (1990, January), Palumbo and Reed 

(1990, February), Reed and Palumbo (1987/88), and Reed, 

Palumbo, and Stolar (1987/88), does support the 

importance of designing programming language instruction 

using a problem-solving approach, in addition to locating 

a group of learners for whom developing problem-solving 

skills via a programming language is possible. 

Throughout the lifetime, we all need to develop and 

acquire problem-solving abilities since human beings 

always live with solving some types of problems, whatever 

the problems are. Better designed instruction and better 

designed studies may be needed to support the findings of 

this study which indicate that learning programming 

languages can assist and enhance problem-solving skills 

development. 
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Suggestions for Further Research 

In light of the results of this study, the following 

possibilities for further research are suggested: 

1. Although this study was conducted with a 

relatively long period of treatment (15-weeks with 110 

hours of progranuning exposure), a more accurate picture 

should be obtainable by lengthening the treatment. 

2. Despite the fact that Winkler and Hays (1971) 

assert that many statistical studies are exploratory in 

nature and do not require an extensive sample size to 

investigate association and map out the main 

relationships in a specified area, the sample size of 

this study is one weak point. Therefore, a more accurate 

picture should be obtainable by increasing the sample 

size. 

3. At the time of the study, variant forms of the 

instrument were not available; so the same form of the 

instrument was given as the pre- and posttest measure 

(over a 14 week time period). Although Shaw (1986) 

asserts that a nine week separation between pre- and 

posttest administration of the same form of the New 

Jersey Test of Reasoning Skills did not reflect practice 

effects, a more accurate picture may be obtainable by 

using alternative forms of the instrument for the pre-

and posttest administration. 
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4. This study examined the effects of Pascal and 

FORTRAN programming languages on problem-solving skills 

with college level students only. Therefore, further 

studies should be conducted with younger students to 

determine whether the effects vary with students at 

different stages of cognitive development. 

5. Results from this study may only be applied to 

the Pascal and FORTRAN programming languages. Therefore, 

further studies should be conducted with other 

progranuning languages such C, COBOL, PROLOG, LISP, etc. 

6. The sample in this study was relatively 

homogeneous. Different results may be obtained with a 

more heterogeneous sample. 
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APPENDIX A 

SURVEY QUESTIONNAIRE 

Thank you for participating in this research. Your 
answers on this questionnaire will help me in studying 
effects of programming language. All responses will be 
kept confidential. 

Identification No. (Last four digits of S.S.N.) 

Age: Sex (please circle) Male Female 

Ethnicity (please check) Anglo 
Black 
Other 

Hispanic 
Oriental 

Classification (please circle) Fr So Jr S Grad 

Major: 

GPA (For freshmen, high school GPA): 

Computer experience: (check the best category) 

Never touched one 
Novice. I have used one occasionally in the 

past, but have only done a little 
programming. 

Intermediate. I write programs occasionally. 
Experienced. I write programs frequently and 

am very familiar with at least 
one programming language. 

Have you ever taken a computer programming class before? 
(please circle) 

YES NO 

If YES, which of following programming language have you 
taken? 
(please check) 

BASIC Logo COBOL Pascal 
FORTRAN C LISP Other 

Are you currently taking any computer programming course? 
(please circle) 

YES NO 
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If YES, which of following programming language are you 
taking? 
(please check) 

BASIC Logo COBOL Pascal 
FORTRAN C LISP Other 



APPENDIX B 

PASCAL CURRICULUM 

Computer Science - 1301 

Text by Nell Dale and David Orshalick: "INTRODUCTION TO 
PASCAL AND STRUCTURED DESIGN", D. C. Heath and Company, 
Lexington, Mass., 1983. 

Grading: 
Learning to program is the primary objective of this 

course. You will be required to write complete 
operational programs as part of the discussion lab work 
as well as write out programs and program segments for 
the exams. 

You will be expected to read the appropriate chapter 
before it is discussed in class. An excellent way to 
reinforce the chapter topics is by comparing with the 
answers given in the back of the book. Homework will be 
assigned and this grade will be 7.5% of your final grade. 
Problems similar to these exercises have a very strong 
likelihood of appearing on the examinations that make up 
60% of your final grade. 
Exam Average (3 Exams plus the final) 60.0% 
Program Average 17.5% 
Discussion Lab Grade 10.0% 
Homework Grade 7.5% 
Attendance 5.0% 

Course Schedule: 
* Introduction to computers 
* Tour of computer facilities 
* Introduction to programming 
* VAX/VMS introduction 
* Chapters 1 - 4 

EXAM I: Friday, September 28, 1990 at 10:00-10:50 AM 
* Chapters 5 - 8 

EXAM II: Monday, October 26, 1990 at 10:00-10:50 AM 
* Chapter 9-10 

EXAM III: Wednesday, November 14, 1990 at 10:00-10:50 AM 
* Chapter 11 - 12 

FINAL EXAM: Monday, December 10, 1990 at 
10:30 AM-1:00 PM 

NOTE 1: September 3, 1990 is Labor Day Holiday - Day of 
no classes 

NOTE 2; Thanksgiving Holidays - School dismissed at noon 
on Wednesday, 11/21/90 and all classes will 
resume on Monday, 11/26/90. 

Ill 
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TEXT ORGANIZATION 

Ch 1: Overview of Programming 
1.1 Why Programming? 
1.2 What Is Programming? 
1.3 What is a Programming Language? 
1.4 What is Pascal? 
1.5 Program Entry, Correction, and Execution 

Ch 2: Problem Solving, Syntax/Semantics, and Pascal 
Programs 

Objective: 
* To be able to develop algorithms for solving 
problems. 

* To be able to read syntax diagrams in order to 
construct and identify legal Pascal statements and 
declarations. 

* To be able to create and/or recognize Pascal 
identifiers. 

* To be able to declare variables of type CHAR, 
INTEGER, BOOLEAN and REAL. 

* To be able to declare constants. 
* To be able to construct simple arithmetic 
expressions made up of variables, constants, and 
arithmetic operators (+, -, *, /, DIV, MOD). 

* To be able to evaluate simple Pascal arithmetic 
expressions. 

* To be able to construct a specified WRITE or 
WRITELN statement. 

* To be able to determine what would be printed, 
given a WRITE or WRITELN statement. 

* To be able to construct simple Pascal programs. 
2.1 Problem-Solving Process 
2.1 Syntax/Semantics 
2.3 Program Construction 

Ch 3: More Syntax/Semantics and Design Methodology 
Objective: 

* To be able to construct a READ or READLN statement 
to read in specified values. 

* To be able to determine the contents of variables 
assigned values in a given READ or READLN 
statement. 

* To be able to evaluate expressions according to 
precedence rules. 

* To be able to distinguish between Pascal reserved 
words and user-defined identifiers, given a list 
of words. 

* To be able to follow a Pascal program, determining 
the values of the variables at the end of 
execution of each statement. 
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* To be able to apply the top-down design 
methodology to solve a simple problem. 

* To be able to take a top-down design and code it 
in Pascal using self-documenting code. 

3.1 More Syntax/Semantics 
3.2 Top-Down Design 
3.3 standard Approaches 

Ch 4: Selection 
Objective: 

* To be able to construct a simple BOOLEAN 
expression to evaluate a given condition. 

* To be able to construct a complex BOOLEAN 
expression to evaluate a given condition. 

* To be able to construct an IF-THEN statement to 
perform a specific task. 

* To be able to construct an IF-THEN-ELSE statement 
to perform a specific task. 

* To be able to construct a set of nested IF 
statements to perform a specific task. 

* To be able to debug a Pascal program with errors. 
4.1 Conditions and Boolean Expressions Selection 

Control Structure 
4.2 Testing and Debugging 

Ch 5: Looping 
Objective: 

* To be able to construct syntactically correct 
WHILE loops. 

* To be able to construct count controlled loops 
with a WHILE statement. 

* To be able to use EOF to control the inputting of 
data. 

* To be able to use EOLN to control the inputting of 
character data. 

* To be able to construct counting loops with a 
WHILE statement. 

* To be able to construct summing loops with a WHILE 
statement. 

* To be able to use flags to control the execution 
of a WHILE loop. 

* To be able to construct a correct WHILE loop of 
which another WHILE is a part. 

* To be able to format program output so that it is 
clear and readable. 

* To be able to choose data sets to test a program 
comprehensively. 

5.1 Looping Control Structure 
5.2 WHILE Statement 
5.3 Loops Using WHILE Statement 
5.4 Nested Logic 
5.5 Formatting Integer and Character Output 
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5.6 Testing and Debugging 

Ch 6: Procedures 
Objective: 

* To be able to write a program which reflects the 
structure of your top-down design. 

* To be able to write a module of your design as a 
procedure. 

* To be able to correctly define a procedure to do a 
specified task. 

* To be able to invoke that procedure correctly. 
* To be able to use formal and actual parameters 
correctly. 

* To be able to define and use local variables 
correctly. 

* To be able to declare and use external files of 
type TEXT. 

6.1 Top-Down Structured Design with Procedures 
6.2 Procedure Declarations 
6.3 Procedure Call (Invocation) 
6.4 Parameters 
6.5 Local Variables 
6.6 External Files 
6.7 Testing and Debugging 

Ch 7: Parameters 
Objective: 

* To be able to do the following tasks, give a 
Pascal program with procedures: 

determine whether each parameter is a VAR or 
VALUE parameter 
determine whether a variable is being 
referenced globally 
determine which variables are local variables 
determine which variables are defined in each 
block 

* To be able to do the following tasks, give a 
top-down design of a problem: 

determine what the formal and actual parameter 
lists should be for each module 
determine which formal parameters should be 
VAR parameters and which should be VALUE 
parameters 
determine what local variables should be 
declared for each module 
to be able to code the program correctly 

* To be able to determine the scope of each variable 
in a program. 

* To be able to determine the contents of variables 
during execution of a program containing 
procedures. 

* To understand and avoid undesirable side effects. 
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7.1 Multiple Calls to the Same Procedure 
7.2 VAR/VALUE Parameters 
7.3 Local/Global Variables 
7.4 Scope Rules 
7.5 Side Effects 
7.6 Testing and Debugging 

Ch 8: Functions, Real Numbers, and Additional Control 
Structures 

Objective: 
* To be able to determine where it is appropriate to 
use a function. 

* To be able to code and invoke a function correctly 
for a specified task. 

* To be able to define and use REAL numbers. 
* To be able to format REAL output. 
* To be able to use a REPEAT statement correctly. 
* To be able to use CASE statements for multi-way 

selection. 
* To be able to determine whether to use a REPEAT or 
a WHILE to perform a specific task. 

8.1 Functions 
8.2 Recursion 
8.3 Side Effects 
8.4 Design and Program Structure 
8.5 additional Control Structures 
8.6 More on Real Numbers 
8.7 Testing and Debugging 

Ch 9: Data Types and Data Structures 
Objective: 

* To be able to define and use scalar variables for 
handling both numeric and non-numeric data. 

* To be able to define and use subrange variables to 
take advantage of range-checking and improve 
readability. 

* To be able to use FOR loops when the number of 
repetitions is known. 

* To be able to define a one-dimensional array type 
to handle collections of data objects of the same 
type. 

* To be able to declare an array variable. 
* To be able to process (access) elements in a 
one-dimensional array. 

9.1 Scalar Types 
9.2 Ordinal Types 
9 . 3 Subrange Types 
9.4 Type Declarations 
9.5 FOR Statement 
9.6 Data Structures 
9.7 Arrays 
9.8 Testing and Debugging 
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Ch 10: Typical Problems Using Arrays 
Objective: 

* To be able to follow the development of the 
top-down design of a specific problem which 
includes one of the following typical types of 
array processing 

searching 
using parallel arrays 
indexes with meaning 
merging 
working with only a portion of the array. 

To be able to read the code which implements each 
of the above top-down designs. 

* To gain experience in reading programs. 
10.1 Searching 
10.2 Parallel Arrays 
10.3 Indexes with Semantic Content 
10.4 Merging 
10.5 Sub-array Processing 
10.6 Testing and Debugging 

Ch 11: Multi-Dimensional Arrays 
Objective: 

* To be able 
types. 

* To be able 
variables. 

* To be able 

to define multi-dimensional array 

to declare multi-dimensional array 

of a to access the elements 
multi-dimensional array. 
To be able to write procedures to 
types of organized accessing with 
two-dimensional array: 

cell by row 
cell 
cell 
cell 
cell 
cell 

do the following 
a 

access 
access 
access 
access 
access 
access 

To be able 
structures 

each 
each 
each 
each 
each 
each 

by column 
randomly 
in a specified row 
in a specified column 
in the two diagonals 

to choose between the following data 
for a particular problem: 

two-dimensional array vs. parallel arrays 
arrays vs. simple variables 
Data Structures 
Two-Dimensional Arrays 
Multi-Dimensional Arrays 
Data Structures and the Design Process 
Testing and Debugging 

Ch 12: Records 
Objective: 

* To be able to define a record data type. 
* To be able to declare a record variable. 
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To be able to access, compare and assign values to 
the individual components of a record variable. 
To be able to define data types which include 
hierarchical records and arrays of records. 
To be able to access, compare and assign values to 
the individual components of record variables of 
the above data types. 
To be able to choose the appropriate data 
structure, given a specific problem. 
To be able to sort an array of records. 

12.1 Records 
12.2 Hierarchical Records 
12.3 arrays of Records 
12.4 More on Choosing Data Structures 
12.5 Sorting 
12.6 WITH Statement 
12.7 Testing and Debugging 

Ch 13: Additional Data Structures 
Objective: 

* To be able to declare and manipulate multiple 
input and output files in a Pascal program. 

* To be able to use EOLN to process text files. 
* To be able to declare variables of type PACKED 
ARRAY. 

* To be able to access, compare and assign values to 
packed array variables. 

* To be able to create and input files with 
structured components. 

* To be able to access and manipulate file buffer 
variables. 

* To be able to use the procedures GET and PUT to 
perform a specific task. 

* To be able to define a set data type. 
* To be able to declare a set variable. 
* To be able to determine the results of the set 
operations (+, *, -, IN) on specific sets. 

13.1 Text Files 
13.2 Packed Arrays 
13.3 Files 
13.4 Files Buffers 
13.5 Sets 
13.6 Testing and Debugging 

Ch 14: Pointers and Linked Lists 
Objective: 

* To be able to declare pointer variables. 
* To be able to manipulate pointer variables. 
* To be able to create dynamic variables. 
* To be able to distinguish between a pointer 
variable and the dynamic variable to which it 
points. 
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* To be able to create dynamic data structures such 
as linked lists. 

* To be able to access the elements in a linked 
list. 

* To be able to insert elements into and delete 
elements from a linked list. 

14.1 Dynamic Data Structures 
14.2 Pointers 
14.3 Linked Lists 
14.4 Other Data Structures 
14.5 Choice of Data Structure 
14.6 Testing and Debugging 



APPENDIX C 

FORTRAN CURRICULUM 

Computer Science - 1302 

Text by Rama N. Reddy and Carol A. Ziegler: "FORTRAN 77 
WITH APPLICATIONS FOR SCIENTIST AND ENGINEERS", 1st 
Edition by West Publishing Co. 

Grading: 
Class attendance in regularly scheduled lectures & 

labs will be mandatory & absenteeism will count off from 
your final grade. You are expected to read the listed 
text and any other supplement references given to you, 
prior to the class meeting at which the associated topics 
are scheduled to be discussed. 
6 Pop Quizzes (Delete the Lowest) 5.0% 
Daily Homework 10.0% 
attendance 10.0% 
Discussion Lab Grade 10.0% 
4 Lab Programs 15.0% 
1st Exam 10.0% 
2nd Exam 12.5% 
3rd Exam 12.5% 
4th Exam 15.0% 

Computer: VAX 8650/VMS with Terminal Access from ATLC & 
Petro. Eng. 119. 
Phone Access: 742-1812 (300 & 1200 bauds); 742-1824 (2400 
bauds) 8 data bits: 1 stop bit: full duplex: parity 
disabled: XON/XOFF enabled. 

Course Schedule: 

Assignment dueDate Due Date on 
Week Chapter Target Lab Problem on Labs Homework 

1. 
2.* 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

Intro & Ch 
Ch 1 & 2 
Ch 2 & 3 
Ch 3 & 4 
Ch 4, Exam 
Ch 4 
Ch 4 & 5 
Ch 5, Exam 
Ch 5 & 6 
Ch 6 & 7 
Ch 7 & 8 

1 

1-M 

2-W 

Intro, 
VAX/VMS/EDT 
Lab 0 

--

Lab 1 
--

Lab 2 
--

Lab 3 
--

Lab 4a 

--

--

--

LAB 0 
--

LAB 1 
--

LAB 2 
--

LAB 3 

Ch 
Ch 
Ch 

Ch 

Ch 

Ch 
Ch 
Ch 

1:09/07 
2:09/14 
3:09/28 
--

4:10/12 
--

5:10/26 
--

6:11/02 
7:11/12 
8:11/19 

12. Ch 8, Exam 3-F 
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13. Ch 8 St 9 Lab 4b LAB 4 Ch 9:11/28 
14. Ch 9 & 10 FINAL -- Ch 10:12/05 
15.! Ch 10 & Review 

* sept. 03, 1990 is Labor Day Holiday - Monday is a 
day of no classes 
Thanksgiving Holidays - School dismissed at noon on 
Wednesday, 11/21/90 and all classes will resume on 
Monday, 11/26/90 

! Dec. 06, 1990 is Thursday and it is the last day of 
classes. 
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Text Organization 
Ch 1: Iritroduction to Computers and Programming 

Objective: To understand the basic concepts of program 
development, program generation, and the 
FORTRAN run-time environment. 

1.1 Concepts of Computers 
1.2 Algorithms and Program Development 
1.3 Program Compilation, Debugging, and Testing 
1.4 Program Processing Environment 
1.5 Examples of Algorithms 

Ch 2: Basic Concepts of FORTRAN 
Objective: To learn the logical, syntactic, and 

physical structure of a FORTRAN program and 
the types of data that can be processed. 

2.1 Structured Programming 
2.2 Constants and Variables 
2.3 Arithmetic Expressions and Operations 
2.4 FORTRAN 7 7 Library Functions 
2.5 FORTRAN 7 7 Structures 
2.6 Sample Programs 

Ch 3: Input/Output Specifications 
Objective: Learn how to instruct the computer as to 

what data to process and what to do with 
the results. 

3.1 List-Directed Input/Output Statements 
3.2 Formatted Input Statements 
3.3 Formatted Output Statements 
3.4 Sample Programs Using Input/Output 

Ch 4; Control Structures 
Objective: To be able to handle a set of data 

sequentially, selectively, and 
repetitively. 

4.1 Sequence and Selection Control 
4.2 Loop Control 
4.3 Logical Data Manipulation 
4.4 Sample Programs Using Control Structures 

Ch 5: Modular Design and Subprograms 
Objective: To subdivide a project into modular, 

functional, and manageable units of code. 
5.1 Concepts of Modular Programming 
5.2 Statement Functions 
5.3 Function Subprograms 
5.4 Subroutine Subprograms 
5.5 Shared Variables and Constants 
5.6 Sample Programs Using Subprograms 

Ch 6: One-Dimensional Arrays 
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Objective: To process collections of data stored as 
lists and vectors. 

6.1 Concept of One-Dimensional Arrays 
6.2 Input of One-Dimensional Arrays 
6.3 Output of One-Dimensional Arrays 
6.4 Manipulation of Arrays 
6.5 arrays in Subroutines and Functions 
6.6 Sample Programs 

Ch 7: Multidimensional Arrays 
Objective: To process data stored by rows and columns 

in tables. 
7.1 Concept of Two-Dimensional Arrays 
7.2 Input of Two-dimensional Arrays 
7.3 Output of Two-Dimensional Arrays 
7.4 Manipulation of Arrays 
7.5 Concept of Higher Dimension Arrays 
7.6 Arrays and Subprograms 
7.7 Sample Programs 

Ch 8: Character Data Manipulation 
Objective: To be able to access and to manipulate 

character code and character strings. 
8.1 Character Constants and Variables 
8.2 Operations on Character Data 
8.3 Character Data and Arrays 
8.4 Character Data and Subprograms 
8.5 Sample Programs Using Character Data 

Ch 9: File and Data Manipulation 
Objective: To be able to store and maintain data for 

future use and to output data for immediate 
use or for long-term storage. 

9.1 Concept of Files and File Access 
9.2 File Organization 
9.3 File Status and Positioning 
9.4 sample Programs Using Files 

Ch 10: Additional FORTRAN Features 
Objective: To become acquainted with special data 

types and additional control features. 
10.1 Precision Specification of Numeric Variables 
10.2 Complex Variables 
10.3 Miscellaneous special Statements 
10.4 Special Control Statements 
10.5 additional Subprogram Features 
10.6 Sample Programs Using Advanced Features 
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OUT-OF-CLASS COMPUTER ACCESS TIME REPORT 

Identification No. (Last four digit of 
SS #) 

How many average out-of-class hours do you use computer 
per day for the Pascal or FORTRAN programming? 

< 1 hour 1-2 hours 2-3 

> 3 

If the answer is less than 1 hour, how many out-of-class 
hours do you use it per week? 

< 1 hour 1-2 hours 2-3 

3-4 4-5 > 5 
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APPENDIX E 

SAMPLE PASCAL EXAMS AND ASSIGNMENTS 

TAKE HOME EXAM I 

Carefully follow the directions for each problem. Note 
the point value for each question and use your time 
wisely. Write all your answers on this test booklet; 
use the back of the paper if necessary. 

I. (10 POINT) Given the following values for Boolean 
variables X, Y, Z, evaluate the Boolean expressions 
and circle the answer T if the result is TRUE and 
circle the answer F if the result is FALSE. 

X = TRUE Y = FALSE Z = FALSE 
TO OBTAIN ANY CREDIT FOR YOUR ANSWER, YOU MUST SHOW 
YOUR INTERMEDIATE STEPS JUST AS THE COMPUTER WOULD 
SOLVE FOR THE RESULTS. 

a) NOT Y OR Z OR X T F 

b) Z AND X AND Y T F 

c) NOT Y OR ( Z OR NOT X ) T F 

d) X OR X AND ( Y OR Z ) T F 

e) NOT ( 1 0 + 5 > 7 ) OR ( 5 = 3 ) T F 

III. (7.5 POINTS) Use the following Pascal program to 
answer the questions below in a and b. 

PROGRAM mystery(OUTPUT); 

VAR 
a, b, c : INTEGER; 

BEGIN (* mystery *) 

a 
b 
c 

IF 

:= 5; 
:=35; 
:=7; 

( a < b ) THEN 
IF ( a < c ) THEN 

WRITELN(a) 
ELSE 

WRITELN(c) 
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ELSE 
IF ( b < C ) THEN 

WRITELN(b) 
ELSE 

WRITELN(c); 
END. (* mystery) 

a) What is the output of this program? 

b) In general (i.e., for other values of a, b, c), 
what does it do? 

EXAM I 

I. (10 POINTS) Fill in the number of the correct 
definition for each of the following terms. There 
is only one correct answer for each. 

ALGORITHM 1 

COMPILER 

CONSTANT 

EXECUTION STEP 

MEMORY 

PROGRAM 

SEMANTICS 

SYNTAX 

2 

3 

4 

5 

6 
7 
8 

9 

TERMINAL 

VARIABLE 

10. 

11. 

12. 

13. 

The part of a computer which 
holds programs and data. 
A place in memory where a 
data value can be stored. 
A place in memory where a 
data value which cannot be 
changed is stored. 
An input device to a 
computer 
The time spent planning a 
program. 
Grammar rules. 
A looping structure. 
Meaning 

A program which translates 
assembly language 
instructions into machine 
code. 
When the machine code 
version of a program is 
being run. 
A program that takes a 
high-level language code and 
translates it into machine 
code. 
A step-by-step outline for 
solving a problem. 
A sequence of instructions 
to a computer to perform a 
particular task. 
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V. (5 POINTS) Which of the following sets the variable 
Agree to True if Value is less than Maximum and sets 
Agree to False otherwise? 

a) IF Value < Maximum THEN 
Agree := True; 

b) Agree := Value > Maximum; 
c) Agree := NOT (Value >= Maximum); 
d) IF (Value >= Maximum) THEN 

Agree := False; 

VI. (10 POINTS) 
a) Write out Pascal declaration statements for the 
creation of a constant: 

1) Called MAXIMUM which contains the number 1989 

2) Called PI which contains the number 3.14159 

3) Called COMMA which contains the comma character 
b) Write out Pascal declaration statements for the 
creation of a variable: 

1) Called VOLTAGE which sets up storage for real 
data 

2) Called VOLUME which sets up storage for integer 
data 

3) called AREA which sets up storage for character 
data 

c) Write out Pascal statement(s) to set: 
1) the integer variable SUM to the sum of the 

variable VALUE and the constant 3 

2) the integer variable MYTIME to the remainder of 
MILITARYTIME divided by 12 

3) the real variable READINDEX to the product of 
variables SYLLABLESPERWORD and WORKSPERSENTENCE 

4) up a WRITELN statement to print the value of an 
integer variable MPG after the words "THE 
MILEAGE IS" 

VII. (15 POINTS) Trace the values of the variables in 
the following Pascal program with its data. Show a '?' 
for undefined values. WRITE VARIABLE VALUES ONLY AFTER 
LINES THAT ARE EXECUTED. In the space at the bottom, 
show the output that the program produces. 
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PROGRAM trace(INPUT, OUTPUT); 

VAR 
a, b, c, d, e : INTEGER; 

BEGIN a b o d e 
WRITELN(' YOU PLAY COMPUTER!'); 
READLN(a,b,e); 
d := a MOD b + a DIV b; 
c : = e + b * a - b ; 
READLN(a); 
IF ( a >= 0 ) OR ( b > 0 ) THEN 

a := a * a 
ELSE 

a := a * a * a; 
WRITELN(' ANSWERS:', b, e, c, a, d); 
READLN(d,e); 
b :=a + b - c + d - e ; 
WRITELN(' NEW b:',b); 

END. 

d a t a : 

27 
- 2 

5 
1 
0 
7 

6 
12 

5 
1 
1 
8 

- 3 
8 
5 
1 
2 
9 

14 
100 

5 
1 
3 

21 
32 

5 
1 
4 

0 
21 

5 
1 
5 

14 
5 
1 
6 

output: 

TAKE HOME EXAM II 

I. (10 POINTS) Use the following Pascal program to 
answer the questions which follow. 

PROGRAM test2(INPUT, OUTPUT); 

VAR 
numl, num2 : INTEGER; 
answer, num3 : REAL; 

PROCEDURE calc(nl:INTEGER; xl:REAL; VAR ans:REAL); 

VAR 
i : INTEGER; 

BEGIN (*calc*) 
ans := 1: 
i : = 1 • 
WHILE ( i <= nl ) DO 
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BEGIN (*while*) 
ans := Nd * xl; 
i := i = 1 

End; (*while*) 
END; (*calc*) 

PROCEDURE swap(VAR a, b:INTEGER); 

VAR 
temp : INTEGER; 

BEGIN (*swap*) 
temp 
a 
b 

= a; 
= b; 
= temp; 

END; (*swap*) 

BEGIN (*test2*) 

READLN (numl, num2, num3); 
IF ( numl < num2 ) THEN 

swap(num1, num2); 
calc(numl, num2, answer); 
WRITELN('THE ANSWER IS ', answer:1:2); 

END. (*test2*) 

1) List all global variables of program test2, 

2) List all value parameters of procedure calc. 

3) List all variable parameters of procedure calc. 

4) Explain how the parameters of 2) are handled 
differently from the parameters of 3). 

Use one of the following choices to answer 5) - 7) 
below: 

a) Local variable 
b) Actual parameter 
c) Formal parameter 
d) Global variable 
e) None of the above 

5) The identifier temp in procedure swap 
is a . 

6) The identifiers numl and num2 in the call to 
procedure swap are . 
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7) The identifiers a and b in procedure swap 
are 

EXAM II 

I. (16 POINTS TOTAL) 
A) (4 pts) Circle all of the following that 

correctly describe value parameters in 
arguments passing. 

1) The actual parameters cannot be changed. 
2) The formal parameters cannot be changed. 
3) The actual parameters have to be variables. 
4) The actual parameters cannot have boolean 

values. 
5) None of the above. 

B) (4 pts) Circle all of the following that 
correctly describe VAR parameters in arguments 
passing. 

1) The actual parameter cannot be changed. 
2) The formal parameters cannot be changed. 
3) The actual parameters have to be variables. 
4) The actual parameters cannot have boolean 

values. 
5) None of the above. 

C) (4 pts) Given the main program VAR section and 
the function declaration heading given below, 
circle all the correct calls to that function. 
There may be more than one. 

VAR 
i : INTEGER; 
X : REAL; 

FUNCTION work(b, c : INTEGER) : INTEGER; 

1) WRITELN( work(5,3) : 15); 
2) X := work(i, 4 * i + i * i); 
3) i := work(3, 1.98); 
4) IF i = TRUNC(x) THEN 

work(l, 2); 

III. (5 POINTS) Convert the following into a CASE 
statement. 

IF (STOREYS > 4) AND (STOREYS <= 10 THEN 
WRITELN ('ADDRESS RESTRICTIONS') 

ELSE 
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IF (STOREYS >0) AND (STOREYS < 10) THEN 
BEGIN 

WRITELN ('NO RESTRICTIONS'); 
INSPECTION := TALSE; 

END; 

IV. (5 POINTS) Write the output resulting from 
execution of the following program. 

PROGRAM EXAMPLE (INPUT, OUTPUT); 
VAR 

A, B, C : INTEGER; 

PROCEDURE CHANGENUMBERS (VAR X : INTEGER; Y, Z 
INTEGER); 

VAR 
C : INTEGER; 

BEGIN 
C 
X 
B 
Z 

END; 

= 15; 
= Y * Z + C; 
= X + Y; 
= C; 

BEGIN (*EXAMPLE*) 
A := 7; 
B ;= 9; 
C := 21; 
CHANGENUMBERS (A,B,C); 
WRITELN (A,B,C); 

END. 

(9 POINTS) What are the contents of SUM and VALUE 
at the end of the execution of the following 
program. 

PROGRAM example(INPUT, OUTPUT); 

CONST 
n = 3; 

VAR 
i, SUM, VALUE : INTEGER; 
flag: BOOLEAN; 

BEGIN 

SUM := 0; 
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i := 1; 
flag := FALSE; 

WHILE ( i <= n) AND ( NOT flag ) DO 

BEGIN 

READ(VALUE): 
IF (VALUE > 1) THEN 

SUM := SUM + VALUE 
ELSE 

IF (VALUE = 1) THEN 
flag := TRUE; 

i := i + 1 

END; 

WRITELN('END OF TEST ', SUM, VALUE); 

END. 

DATA : 4 3 2 1 0 -1 -2 -3 -4 

1) SUM = 

2) VALUE = 

3) Does this data fully test this program? YES NO 

4) Explain your answer. 

EXAM III 

I. (20 POINTS TOTAL) 
A) (5 pts) Assume i, start, and finish have been 

declared as integers. Also assume start and 
finish have been assigned values prior to the 
following segment of code. 

FOR i := start TO finish DO 
BEGIN 
value := i * i - i ; 
WRITELN('The calculated value is', value); 

END; 

How many times is the loop body executed if: 
1) start < finish 

2) start = finish 
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3) start > finish 

D) (5 pts) What is the output of the following 
program? 

PROGRAM hues(INPUT,OUTPUT); 

TYPE color = (red, white, blue, green, 
purple, black); 

VAR flag : color; 
rainbow : blue..purple; 

BEGIN (* hues *) 
flag := PRED(white); 
rainbow := SUCC(green); 
WRITELN('first value: ', ORD(flag 

* ORD(RAINBOW) :1, 'second value: ', 
ORD(flag) + ORD(rainbow):1); 

FOR flag := red TO black DO 
WRITELN(ORD(flag) :1); 

END. (* hues *) 

II. (5 POINTS) Write a CASE statement to perform the 
tasks below for the value of an integer variable, 
HOUR. 

If HOUR 
has the value: Print this message: 

9 - 1 1 Open for morning business. 
12 Closed for lunch. 

1 - 5 Open for afternoon business. 
6 - 8 Closed. Office hours are 9 - 5 

any other value Invalid value for hour. 

III. (10 POINTS) Rewrite the following while loop as an 
equivalent REPEAT UNTIL loop: 

sum := 0; 
i : = 1 • 
WHILE ( i <= 200 ) AND ( NOT EOF ) DO 

BEGIN 
READLN(num); 
sum := sum + num; 
i := i + 1; 

END; 
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IV. 

How many times will the loop body be executed? 

Could this code be written as a FOR loop? If yes, 
rewrite it; if no, explain why. 

(5 POINTS) Determine the number of components in 
each array. 

a) first 

b) second 

c) third 

d) fourth 

ARRAY [ 1..80 ] OF INTEGER; 

ARRAY [ 0..100 ] OF REAL; 

ARRAY [ -2..2] OF INTEGER; 

ARRAY [ 'A'..•E'] OF REAL; 

e) CONST 
N = 20; 

TYPE 
VALUE = 1..N; 

VAR 
fifth :PACKED ARRAY [ VALUE ] OF CHAR; 

FINAL EXAM 

I. (10 POINTS TOTAL) Write a Pascal statement to do 
each of the following tasks. 
1) Declare a constant TEST to be 0.005. 

2) Declare a variable COST to be REAL. 

3) Declare variable LOOKING to be a BOOLEAN 
variable. 

Declare TABLE to be a 2 dimensional array of 
real values with 20 rows and columns. 

Declare PRICELIST to be a one dimensional array 
of integers whose index goes from 1970 to 1990. 

Define a type TALLY which is a two dimensional 
array of integers whose rows go from 1 to 15 and 
whose columns go from 'A' to 'Z'. 

Give the function heading for a BOOLEAN function 
SAVE with two REAL parameters, TEST and RESULT. 

Give an invoking statement which stores the 
result of the function in part 7) in a place 
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named HOLD. 

9) Give a procedure heading for a procedure named 
WHY with three formal parameters, ONE, TWO, and 
THREE. The first is a var parameter and the 
other two are value parameters. They are all of 
type integer. 

10) Write a calling statement for the procedure in 
part 9). 

II. (6 POINTS) Write the output resulting from 
execution of the following program. 

PROGRAM two(INPUT, OUTPUT); 

VAR a, b, c : INTEGER; 

PROCEDURE chnum(x:INTEGER; VAR a, b: INTEGER); 

BEGIN (*chnum*) 
c 
a 
X 

END; 

BEGIN ( 
a : = 
b : = 
c : = 

:= 8; 
:= a + b ; 
:= a + c ; 

(*chnum*) 

*two*) 
5 ; 
8; 
4 ; 

c h n u m ( c , b , a ) ; 
WRITELN(a,b,c) ; 

END. (*two*) 

III. (8 POINTS TOTAL) Four lines in the following 
program contain errors. Identify and correct the 
four errors. 

PROGRAM report(OUTPUT); 

TYPE STRING = PACKED ARRAY [1..15] OF CHAR; 

SUMMERHELP = RECORD 
name : STRING; 
startdate : PACKED ARRAY OF [1..9]; 
hoursworked : INTEGER; 

END; 

VAR operator : SUMMERHELP; 
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BEGIN (*report*) 

WITH SUMMERHELP DO 

BEGIN 
name := 'Stoney Vic Days'; 
startdate := 'Ol-Jun-87'; 
hoursworked := 293.75; 

END; 

WRITELN(operator); 

END. 

IV. (9 POINTS TOTAL) The following questions deal with 
loops. Write three loops, a WHILE, a REPEAT, and a 
FOR which will sum the integers from 1 to N. Read a 
value for N before the loop starts. Also write the 
necessary initialization statements as well. 
1) WHILE: 
2) REPEAT: 

3) FOR; 

V. (6 POINTS TOTAL) 
1. (3 pts) Write an array declaration for a table 

to hold the responses to 50 multiple choice 
test items (letters A through E) for 100 
students. 

(3 pts) Write array declarations for a list of 
20 people (up to 25 characters per name), and 
their grade point averages (real numbers). 

VI. (10 POINTS TOTAL) Given the following program 
structure, answer the questions which follow by 
circling T or F. If you chose 'F', give the reason 
why. 

PROGRAM six(INPUT, OUTPUT); 

CONST PI = 3.1416; 
VAR a, b, c : INTEGER; 

q : BOOLEAN; 
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FUNCTION one(ql : BOOLEAN; q2 : INTEGER) : INTEGER; 
VAR b : REAL; 

BEGIN (*one*) 

END; (*one*) 

PROCEDURE two(VAR a2 : INTEGER; b2 
VAR q2 :BOOLEAN; 

FUNCTION three(b3 :INTEGER; q3 
BOOLEAN; 

BEGIN (*three*) 

INTEGER); 

BOOLEAN): 

END; (*three*) 

BEGIN (*two*) 

END; 

BEGIN (*six*) 

END. (*six*) 

1) Program SIX may call any function T 
or procedure. 

2) b3 := a + b would be legal in T 
procedure TWO. 

3) q := one(q,a) would be legal in T 
program SIX. 

4) If variable b were used in function T 
THREE, it would refer to the local 
b in function ONE. 

5) Function THREE may call any function T 
or procedure 

VII. (5 POINTS TOTAL) What is printed after execution of 
the following program segment? Assume the input 
data is: J2K3L4M5 
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TYPE 

VAR 

LISTA = ARRAY [1..4] OF INTEGER; 
LISTB = ARRAY [1..4] OF CHAR; 

count : INTEGER; 
num : LISTA; 
code : LISTB; 

FOR count := 1 TO 4 DO 
READ(code[count], num[count]); 

FOR count := 1 TO 4 DO 
WRITELN(num[count]:1, code[5 - count]:1); 

VIII. (5 POINTS TOTAL) What is printed after execution 
of the following program segment? 

TYPE 

VAR 

TABLE = ARRAY [1..3,1..3] OF INTEGER; 

matrix 
index 

TABLE; 
INTEGER; 

FOR index ;= 1 TO 3 DO 
BEGIN 

matrix[1,index] 
matrix[2,index] 
matrix[3,index] 
WRITELN(matrix[l 

END; 

= index 
= index 
= index 
index],matrix[2,index], 

matrix[3,index]); 

IX. (4 POINTS TOTAL) If the following input 
instructions were executed using the data as shown 
below, what would the variables contain? 

VAR A, B, C, D : INTEGER; 

READLN(A); 
READLN(B,C); 
READLN(D); 

data: 18 
55 

35 
35 

29 
95 

A 

B 

C 

D 
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72 
24 

76 
33 
15 

32 
99 
43 
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X. (4 POINTS TOTAL) What is printed by the following 
program segment? 

TYPE 

VAR 

ARYTYPE = ARRAY [1..1000] OF INTEGER; 

list 
index 

ARYTYPE; 
INTEGER; 

FOR index := 1 TO 1000 DO 
list[index] := index mod 2 + index div 

WRITELN(list[l], list[2], list[1000]); 

XI. (4 POINTS TOTAL) Assuming the declarations and code 
from problem X, write a Pascal statement that will 
print ALL the components of the array in reverse 
order (i.e., the 1000th element first, the first 
element last). 

XII. (12 POINTS TOTAL) A peach farm kept yearly bushel 
production totals for 10 years for 8 orchards using 
the following array structure: 

CONST NUMYEARS = 10; 
NUMORCHARDS = 8; 

TYPE YEARS = 1..NUMYEARS; 
DATA2D = ARRAY [1..NUMORCHARDS,YEARS] OF 

INTEGER; 

VAR peachdata : DATA2D; 
year, bestyear :YEARS; 
orchard, bestorchard : 1..NUMORCHARDS; 
yearlytotal, decadetotal, high, low : 

INTEGER; 

Assume all elements of peachdata have been defined 
in earlier code. Using only the variables declared 
above, write segments of pascal code to answer the 
questions below. 

(1) (3 pts) Write a Pascal statement(s) which 
would assign the first year production of 
orchard 3 to yearlytotal. 
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(2) (3 pts) Write a segment of code which would 
compute the 5th year production for all 
orchards. 

(3) (3 pts) Write a segment of code to compute the 
decade total production for all the orchards. 

(4) (3 pts) Describe what the following statement 
accomplish. (What is in the variable high and 
bestorchard after execution of these 
statements?) 

high := 0; 
FOR orchard := 1 TO NUMORCHARDS DO 

IF peachdata[orchard,5] > high THEN 
BEGIN 

high := peachdata[orchard,5]; 
bestorchard := orchard; 

END; 

XIII. (12 POINTS TOTAL) Given the declarations below, 
answer the questions 1) - 12) as TRUE for valid or 
FALSE for invalid statements in the main program. 
(Assume valid variables have defined values. Each 
statement is independent of the others.) 

TYPE CODE = ARRAY [1..25] OF CHAR; 

BOX = RECORD 
length, width, height : INTEGER; 
legal : BOOLEAN; 

END; (* box record*) 

REF = RECORD 
token : ARRAY [1..200] OF CODE; 
symbol : ARRAY [1..20] OF CODE; 

END; (* cross record*) 

CROSS = RECORD 
crosscode : CODE; 
style : (formal, brief); 
chart : REF; 

END; (*cross record*) 

VAR guide 
container 
packing 
across 

ARRAY [1..200] OF CROSS; 
BOX; 
ARRAY [1. .80] OF BOX; 
CROSS; 
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aref 
i, count 
acode 

: REF; 
: INTEGER; 
: CODE; 

1) across := guide[5]; T F 

2) guide[6] . chart := aref; T F 

3) packing . width := i; T F 

4) IF packing[3] . legal THEN T F 

count := count + 1; 

5) across . length := i; T F 

6) i := box . legal; T F 

7) across . chart := aref; T F 

8) IF legal THEN T F 
count := i; 

9) guide[l] . chart . token[2] := acode; T F 

10) packing[100] . length := i; T F 

11) container := count; T F 

12) IF cross . style = brief THEN T F 
count := count + 1; 

XIV. (10 POINTS TOTAL) 
1) (3 pts) Define a PART record type containing 

the following information: 

part number 
part name (a string of up to 20 characters) 
quantity on hand 
price 
reorder (a boolean variable determining if item 

should be reordered.) 

2) (2 pts) Declare a variable PARTFILE that can 
store up to a 100 of these records. 
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3) (5 pts) Using the information in 1) and 2), 
write a segment of Pascal code to print all the 
part numbers and part names which need to be 
reordered. Assume all information has been 
previously put into the records and that there 
are exactly 100 parts. 

PROGRAMMING ASSIGNMENT #2 

Design, write, and run Pascal program to perform 
temperature conversions as described below. Turn in a 
neat copy (handwritten) of your preliminary design as 
well as the Vax computer listing. 

PROBLEM DESCRIPTION; 
The metric system is upon us! Although we are used to 
interpreting temperatures reported in Fahrenheit, 
oftentimes it is important to be able to convert quickly 
to centigrade. You know the formula for conversion is 

c = 5/9 * (F - 32) 

but it takes too long to calculate in your head. A good 
approximation when converting Fahrenheit to centigrade is 
to take half of the Fahrenheit temperature and subtract 
15. How good an approximation is it? 

Write a Pascal program that reads a Fahrenheit 
temperature from a file, computes the centigrade 
equivalent by the actual formula, computes the 
approximation, and then computes the absolute difference 
between the two. Output the original temperature as well 
as all calculations with proper labels. After all 
temperatures are processed, compute the average of the 
differences and print this average as well as the number 
of temperatures processed. 

INPUT: 
The first input value will be an integer number telling 
how many Fahrenheit temperatures are to follow. The 
temperatures will be real numbers. When you are 
debugging your program, make up your own data file. 
Before you prepare your listing to turn in, run your 
program using the official data file named 
[pepOl]prog2.dat. This file will be available by 
9/30/90. 
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OUTPUT: 
Your output should start at the top of a new page. (Use 
the statement, page(output); in the proper spot.) Print 
a meaningful title. All output values should be properly 
labelled. You will have a set of output values for each 
Fahrenheit temperature read in. 

Since the output values are reals, print them using this 
format, •;1:2'. For example, to print the value in the 
real variable, temp, you could use this line of code: 

writeln('The temperature is: ', temp:1:2); 
This format means the number will be printed in the 
minimum field width necessary with 2 places after the 
decimal point. 

after all temperatures are processed, print an 
appropriate ending message including the number processed 
and the average of the differences as described above. 

PROGRAMMING NOTES: 

Write an algorithm to solve the problem before you start 
writing the Pascal program. 

Because your program will process a set of Fahrenheit 
temperatures, you must set up a loop like you saw in 
assignment 1 using the While Do construct. 

Hint: Declare integer variables named something like 
•count' and 'numtemps'. Read the first data value into 
numtemps. Initialize count tol, then add one to it each 
time a temperature is read in. The while statement will 
be: 

while ( count <= numtemps ) do 

Use the built-in function abs to find the absolute 
difference. For example, 
diff := abs(correct - estimate); 

could be in your program if diff, correct, and estimate 
were declared as real variables. (See A2 in your book 
for a list of built-in functions.) 

Refer to the problem statement for assignment 1 for the 
process of creating a data file and defining standard 
input to be from that file. 

Remember that each time you correct a program error, you 
must recompile your program. After you recompile a 
program, be sure to relink it before you run it. Don't 
run with old versions of your .obj or .exe files or you 
will not see the results of the changes you made. 
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After you are satisfied that your program works 
correctly, you are now ready to prepare your listing you 
will turn in. Compile your program with the list option. 
Your .lis file must be turned in with the output appended 
just as in assignment 1. 

The following items will be checked when your program is 
graded: 

* A good preliminary design (may be handwritten, NOT 
Pascal code). 

* Good comments throughout the code, meaningful 
variable names used, good code-indention techniques 
used. 

* Correct listing with no syntax errors. 
* Correct answers for all input cases. 
* Meaningful output format: good title, labels, 

spacing. 

This assignment will be collected at the beginning of the 
lab period on the due date given above. YOU MUST TURN A 
VAX/VMS COMPUTER PRINTOUT OF YOUR SOLUTION AT THAT TIME. 
If it is not completely correct, write 'MORE COMING' on 
the outside. Continue to work on your program until it 
meets all requirements, then turn the correct listing in 
along with your design. A correct program submitted 
after the due date will incur the late penalty given 
above. 

Remember, if no program listing is turned in by the due 
date, nothing will be accepted from you for late credit. 
Late points are assessed in 24 hour intervals, including 
weekends. 

PROGRAMMING ASSIGNMENT #3 

Design, write, and run a Pascal program which will 
compute the real roots of a quadratic equation. Turn in 
a neat copy (handwritten) of your preliminary design as 
well as the computer output as described below. 

The general form of a quadratic equation is: 

a*x + b*x + c = 0 

There are at most 2 real solutions for x for any given 
set of numbers a, b, c. There may be only one unique 
real solution, no real solutions, or no solutions at all 
Your program must handle each of these cases. 
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INPUT: 
The first line of the input file will be a single integer 
value representing how many quadratic equations are to be 
solved. For each equation to be solved, there will be a 
line in the input file consisting of three integers 
representing a, b, c in that order. The official data 
file will be named [pep02]prog3.dat. 

OUTPUT: 
Your output should start at the top of a new page and 
have a meaningful title. For each equation: print and 
properly label the input data; print the appropriate 
message form the following set: 

'there are two real roots', 
'there is one real root', 
'there are no real roots', 
'there are no root'; 

and print the correct real solution(s) if they exist. 
All output values should be real values printed with 2 
places after the decimal point. 

Remember that the quadratic formula is: 

+ \ I 2 
-b - \I b - 4*a*c 

X = 
2*a 

You can use the expression inside the square root to 
determine the number of real roots. If 

DELTA = b*b - 4*a*c, 
then DELTA > 0 means there will be two real roots, 
DELTA = 0 means there will be only one real root, and 
DELTA < 0 means there is no real root. 

Check for the special case of a = 0 before you use 
quadratic formula. If a = 0 and b = 0, then there are no 
roots. If a = 0 and b is not 0, then there is one root 
found by the formula, 

X = -c/b 

(You cannot use the quadratic formula if a=0, because you 
would attempt to divide by zero which causes a run time 
error.) 

Think about the best way to write the solution to this 
problem. Try to find an efficient and readable way to 
use if-then-else statements. Do not perform unnecessary 
calculations. (For example, DELTA should be computed 
only once.) 
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After you have completed your assignment and have assured 
yourself that your program produces the right answers, 
you need to prepare your hardcopy to turn in. For the 
rest of the semester, you will use a special command 
called finalrun to produce this hardcopy. 

USE FINALRUN ONLY AFTER YOU HAVE COMPLETELY DEBUGGED YOUR 
PROGRAM !!! 

Remember, you enter the command name finalrun at the $ 
prompt, and the system will prompt you for the rest of 
the information. For this program you will answer the 
questions as follows: 

programming language: pascal 
program name: prog2.pas 

(or whatever you chose) 
number of data files: 1 
data file name: [pep00Jprog2.dat 
input data file logical name: (simply return) 
output data file logical name: (simply return) 
CPU time limit: 0 minutes 

30 seconds 

Final run will compile, link, and ex3cute your program. 
The output will be appended to your listing file and 
immediately sent to the printer. Pick up your final 
hardcopy in the correct bin at the ATLC. 

If there are errors in the compile, link, or run steps, 
finalrun will describe those errors in a file names 
ERR0R.LOG in your directory. If this file is empty or 
does not exist, no errors were encountered. Check this 
file after every finalrun with the command: 

$ type ERR0R.LOG 

As a matter of cleanup, finalrun will delete the object 
file(s) your program uses since these files are no longer 
needed after the .exe file is created and they only take 
up disk space if allowed to exist. 

The following items will be checked when your program is 
graded: 

* A good preliminary design (may be handwritten; NOT 
Pascal code). 

* Good conunents throughout the code, meaningful 
variable names used, good code-indention techniques 
used. 

* Correct listing with no syntax errors. 
* Correct answers for all input cases. 
* Meaningful output format: good title, labels, 

spacing. 
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Finalrun was used to produce the output you turned 
in. 

If you must turn this program in late, on the due date 
turn in a finalrun of the program in its current state. 
Write 'more coming' on the outside. Complete the program 
as soon as possible and turn in your design with your 
corrected listing. 

PROGRAMMING ASSIGNMENT #5 

Design, write and run a PASCAL program which will solve 
the following problem. You are required to turn in a 
neat, handwritten copy of your preliminary design in the 
form of N-S flowcharts and a hardcopy of your program 
listing and output created by finalrun. 

It is required to compute the GPA (Grade point average) 
for every freshman. Student information is kept in a 
file that has: 

Student id 
Number of credits 
Grade obtained 

Each of these is separated by a blank space. There is 
one line for every course registered by a student. For 
example, if a student has registered for 4 courses, there 
will be four lines of information for that student. 
Also, the file is sorted by student id. Hence all the 
input lines for a student will appear one after the 
other. Please note that the number of students is not 
known. The number of courses taken varies from student 
to student and is also not known. 

Student id is an integer greater than 1000. Any 
id <= 1000 should be considered an error. Also a list of 
valid student ids is present in a file 
[PEP02]VALID.DAT . If an id is read and is not present 
in the file VALID.DAT then it should be considered as an 
error. Student ids in the file VALID.DAT will be in 
ascending order and can have a maximum of ids. However 
the actual number of ids present in the file has to be 
found through your program. Number of credits is a 
single digit integer. Grade is a single character and 
can be either 'A', 'B', 'C, 'D', or 'F*. Anything other 
than these should be treated as an error. 

Official input file is [PEP02]PR0G6.DAT 
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Valid id file is [PEP02]VALID.DAT 

OUTPUT 

There should be one line per every error free student 
record giving the student-id, total number of credit 
hours, total credit points and the grade point average. 
GPA should be printed as a real number with three digits 
after the decimal point. Assume grade 'A' to be 4 
points, 'B' to be 3 points, 'C as 2, 'D' as 1 and 'F' as 
zero points. 

If there is an error in student id, print the input 
details with an appropriate error message. GPA should 
NOT be calculated for a student id that is in error. 

If there is an error in grade, print the input line with 
an appropriate error message. Do not calculate the GPA 
for this student even if the student id is correct. 
Proceed to the next student's information. 

After processing and printing for all students, the 
following summary information should be printed: 

a. Total number of students (NOT number of lines 
in i/p file) processed. 

b. Total number of input lines. 
c. Total number of student id errors. 
d. Total number of grade errors. 
e. Maximum GPA and the corresponding student-id. 
f. Minimum GPA and the corresponding student-id. 

Discussion 

You are to write at least 2 procedures and 1 function. 
Decide the task to be performed by the procedures and the 
function on your own. 

The list of valid student ids should be read from 
VALID.DAT into an one-dimensional array in the beginning 
of the program before commencing the processing of 
PR0G6.DAT. Every Id read from PR0G6.DAT should be 
checked against the one-dimensional array. 

Accessing global variables form procedures or functions 
is STRICTLY PROHIBITED and if done will cause negative 
points. 

Continue to give good comments throughout the code, 
meaningful variable names, good code indentation. 
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Use final run to create the hardcopy you will turn in. 
This should use the official input data file 
[pepOO]prog5.dat . If you turn in an incorrect or 
incomplete program, please write 'more coming' on the 
banner page. You MUST turn in a hardcopy of your program 
that has been created by the due date and time to receive 
any credit for this assignment. 

It may be a good idea to study the input file before 
finalizing the program logic. 



APPENDIX F 

SAMPLE FORTRAN EXAMS AND ASSIGNMENTS 

TAKE HOME EXAM # 1 

I. (Worth 3.0 points) Write one line of Fortran for 
each of these English statements of a logical test. 
a) "If J and K are both greater than L, then..." 

b) "If J is greater than 9 but not equal to 18, 
then..." 

c) "If N is greater than 6 but less than 18, 
then..." 

II. (Worth 10 Points) State in a few words what the 
following programs do AND identify the type of 
selection that is being utilized by each program. 

1) INTEGER I,N 
READ*,N 
I=N 

10 CONTINUE 
IF ( I .GE. 1 ) THEN 

PRINT*,I,1**3 
1 = 1-1 

GO TO 10 
END IF 

END 

2) INTEGER I,J,K 
READ*,I,J,K 

IF ( (1**2 + J**2) .EQ. K**2 ) THEN 
PRINT*,' THE NUMBERS DEFINE A RIGHT 

TRIANGLE' 
ELSE 

PRINT*,' THE NUMBERS DO NOT DEFINE A RIGHT 
TRIANGLE' 

END IF 

END 

III. (Worth 7.0 points) State what output would be 
produced by the following program in terms of pairs 
of (J,K). 

INTEGER J,K 

149 
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IV, 

J=3 
K=10 

10 CONTINUE 
IF ( J .LE. 8 ) THEN 

K=K+J 
PRINT*,J,K 
J=J+1 

GO TO 10 
END IF 
END 

(Worth 7.5 points) Write arithmetic assignment 
statements in FORTRAN 77 to compute the values of 
the following formulas. 

1) T = (2/3) u N R 

s s 

2) Area of triangle = (1/2) Height times Base 

A 
3) B = — 

2 
A 

R 

10 

-2.5 
A + B 

4) X 

5) Q = 

P+1 
- cos X 

p + 1 

V. (Worth 7.5 Points) In the following exercise, the 
data values are to be read, the values used in a 
computation, and the results printed. Be sure to 
include REAL and END statements in your FORTRAN 7 7 
program. 

Read: a,b,c 
Evaluate: 

F = 
1 + a 

1 + (b/(c + 6)) 

Print: a,b,c,f 
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TAKE HOME EXAM # 2 

I. (Worth 10 Points) "TRIBONACCI" series start with 
1,1,1, and each succeeding term is the sum of the 
last three terms: 1,1,1,3,5,9,17,31,57,... . Make 
a DO loop to generate the sum of the inverses of the 
Tribonacci series given that T(l) = 1, T(2) = 1, and 
T(3) = 1 and that T(36) is as big as the machine 
will hold. 

II. (Worth 10 Points) Given that a) e = 2.718281828 and 
that the series solution for this would be 1 

e = 1 + 1/1! + 1/2! + 1/3! + 1/4! + ... and that 
b) -1 

e = 0.367879441 and that the series solution 
for this would be given as 

-1 
e = 1 - 1/1! + 1/2! - 1/3! + 1/4! - ... and c) 

along with the statement that X is any 
real number where the series solution for 

X 
e is given by 

X 2 3 4 
e = 1 + X + X /2! + X /3! + X /4! + ... 
What is the series solution for 
-X 

e and make a DO loop to generate the first 
ten terms and their sums. 

Note that 0! = 1! = 1 

III. (Worth 10 Points) Write a complete FUNCTION 
subprogram only to compute: 

I 2 
1 + \ | 1 + X X < 0 

Y(X) = 0 X = 0 

I 2 
1 - \ | 1 + X X > 0 

IV. (Worth 10 Points) An array named B contains 12 
elements. Write separate program segments, 
including declarations, to accomplish the following. 

a) Place the product of the first and second 
elements in PROD. 

b) Replace the third element by the average of the 
first, third and fifth elements. 
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c) If the last element is zero or positive, do 
nothing, but if it is negative, reverse its 
sign. 

d) Replace every element by two times itself, 
using a DO loop. 

V. (Do any two for a total of 4 Points) Make a DO loop 
for each series and assign K = 1,30. 

2 3 4 
a) + + + . . . 

1 2 3 
2 - 0 2 - 1 2 - 2 

1 1 1 1 
b) + + + + . . . 

2 * 1 4 * 3 6 * 5 8 * 7 

2 3 4 
X X X X 

c) + + + + . . . 
2 3 4 5 

2 3 4 5 

VI. ( Worth 6 Points ) Identify the errors in these 
programs segments. 

a) DO I = 1, 10 
PRINT *, I, 1**4 

10 CONTINUE 

b) DO 10 I = 1, 10 
PRINT *, I, 1**5 
1 = 1 + 1 

10 CONTINUE 

c) DO 10 I = 1, 10 
DO 20 J = 1, 20 
PRINT *, I, J, 1**2 + J**2 

10 CONTINUE 
20 CONTINUE 

d) READ *, N 
DO 10 I = 1, N 

IF ( N .GT. 10 ) THEN 
N = 10 

END IF 
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10 
PRINT 

CONTINUE 
1**6 

EXAM II 

I. (Worth 10 Points) Set up a program segment that 
includes declarations for two one-dimensional arrays 
names A and B each having 20 elements. Form the sum 
of the products of corresponding elements, using a 
DO loop, then take the square root of the result, 
and assign its value to ANORM. 

II. (Worth 10 Points) A one-dimensional array named k 
contains 25 integers. Write a program segment that 
includes the declaration statements and a DO 
statement to replace each element by itself, 
multiplied by its element number. In other words, 
replace 

k by i * k , i = 1,2,3,...,25. 
i i 

III. (Worth 10 Points) Two one-dimensional arrays named 
R and S have 30 elements each; however, the number 
of elements containing valid data is given by the 
value of previously computed or assigned integer 
variable M. Write a program segment using a DO loop 
and properly declared variables that will compute 
the first M elements of an array named T, which also 
has 30 elements, according to the formula 
T(I) = R(I) + S(I) for i = 1,2,3,...,M. If R, S, 
and T are thought of as vectors, this is the 
operation of vector addition. 

IV. (Worth 10 Points) Set up a program segment that 
includes the declaration statements for two 
one-dimensional arrays, A and B, each containing 20 
elements and write this program segment using a DO 
statement to compute 

1/2 
20 2 

c = I \ ( A - B ) 
/ _ i i 

i = 1 

V. (Worth 10 Points) Set up a FORTRAN Program 
including arithmetic statements to calculate the 
number of seconds, the number of minutes, the number 
of hours, the number of days, the number of weeks, 
the number of months and the number of quarters in 
the input variable YEARS using the E-Format for your 
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program. ( 1 second is equal to 3.16880878E-08 
Years) 

FINAL EXAM FOR FALL 19 90 

I. - III. IS WORTH 5 POINTS EACH 

I. State what the output of the following program would 
be. 

PROGRAM WHATT 

REAL A, B, C REAL FUNCTIONPROD(A,B,C) 
REAL A,B,C 

READ *, A, B, C PROD = A * B * C 
RETURN 

CALL TWOF (A,B,C) END 

END 

SUBROUTINE TWOF (A,B,C) 
REAL FUNCTION SUM(A,B,C) 

REAL A, B, C REAL A,B,C 
PRINT *, A, B, C, PROD(A,B,C) SUM = A + B + C 
PRINT *, A, B, C, SUM(A,B,C) RETURN 
RETURN END 
END 

II. Martian temperature Scale has absolute zero 
o o 

(i.e., -273 c) = 0 M and a room temperature 
o o 

(i.e., 27 c or 80.6 F) as lOOM. Give a FORTRAN 
formula to convert Martian Temperature to Fahrenheit 
Temperature. 

1000 500 
III. If X - 2*X + 1 = 0 , figure out a root and 

show how to test it in a FORTRAN Program. 

IV. - VII. WORTH 10 POINTS EACH 

IV. If the Fib. Numbers are 1,1,2,3,5,8,...etc. and the 
Luc. Numbers are the set 1,3,4,7,11,18, 29...etc. 
make a series of the Fractions (Fib(n)/Luc(n)) for 
each value of n and add up the fraction from n = 1 
to n = 35 in a FORTRAN Program. (Generate each 
value of Fib(n) and Luc (n) for each fraction.) 
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V. Make a Series from the following loop: 

Q = 0 

DO 25 M = 0, 1000 

Q = Q + ((-1) * * M) * (Y * * (2 * M)) 

25 CONTINUE 

VI. What is the size of 1990!, if all that our computer 
can handle is integers up to the fourteenth 
factorial? You can still make a good approximation 
of 1990! by making use of the Stirling's 
Approximation 

0.50 N -N 
given by N ! = ( 2 N ) * N * e 

Show how a FORTRAN Program would yield this value of 
N! . 

VIII. - XI. WORTH 10 POINTS EACH. OMIT ONLY ONE, 
HOWEVER, BONUS IF ALL WORKED. 

VIII. Make a Program/Code to evaluate 
(((7.0 + i) * (7.0 - i))/25.0) 

IX. If we used decimal portions of years as our 
chronometer, noon on July 1, 1990 would be 1990.500, 
which would be the exact middle of the year. Figure 
the decimal equivalence for today, the 346nd day at 
10:00 a.m. into the year 1990, using a FORTRAN 
Program. 

X. Given 3 numbers A, B, and C (Which would be like 
that of our triangle problem) figure out how you 
would determine which two numbers are the closest to 
each other in size. Write a complete FORTRAN 
Program with a subroutine to perform this analysis. 
(For example, given 8, 3, and 2 we know that 3 and 2 
are the nearest to each other in magnitude.) 

XI. If this is not a leap year and you are told it is 
the 121st day of the year, how can you calculate 
this date with a Fortran Program? [Hint: put 
month-name in a character array and days-in-month in 
an integer array.] 



156 

XII. - XIII. IS WORTH 15 POINTS EACH AND YOU MAY OMIT 
ONLY ONE FROM THIS SET. 

XII. JULIUS CAESARS's CODE. JC moved letters down 2 in 
the alphabet. Thus, "CAT" would become "ECV" and 
"DIZZY" would become "FKBBA" where Y --> A, and 
Z --> B would complete the cycle. Here is part of a 
FORTRAN PROGRAM which would take a message of length 
100 (i.e., letters, blanks and punctuation) as 
'IN(IOO)' and modifies each letter by JC'S method, 
but leaves the blanks and punctuation unchanged. 
Make the rest of the PROGRAM using a number of 
Loops, to give 'OUT(IOO)'. Use the END = # in the 
Read Line. 

CHARACTER*1 ALPHA(26), BETA(26), IN(IOO), OUT(IOO) 
DATA ALPHA/'A','B','C',...,'X','Y','Z'/ 
DATA BETA/'C','D','E',...,'Z','A','B'/ 

XIII. You do business with 26 firms ( A Co., B Inc., 
C Ltd., D and Son,...). Some of them owe you money, 
others you owe them money. The amount is in AA ( 26 
element array) as positive integers. You have 
another 26-array (BB) with only 1 and 0 (i.e., 1 = 
he owes me, and 0 = 1 owe him), for each firm. A 
third 26-array (CC) tells how many tons of Peanuts 
you have shipped to these firms. Make the simplest 
possible program in FORTRAN (all in one Loop) to 
figure: 

a) How much are you owed? 

b) How many tons of peanuts have you shipped to 
firms that owe you money? 

c) How many firms owe you money? 

d) Do you owe them or do they owe you more? 

e) How many tons of peanuts have you shipped, 
total? 

f) How many firms have you sent less than 43 tons 
of peanuts? 

PROGRAM ASSIGNMENT # 2 

Write a FORTRAN program to obtain the conversion of any 
Fahrenheit temperature into Celsius temperature. 
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The conversion formula is: 

c = 5/9 * ( F - 32 ) 

where C stands for Celsius temperature, and 
F stands for Fahrenheit temperature. 

The program must have: 
- its program identifier, 
- comments to give the program purpose and author, 
- all variables explicitly declared, 
- the input data echoed on the output, and 

- the results printed using list-directed output. 

Run the program for the following values: 

32 OF, 70 OF, 97.8 oF, and 212 oF 

Turn in the program and all the results. 

PROGRAM ASSIGNMENT # 3 

Write a complete FORTRAN program to identify the class of 
a triangle, given the sizes of its sides. Make your 
program identify 10 triangles. 

For each triangle, read three numbers that represent the 
sides of the triangle. 

For each triangle, output the triangle number, the values 
of the sides, one or more messages that tell the class of 
triangle it is, and the area (if it is a triangle). 

Examples: 
Input: 5.0 1.0 17.0 
Output: TRIANGLE # 1 

( 5.000000, 1.000000,17.000000) 
Sides don't meet 
Not a true triangle 

Input: 6.0 12.0 18.0 
Output: TRIANGLE # 2 

( 6.000000,12.000000,18.000000) 
Has zero area 
Not a true triangle 

Input: 5.0 5.0 7.071068 
Output; TRIANGLE # 3 

( 5.000000, 5.000000, 7.071068) 
Isosceles triangle 
Right triangle 
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Area = 12.500 

We have the following possibilities: 

MESSAGE REASON 
Sides don't meet One side longer than other two added 
Has zero area One side equals other two added 
Not a true triangle Sides don't meet or has zero area 
Equilateral triangle The three sides are equal 
Isosceles triangle Two sides are equal 
Scalene triangle All sides are different 
Right triangle Scalene or Isosceles, and with sides 

A,B,C (C the longest side): 
C**2 = A**2 + B**2 

To find the area, compute: S = (A+B+C)/2.0 
AREA = SQRT(S*(S-A)*(S-B)*(S-C)) Note: This 

square root will give you an error if the sides don't 
meet. 

Turn in the program listing and results. Input data will 
be present in file [PEFOO]PR0G3.IN 

PROGRAM ASSIGNMENT # 4 

Design, write, and run a FORTRAN program which will 
compute the real roots of a quadratic equation. Turn in 
a neat copy (handwritten) of your preliminary design in 
pseudocode as well as the computer output as described 
below. 

The general form of a quadratic equation is: 

2 
a*x + b*x + c = 0 . 

There are at most 2 real solutions for x for any given 
set of numbers a, b, c. There may be only one unique 
real solution, no real solutions, or no solutions at all. 
Your program must handle each of these cases. 

INPUT: 
The first line of the input file will be a single integer 
value representing how many quadratic equations are to be 
solved. For each equation to be solved, there will be a 
line in the input file consisting of three integers 
representing a, b, c in that order. The official data 
file will be named PR0G3.DAT . 

OUTPUT: 
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Your output should start at the top of a new page and 
have a meaningful title. For each equation: print and 
properly label the input data; print the appropriate 
message form the following set: 

'there are two real roots', 
'there is one real root', 
'there are no real roots', 
'there are no root'; 

and print the correct real solution(s) if they exist. 
All output values should be real values printed with 2 
places after the decimal point. 

Remember that the quadratic formula is: 

+ \ I 2 
-b - \| b - 4*a*c 

X = 
2*a 

You can use the expression inside the square root to 
determine the number of real roots. If 

DELTA = b*b - 4*a*c, 
then DELTA > 0 means there will be two real roots, 
DELTA = 0 means there is only one real root, and 
DELTA < 0 means there is no real root. 

Check for the special case of a = 0 before you use 
quadratic formula. If a = 0 and b = 0, then there are no 
roots. If a = 0 and b is not 0, then there is one root 
found by the formula, 

X = -c/b 

(You cannot use the quadratic formula if a=0, because you 
would attempt to divide by zero which causes a run time 
error. ) 

Think about the best way to write the solution to this 
problem. Try to find an efficient and readable way to 
use if-then-else statements. Do not perform unnecessary 
calculations. (For example, DELTA should be computed 
only once.) 

The following items will be checked when your program is 
graded: 

* A good preliminary design in pseudocode. It may be 
handwritten, but not FORTRAN code. 

* Good comments throughout the FORTRAN code, 
meaningful variable names used, good code-indention 
techniques used. 
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* Correct listing of the program with no syntax 
errors. 

* Correct answers for all input cases. 
* Meaningful output format: good title, labels, 

spacing. 

LAB ASSIGNMENT 

LAB 3 
Write a program to find the sum of 3 numbers. 

LAB 4 
Write a program to fine the sum of first N natural 
numbers, where N is input. 

LAB 5 
Write a program to find the sum of the squares of 
first N natural numbers. 

LAB 6 
Write a program to find the factorial of a given 
input number. 

LAB 7 
Read in a 3x3 matrix. Print the matrix, row will 
along with the sum of the elements of each row. 
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