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ABSTRACT 

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

if analogies, elaboration of the analogies, and placement of 

the analogies help novices learning a computer programming 

language and affect their attitude toward learning a 

programming language in a computer-based learning 

environment; (b) to determine if the students' mathematics 

ability influences programming learning and their attitude 

toward a programming language; (c) to determine if students 

with relatively average-ability level in mathematics can 

benefit from analogies, elaboration of the analogies, or 

placement of the analogies; and (d) to determine if students 

with relatively high-ability levels in terms of SAT or ACT 

quantitative scores are affected through the use of 

analogies, elaboration of the analogies, or placement of the 

analogies. 

Subjects were 156 college students from two summer 

courses in computing and information technology in the 

College of Education at a state university in northwest 

Texas. Students received their respective computer-assisted 

instruction lesson, which differed according to their 

treatment condition. 

Results indicated that learning with analogies does 

significantly improve concept recall. No significant 

results were obtained for elaboration and placement of the 
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analogy. Relatively high-ability students in terms of their 

mathematics score did achieve better than relatively 

average-ability students. Students with different ability 

levels did not significantly benefit from different 

treatments. However, the effect of analogies and 

elaboration approached significance for relatively average-

ability students. 
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CHAPTER I 

INTRODUCTION 

An important concern in cognitive theory is to use 

prior knowledge to facilitate the acquisition, 

organization, and retrieval of new knowledge (Norman, 1982; 

Reigeluth, 1983; Rumelhart & Norman, 1981). Learning does 

not occur in a vacuum. Learners must have an appropriate 

schema to link the incoming information (Rumelhart & 

Norman, 1981). However, not every person who learns a new 

skill or knowledge possesses the proper prior knowledge. 

For example, novice learners of a domain do not possess 

even a rudimentary understanding of basic concepts. 

Novices must cope with the frustration, fear and 

failure that results when they face excess complexity and 

incomprehensible terminology in new learning, which may be 

the case in learning a programming language (McGrath, 

1990). One possible solution to learn unfamiliar concepts 

is to relate them to concepts from a domain that students 

are more familiar with. In this regard, analogies have 

been suggested to make learning more meaningful. It might 

be worthwhile to teach new concepts through analogy 

(Vosniadou & Schommer, 1988) by creating the connection 

between that which is relevant and interesting and that 

which is radically new. 



statement of the Problem 

The purpose of this study was to compare the effects 

of four ways of teaching programming concepts (no 

analogies, non-elaborated analogies, elaborated analogies 

before instruction, and elaborated analogies after 

instruction) within a computer-based learning environment 

on average- and high-ability novice programmers at the 

college level. When a student learns an unfamiliar 

computer programming language, what is the effect of an 

analogy that provides a familiar context? This research 

tested this idea by determining whether it was possible to 

tell whether a student's performance and/or attitude were 

changed through the intervention of an analogy with or 

without elaboration, and an analogy presented before versus 

after the instruction for each programming concept. The 

instructional strategies used in the treatment are the 

analogy, elaboration, and placement of the analogy. The 

results of different treatments were compared to decide 

which teaching strategy was better than the others. 

Another question investigated was the effect of 

ability levels, which were identified using SAT (Scholastic 

Aptitude Test) quantitative scores or ACT (American College 

Test) mathematics scores. In addition, the effect of 

ability levels across different treatments was investigated 

to determine whether learners with different mathematics 

ability levels learned better using certain instructional 
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methods. A variety of cognitive and affective outcomes 

were investigated: concept recall, application, retention 

of concept, retention of application, and attitude toward 

computer programming. 

Rationale 

Instead of learning outcomes, understanding of the 

learning process is the main concern of cognitive theory. 

Cognitive theorists define learning as a process of 

relating new information to the originally stored 

information. They further contend that learning will not 

occur if there is no prior knowledge to be related or if 

new learning is not connected to the existing long-term 

knowledge. 

In applying cognitive principles to any particular 

teaching situation, meaningful learning is one technique 

frequently suggested as an alternative to traditional rote 

learning. For the purposes of this research, meaningful 

learning refers to using an analogy as an advance organizer 

or elaboration as a necessary constructing process of 

learning new content. 

Computer programming languages have been widely taught 

in high school and college. Among programming languages, 

Microsoft BASIC (Beginners' All-purpose Symbolic 

Instruction Code) probably is the most frequently taught 



language because Microsoft BASIC is easy to use and it also 

comes with the purchase of the personal computer (Bradley, 

1988). 

Research in teaching and learning computer 

programming, as indicated by Mayer (1988), is still in its 

"childhood." The lack of research can be partially 

attributed to the relative newness of the practice and the 

popularity of Papert's model of teaching children to 

program (Papert, 1980). Papert (1980) advocates free 

exploration of LOGO without curriculum. According to 

Papert (1980), this leads to spontaneous development and 

learning without being taught. Consequently, the search 

for structured instruction techniques is not widely studied 

(Righi, 1988). 

Traditionally, in learning computer programming, 

students are often required to learn and solve problems 

without instruction in the underlying conceptual framework. 

Research reports that even after a semester of learning a 

programming language, students still have a very fuzzy 

knowledge of language features and hold many conceptual 

misconceptions (Putnam, Sleeman, Baxter, & Kuspa, 1986; 

Sleeman, Putnam, Baxter & Kuspa, 1986). 

Perkins, Schwartz, and Simmons (1988) describe the 

knowledge of novices as "fragile." They assert that the 

development of mental models, through which students 

understand what the computer does, could enhance the 
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productive learning of programming and put the fragile 

pieces together for understanding. The importance of 

mental models was again emphasized by McGrath (1990). She 

hypothesized that beginners are overwhelmed with too many 

new things at one time and that mental images keep students 

from losing what they are doing by providing meaningful 

analogies. 

One of the most important functions that analogies 

provide is to associate new content with the learner's 

prior knowledge. Since all new learning and understanding 

must be built on existing knowledge, prior knowledge is 

important for learning. Therefore, there is a role for the 

analogy in learning conceptual models (Halasz & Moran, 

1981). 

However, students can benefit from instructional 

analogies only when teachers or educational materials that 

use interdomain analogies provide guidance for the mapping 

process (Zook & Vesta, 1991). Halpern, Hansen and Riefer 

(1990) also suggested that "the reason that students have 

difficulty in using this instructional device effectively 

may be because the analogy relationships are not made 

explicit in many texts" (p.299). For example, when someone 

says that a solar system is like the model of the atom, it 

is simple and natural to infer that the sun is mapped onto 

the nucleus and the planets are mapped onto the electrons. 

However, it is a complicated task to work out in detail how 
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a solar system and a model of atom are similar. For 

example, "The sun attracts the planets causes the planets 

to revolve around the sun" yields the inference, "the 

nucleus's attraction of the electrons causes them to 

revolve around it" (Centner, 1983, p.159). 

Moreover, the analogies can be placed at different 

positions such as before the instruction, during the 

instruction, or after the instruction (Curtis & Reigeluth, 

1984). Mayer's (1976, 1979) research distinguishes the 

different placement position of the analogy as advance 

organizer when the analogy is presented before the 

instruction and as post organizer when it is presented 

after the instruction. Since the consequence of different 

placement position is inconsistent, it is interesting to 

explore this effect in this research. 

When considering a teaching strategy, researchers have 

further explored the relationship of the teaching strategy 

to individual differences. Snow and Lehman's (1984) study 

states that low ability mathematics students are more 

likely to benefit from more "explicit, directed, and 

structured" (p.372) instructional methods with conceptual 

models, whereas high-ability mathematics students are more 

likely to benefit from conventional instructional methods 

without conceptual models. 

One of the explanations for students' misconceptions 

in computer programming language may be related to the 
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insufficient use of instructional strategies from the 

cognitive learning theory. Students are not taught to 

relate new information to previously learned information. 

This research had been designed to determine whether 

students' performance and/or attitude could be enhanced 

through instruction with underlying analogies which had 

different levels of elaboration and different placement 

positions. Furthermore, the impact of students' ability in 

mathematics on learning programming was explored. 

Hypotheses 

Hypothesis 1; There is no significant difference 

between instruction with no analogies and instruction with 

analogies (non-elaborated analogies, elaborated analogies 

before instruction, and elaborated analogies after 

instruction) on student performance on a measure of concept 

recall, application, retention of concept, or retention of 

application of a computer programming language. 

1.1; There is no significant difference between 

instruction with no analogies and instruction with 

analogies (non-elaborated analogies, elaborated 

analogies before instruction, and elaborated analogies 

after instruction) on a measure of students' attitude 

toward a computer programming language. 

Hypothesis 2; There is no significant difference 

between instruction with non-elaborated analogies and 
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instruction with elaborated analogies (elaborated analogies 

before instruction and elaborated analogies after 

instruction) on student performance on a measure of concept 

recall, application, retention of concept, or retention of 

application of a computer programming language. 

2.1; There is no significant difference between 

instruction with non-elaborated analogies and 

instruction with elaborated analogies (elaborated 

analogies before instruction and elaborated analogies 

after instruction) on a measure of students' attitude 

toward a computer programming language. 

Hypothesis 3: There is no significant difference 

between elaborated analogies before instruction and 

elaborated analogies after instruction on student 

performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 

3.1: There is no significant difference between 

elaborated analogies before instruction and elaborated 

analogies after instruction on a measure of students' 

attitude toward a computer programming language. 

Hypothesis 4: There is no significant difference 

between average-ability students and high-ability students 

on performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 
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4.1: There is no significant difference between 

average-ability students and high-ability students on 

performance on a measure of students' attitude toward 

a computer programming language. 

Hypothesis 5: For average-ability students, there is 

no significant difference between instruction with no 

analogies and instruction with analogies (non-elaborated 

analogies, elaborated analogies before instruction, and 

elaborated analogies after instruction) on student 

performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 

Hypothesis 6: For average-ability students, there is 

no significant difference between instruction with non-

elaborated analogies and instruction with elaborated 

analogies (elaborated analogies before instruction and 

elaborated analogies after instruction) on student 

performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 

Hypothesis 7: For average-ability students, there is 

no significant difference between elaborated analogies 

before instruction and elaborated analogies after 

instruction on student performance on a measure of concept 

recall, application, retention of concept, or retention of 

application of a computer programming language. 

9 



Hypothesis 8: For high-ability students, there is no 

significant difference between instruction with no 

analogies and instruction with analogies (non-elaborated 

analogies, elaborated analogies before instruction, and 

elaborated analogies after instruction) on student 

performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 

Hypothesis 9: For high-ability students, there is no 

significant difference between instruction with non-

elaborated analogies and instruction with elaborated 

analogies (elaborated analogies before instruction and 

elaborated analogies after instruction) on student 

performance on a measure of concept recall, application, 

retention of concept, or retention of application of a 

computer programming language. 

Hypothesis 10: For high-ability students, there is no 

significant difference between elaborated analogies before 

instruction and elaborated analogies after instruction on 

student performance on a measure of concept recall, 

application, retention of concept, or retention of 

application of a computer programming language. 
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Definition of Terms 

The terms below need to be clarified by stating 

definitions which will be used for the purposes of this 

study. 

Advance organizer, as defined by Ausubel (1968), is 

"appropriately relevant and inclusive introductory 

materials ... introduced in advance of learning... and 

presented at a higher level of abstraction, generality, and 

inclusiveness" (p.148). Ausubel limits advance organizers 

to only abstract (or inclusive or superordinate) stimuli. 

Mayer and Bromage (1980) define advance organizer in a 

broad way. "The advance organizer may be abstract (such as 

giving a list of general rules or principles) or concrete 

(such as a physical analogy), but it must serve to 

logically integrate the new information" (Mayer & Bromage, 

1980, p. 211). In this study, Mayer and Bromage's 

definition was applied. 

Analogy, as defined by Reigeluth (1983), is "a 

strategy component which serves to make new knowledge 

familiar by relating it to highly similar knowledge outside 

of the immediate content area of interest" (p. 212). 

Analogical mapping involves "setting up 

correspondences between properties in the two domains and 

transferring a relational structure that embodies some of 

the relations between these properties" (Vosniadou & 

Ortony, 1989, p.9). 
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Analogical reasoning involves the transfer of 

relational information from a domain that already exists in 

memory (usually referred to as the source or base domain or 

source along) to the domain to be learned (referred to as 

the target domain or target analog) (Vosniadou & Ortony, 

1989) . Goswami (1991) also defined analogical reasoning as 

"reasoning about relations, in particular about relational 

similarity, so that a correspondence is established between 

one set of relations and another" (p. 1). 

Application refers to applying the programming 

concepts learned in this study to solve a simple problem. 

CAI (Computer-Assisted Instruction), as used in this 

study, refers to a tutorial program designed to deliver 

instruction using the computer. 

Conceptual Model is defined as words and/or diagrams 

that are intended to help learners build mental models of 

the system being studied (Mayer, 1989). 

Elaboration, as defined in this study, is to generate 

thinking about the similarity in the analogy using many 

details as possible. 

Mental Model is the mental image of the activities or 

relationships among events in the computer. 

Orienting activities are mediators used to present 

subsequent instruction. Orienting activities include 
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advance organizer, prequestions, and statements of 

performance expectations (Hannafin, Phillips, & Tripp, 

1986) 

Programming concept, in this study, includes syntactic 

knowledge, such as keyword and code format and semantic (or 

conceptual) knowledge, such as logic and structures. 

Retention refers to the memory in the long-term 

memory. 

Significance of the Study 

Any sophisticated functions of the computer are based 

on the combination of hardware and software. Without the 

proper instructions (the software), the computer is only a 

machine (the hardware) which would not be much help. Those 

instructions are written with computer programming 

languages. Therefore, determining the most effective ways 

to teach computer programming languages could strongly 

influence the use and effectiveness of the computer in the 

future. 

Moreover, some research (Clements & Gullo, 1984; 

Mayer, Dyck, & Vilberg, 1986) supports the connection 

between learning to program and learning to think. By 

programming the computer, students' intellectual skills may 

also benefit from the thinking process. At the same time, 

research also supports that learning to program a computer 

improves students' problem solving ability (Choi & Repman, 
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1993; Linn, 1985; Reed and Palumbo, 1987/1988). This 

premise strongly influences many assertions concerning the 

usefulness of teaching computer programming in schools 

(Mayer, Dyck, & Vilberg, 1988). 

Although computer-programming languages are becoming 

commonplace in the curriculum for many students in schools, 

relatively little is known about how beginning programmers 

learn a first programming language or how effective 

instructional strategies can be applied to the practice 

(Mayer, 1988). 

The importance of this research lies in the insights 

about how to deliver new information effectively. This 

project stresses the teaching of concepts in the domain of 

a programming language. Thus, depending upon the results 

of the proposed experiments, substantial headway may be 

made in developing educational tools that can .bridge the 

gap that now exists in relating concepts in existing 

knowledge to an unfamiliar domain. If knowledge 

acquisition in these domains can be enhanced through the 

use of analogy, then a change in attitude toward these 

traditionally difficult topics may result. Such change may 

itself have a positive impact on both students and 

teachers. And, of course, if the techniques studied in 

this research prove to be effective, they will certainly 

influence the way of presenting the information in the 
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classroom and the textbook. Thus this research can 

potentially make a significant contribution in how children 

and adults are taught programming languages. 

Moreover, the findings from this research not only 

have implications for practical applications in education, 

but also for the theoretical understanding of the learning 

process. In other words, this research will investigate 

systematically the processes underlying comprehension of 

analogies and, in this way, may illuminate our 

understanding of how humans process complex but highly 

structured material. And, beyond investigating the 

analogy's potential facilitative effects on comprehension, 

this dissertation will examine the effect of elaboration 

and the placement position of the analogy on comprehension. 

Thus, even disregarding questions that relate to effects of 

the analogy, these experiments may provide a general 

analysis of those factors that enhance or interfere with 

the understanding of basic programming concepts especially 

for different ability level students. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

The purpose of this chapter is to review and discuss 

the literature concerning: (1) cognitive theory as a 

learning theory, (2) the current situation of computer 

programming language instruction and its problems, (3) the 

use of analogies as a solution for problems in computer 

programming language instruction, and (4) the influence of 

the specific characteristics of analogies on learning. 

Cognitive Theory as a Learning Theory 

How do people learn? This question has been asked for 

over a hundred years, but during the 1950's, the view of 

learning and instruction began to change. Educational 

psychology has shifted from the behaviorist approach, 

emphasizing learning as a S-R (stimulus response) 

relationship, to the cognitive approach, advocating 

learning as an internal process during instruction. 

Behaviorism views the learner as a passive recipient, 

whereas, cognitive theory views the learner as an active 

participant in the learning process. The change of views 

over time can be best described by Mayer's (1992) three 

metaphors of learning: (1) learning as response 

acquisition; (2) learning as knowledge acquisition; and (3) 

learning as knowledge construction. 
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Today, cognitive theory focuses on how information is 

attended, organized, retained, and retrieved by the brain. 

From the perspective of cognitive psychologists, learning 

is a constructing process of relating new information to 

previously learned information, which involves the 

formation of mental associations (Ormrod, 1990). It is 

similar to Piaget's (1970) concepts of assimilation and 

accommodation. Assimilation is a process whereby new 

learning is based on the use of prior knowledge to 

understand new situations. Accommodation is a process 

through which prior knowledge structures are changed to 

deal with new situations (Thompson, Simonson, & Hargrave, 

1992) . 

As noted by Resnick (1989), learning occurs by 

interpreting information, not by recording it. Therefore, 

according to cognitive theory, information must be 

organized in a way that helps learners connect the new 

information with existing knowledge in a meaningful way 

(Thompson, Simonson, & Hargrave, 1992). Mayer (1975) 

claims that meaningful learning depends on the following 

conditions. First, the learner must have a meaningful 

learning set. A meaningful learning set means that the 

learner approaches the new learning with an attitude that 

the new information can be meaningfully understood. 

Second, the learner must have previous knowledge to be 

related to the new information. Third, the learner must 
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know that there is a relationship between prior knowledge 

and new information and actively processes the new learning 

during the learning process. Resnick (1989) also argues 

that "Learning is knowledge-dependent" and that "people use 

current knowledge to construct new knowledge" (p. 1). 

Therefore, attention, prior knowledge and the process of 

using prior knowledge to understand new learning are the 

main themes of cognitive learning theory. 

Computer Programming Language 
Instruction and Its Problems 

General Computer Language Instruction 

With the rapid growth of the computer in educational 

environments, computer programming is becoming a part of 

the curriculum. However, "clear guidelines are not 

available to teachers on the most effective methods of 

teaching programming" (Sloane & Linn, 1988, p. 208). 

Literature on programming classes reports that the 

instructional methods used by teachers range from discovery 

learning and problem solving to explicit instruction (Linn, 

1985; Sloane & Linn, 1988). Teachers preferring problem 

solving like to give students projects or assignments to 

learn from the process of solving problems. In contrast 

with a discovery class, teachers preferring explicit 

instruction spend time to explicitly teaching the skills 

and concepts that they want their students to learn well. 
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Programming languages typically include syntactic and 

semantic knowledge. Syntactic knowledge includes the 

commands and the statement elements and rules for combining 

statements into programs. Semantic knowledge includes 

operations, which are the actions taken by the command or 

statement, objects, which are the targets that are acted 

upon, and locations, which are the place where the action 

happens (Fay & Mayer, 1988). 

However, when the learner, especially the beginning 

learner, faces a list of unfamiliar terms, they become lost 

and never return to the programming. The terminology makes 

programming languages hard to learn (McGrath, 1990). 

Students soon are discouraged by both the new terms and 

logic behind the terms. As indicated by Perkins, Schwartz 

and Simmons (1988), "programming is not so hard to learn, 

but in general is not well taught" (p. 155). 

Students' Attitudes Toward Computers 
and Programming Languages 

Student attitudes toward the use of the microcomputer 

in education are complicated. The computer can be seen as 

a tremendous improvement in education or as a source of 

anxiety and criticism. Many people recognize the potential 

benefits of using the microcomputer, but still some view it 

as an expensive, non-essential device, like educational 

television (Kay, 1990). On the positive side, some reasons 
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for learning to use computers are identified as follows 

(Scheffler, 1990): 

1. Training in computers is necessary to prepare youth 

for jobs in the future. The computer plays a role of job 

educator. 

2. Training in computers will prepare youth for the 

computerized world in the future. The youth will become 

consumers of programs. 

3. Computer programming would enhance critical 

thinking and problem solving abilities. 

On the other hand, Scheffler (1990) also argues that 

the promise of job security is in doubt, while only some 

will find jobs as computer experts. Even if it is true 

that we need to live with the computer, it is also not 

necessary for a consumer to understand the theory behind 

the computer or the computer program. Scheffl.er further 

questions the effectiveness of programming languages in 

improving critical thinking and problem solving based on 

empirical evidence. 

No matter whether attitudes are positive or negative, 

research by Von Holzen and Price (1990) found that 

students' attitudes toward the computer have become more 

positive over a five year period. Attitude has been found 

to be a significant factor in predicting individual 

commitment to the use of computers (Kay, 1990). Attitude 

was also found to have a greater impact on students' final 
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grades when the instructional strategy which allows 

students to understand what is happening inside the 

computer was incorporated into instruction (Goodwin & 

Sanati, 1986). If the quality of the software package 

influences students' attitudes toward the computer, it was 

suggested that an attempt be made to incorporate 

psychological strategies and principles of teaching and 

learning in software packages to improve their quality 

(Shuell & Schueckler, 1989). 

Cognitive Effects of Computer Programming 

The cognitive effects of computer programming have 

become an interesting topic in the programming literature. 

Research reveals that computer programming affects young 

children's meta-cognitive ability and ability to describe 

directions (Clements & Gullo, 1984). Mayer, Dyck, and 

Vilberg's (1986) research suggests that there is an 

important relationship between a person's thinking skills 

and ability to learn BASIC. Learning to program can have 

positive effects on thinking skills that are directly 

related to the language to be learned. Choi and Repman's 

(1993) research further supports that programming 

instruction, using Pascal or FORTRAN, increases problem-

solving abilities and there is a positive relationship 

between programming performance and problem-solving 

measures. 
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Linn (1985) has proposed three possible cognitive 

effects of learning a computer programming language: (1) 

learning the syntax of the language, such as the statements 

LET, PRINT, and INPUT in BASIC; (2) learning to design a 

program to solve a programming problem; and (3) learning 

problem-solving skills which can be applied to other domain 

areas. 

From a review of the research. Reed and Palumbo 

(1987/1988) conclude that "If a primary goal of education 

is to help students develop problem-solving skills, 

programming language instruction should be at the curricula 

forefront" (p.99). 

The Problem with Programming Language 
Instruction 

Some of the problems with computer programming 

language instruction may be related to students' 

misconceptions about programming concepts and lack of 

mental models. 

Students' misconceptions. In spite of many hours of 

teaching and practicing programming languages, much 

research has identified that numerous misconceptions are 

held by beginning programmers (Bayman, 1983; Bayman & Mayer 

1983; Perkins, Schwartz & Simmons, 1988; Putnam, Sleeman, 

Baxter, & Kuspa, 1986). Most students do not attain a 

level of competency. Students appear to have many 

misconceptions about the purpose, effect, and syntax of 
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many commands and statements that they have learned 

(Perkins, Schwartz, & Simmons, 1988). 

Research by Bayman and Mayer (1983; Mayer, 1985) also 

indicates that most beginning BASIC programmers develop 

serious misconceptions of the underlying systems, including 

failure to understand the erasable nature of memory 

locations, where input data come from, and where to-be-read 

data come from. 

Putnam et al. (1986) found that students generally 

have two degrees of error: surface error and deep error. 

Students interpreting the statement LET A = B as assigning 

the value of A to B rather than the value of B to A is an 

example of surface error. Deep error involves more 

fundamental constructs in the programming language, such as 

the insufficient understanding of variables or the flow of 

control in a program. These misconceptions are more 

difficult to correct than the misunderstandings of the 

surface features of the language. 

Sleeman, Putnam, Baxter and Kuspa (1988) examined high 

school students' misunderstandings of the Pascal 

programming language. They concluded that errors were 

caused by a lack of knowledge or attention and the 

interaction of the students' common-sense knowledge with 

the formally defined knowledge. 

Lack of mental models. Beginning programmers are more 

likely to develop a wide range of misconceptions when they 
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try to abstract mental models from the implications of the 

programming language (Bayman & Mayer, 1983). A mental 

model is the mental image of the activities or 

relationships among events in the computer. The 

misconceptions reported in the programming language 

literature suggest that learners employ incorrect or 

incomplete mental models to learn computer programming 

languages. As reported by Mayer, Bayman and Dyck (1987), 

most of the subjects actually fail to acquire accurate 

mental models. 

In a series of studies by Bayman (198 3) and Bayman and 

Mayer (1983), college students were interviewed to 

understand their mental models of the computer after one 

semester of BASIC programming language instruction. 

Students were asked to describe the steps that happen 

inside the computer for each BASIC statement. The 

researchers found that students had difficulty in 

conceiving the mental models of the semantic knowledge. 

For example, students interpreted LET A = B + 1 as "Write 

an equation in memory" or "Print the value of A on the 

screen." 

Learning a first language, such as BASIC or COBOL, is 

generally harder than learning a second language. Novice 

learners tend to create an incorrect mental model for 

themselves based on their language interpretations, which 

leads to misconceptions. Therefore, McGrath (1990) 
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suggests that "teachers should think carefully about 

explicitly teaching mental models" (p.13). 

Providing mental models instruction is like providing 

a rich set of prior experiences which are familiar to the 

learner and through which new information may be related 

and understood to prior knowledge. Generally, the model is 

presented before new material and is then related to the 

newly presented information. Therefore, it is similar to 

Ausubel's advance organizer in some ways (Mayer, 1975). 

The mental model most frequently used to explain the 

BASIC programming language is a concrete model of the 

computer proposed by Mayer (1975). The model provides a 

mental image for the main components in a computer system: 

memory scoreboard represents memory storage of data; input 

window represents data input from a data list; output pad 

represents the printing out of data; program list 

represents executive control of the order of statement 

processing; scratch pad represents the arithmetic and logic 

unit; and the run-wait light represents the processing 

status of the system. In fact, if problems with computer 

programming language instruction were students' 

misconceptions about programming concepts even after 

teaching (Bayman, 1983; Bayman & Mayer 1983; Perkins, 

Schwartz & Simmons, 1988; Putnam, Sleeman, Baxter, & Kuspa, 

1986) and lack of mental models (Mayer, Bayman & Dyck, 

1987; McGrath, 1990), then some type of bridging between 
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students' base knowledge and the target knowledge is 

necessary to support such instruction. 

Analogies as a Solution for Problems 
in Computer Language Instruction 

What is an analogy? 

One type of advance organizer is an analogy. An 

analogy is a strategy used to introduce new knowledge 

(target problem), which is not familiar to the learner, 

using similar knowledge (source analog), which is well 

known by the learner. For example, Reigeluth (1983) used a 

water valve as an analogy to teach the concept of the 

resistor in the electrical circuit. He described a 

resistor as like a water valve. It slows down the flow of 

electrons like a water valve slows down the flow of water. 

Reigeluth (1983) identified an analogy as a kind of prior 

knowledge that can be used to facilitate the acquisition, 

organization and retrieval of new knowledge. 

Analogical reasoning has been defined in two ways: 

classical analogy and problem analogy. The classical 

analogy generally contains four elements (a:b :: c:d) which 

are often found on IQ tests. The problem analogy involves 

two element comparisons (a:b) which ask children to solve 

target problems after learning about analogy problems and 

their solutions (Goswami, 1991). 

Collins and Burstein (1989) have identified three 

types of correspondence in analogies. These 
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correspondences are: (a) system correspondences, such as 

relating the solar system to an atom (Centner, 1983); (b) 

concept correspondences, such as whether an X is a Y; and 

(c) property correspondences, such as whether a 3-inch disc 

is more like a quarter or a pizza. Among them, system 

correspondences are the main concern in this study. 

System correspondences, as described in Goswami's 

(1991) review of the research, further allow analogical 

reasoning to encompass "problem solving" (using the 

solution to a known problem to solve a structurally similar 

problem), "relational mapping" (recognizing the relational 

similarity between the solar system and an atom), and 

"using one to understand the other" (p.l). 

The analogy, in general, can be decomposed into four 

major components: (1) the source analog, (2) mapping 

process, (3) analogical transfer, and (4) subsequent 

learning (Holyoak & Thagard, 1989). In this study, the 

source analog is provided in order to focus on mapping, 

transfer and the subsequent learning outcome. 

Two current theories about analogical use appear 

relevant to the present studies: structure mapping theory 

(Centner, 1983) and analogical thinking theory (Holyoak & 

Thagard, 1989). 

Centner's structure mapping theory. Within Centner's 

(1983) structure mapping theory analogy is seen as the 

structure mapping between a familiar source analog (base 
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domain) and an relatively unfamiliar target analog (target 

domain). Each knowledge domain is treated as prepositional 

networks comprised of nodes (specific objects) and 

predicates (object attributes and relations between 

objects). In analogical thinking objects in the source and 

target analogs may differ, but the relations between them 

are similar if not identical. Centner also describes that 

"attributes" are different from "relations" in that the 

predicates of the "attributes" take only one argument and 

the "relations" take two arguments. It also distinguishes 

between first-order relations and higher-order relations in 

that the former one takes objects as argument and the 

latter one takes proposition as arguments. The theory 

describes that in mapping the base domain onto the target 

domain, (1) attributes of objects should be discarded, (2) 

relations between objects should be preserved as much as 

possible, and (3) systems of relations that preserve 

higher-order predicates should be chosen. For example, in 

the analogy between electricity and water flow, specific 

objects like pipe (water flow) or wire (electrical flow) 

are unique entities peculiar to each domain. The 

attributes of tangible and intangible characteristics of 

the objects (water flow vs. electrical flow) are discarded. 

On the other hand, relational terms like flow, which 

connects objects from the source (water, pipe) and from the 
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target (electricity, wire) domain, may be shared by both 

structures (Centner, 1983). 

Based on structure mapping theory. Centner (1989) 

argues that the goal of using an analogy is to impact the 

representation of the target analog in working memory, 

which will then influence the retrieval of a source analog. 

Holyoak and Thagard's Analogical Thinking Theory. 

Holyoak and Thagard (1989) postulate the characteristics of 

analogy in accord with a set of semantic, structural, and 

pragmatic constraints. It is more than Centner's structure 

mapping theory, which is only based on the constraints of 

structural correspondences (Thagard, 1992). The structural 

constraint encourages mappings that maximize the 

consistency of relational correspondences between the 

elements of the two analogs. The constraint of semantic 

similarity is the degree of similar meanings between two 

analogs. The pragmatic constraints are the analogist's 

judgments about which elements of the analog are most 

crucial in order to achieve the purpose for which the 

analogy is being used. 

The analogical inference in the theory of analogical 

thinking is context dependent. It is developed mainly with 

the context of problem solving (Gick & Holyoak, 1980, 

1983) . For example, one of the most famous problems was 

the radiation problem. Students were given a story about 

how a general, in order to avoid mines, divided his army 
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into small groups and dispatched them simultaneously down 

several roads to converge on the fortress. Students then 

were asked to solve a similar radiation problem which 

required students to find a way to destroy malignant tumors 

without using high intensity rays that might hurt healthy 

tissue. The convergent solution was that a doctor could 

use several low intensity rays from different directions to 

destroy malignant tumors. 

Analogies Help Student Gain Correct 
Concepts 

Sternberg (1987) identified four important performance 

components of human intelligence based on a theoretical and 

a practical point of view. These components were: (1) 

inferring relations between stimuli, (2) applying 

previously inferred relations to new stimuli, (3) mapping 

higher order relations between relations, and (4) comparing 

attributes of stimuli. He stated that these performance 

components form the core of inductive-reasoning tasks, such 

as analogies. 

As stated by Sternberg (1977), "Reasoning by analogy 

is pervasive in everyday experience. We reason 

analogically whenever we make a decision about something 

new in our experience by drawing a parallel to something 

old" (p.353). Halpern (1987) further stated that adults 

use analogies spontaneously in everyday thinking. The 

value of the analogy was further supported by Galloway 
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(1992), who stated that analogies are very important in 

developing new concepts. He further stated that "analogies 

can provide a deeper comprehension of concept and improve 

the internal representation or models of ideas" (p. 501) . 

Analogical reasoning is a mechanism in knowledge 

acquisition. The analogy can play an important role in the 

acquisition of new knowledge because it has the potential 

to bring prior knowledge into the process of acquisition 

(Vosniadou, 1989). Analogies are frequently used to make 

unfamiliar matters comprehensible to students. As 

described by Thagard (1992), "Analogy is often 

indispensable for providing students with the beginnings of 

understanding in a strange domain" (p.542). In the domain 

of programming learning, because novices seem to develop 

misconceptions when they are taught BASIC programming, it 

is important to determine whether misconceptions can be 

reduced through instruction with an underlying analogy 

(Bayman £e Mayer, 1988) . Mayer and his group's (Bayman & 

Mayer, 1988; Mayer, 1981, 1985) long series of studies 

support that using conceptual models during programming 

instruction enhance students' transfer performance such as 

problem solving performance. Chee's research goes beyond 

Mayer's findings by suggesting good analogies as important 

underlying elements for concept learning (comprehension) 

and application of problem solving performance 

(composition) Analogies are widely used in education. The 
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subject matter ranges from chemistry (Thagard, Cohen, & 

Holyoak, 1989), physics (Centner, 1983), history (Tolstoy, 

1982) and programming learning (Mayer, 1975; Righi, 1988). 

For example, in chemistry, the rope that holds two people 

together in a tug of war is used to understand the chemical 

bonds that hold atoms together (Thagard, Cohen, & Holyoak, 

1989) . In physics, electrical circuit flow can be 

explained in terms of water flow (Centner, 1983). These 

analogies all have the characteristic of comparing the 

target problem to aspects of students' everyday lives and 

making the new learning easier to be understood. 

Analogies Help Students Build Mental 
Models 

Hobbs and Perkins (1985) suggest the use of analogies 

in developing students' mental models for understanding the 

computer. Galloway and Bright (1990) confirmed that 

analogies should be particularly effective in building 

better mental models and improving conceptual understanding 

in the area of educational computing. McGrath (1990) also 

supports the value of the mental imagery provided by 

meaningful analogies. The mental image helps the learner 

encode the elaborative information, thereby providing 

additional access points for retrieving the idea (Jonassen, 

1988) . 

Research supports that a conceptual model for BASIC 

was successful in enhancing subjects' mental models by 
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asking students to specify the procedure and diagram 

(Bayman & Mayer, 1988). McGrath (1990) describes the 

importance of mental models for beginners learning 

programming. She hypothesized that beginners are 

overwhelmed with too many new things at one time. 

Therefore, she suggests that providing meaningful analogies 

which can generate mental images can keep students from 

misconceptions in learning programming languages. She also 

provides the following suggestions to use in choosing good 

analogies for mental models (p.14). 

1. The model is easy to learn - familiar 
already to the student, not more stuff to be 
learned (Anderson, 1981; Norman, 1983). 

2. It can be pictured. This will save a lot 
of words. 

3. The model is easy to use. It should be 
one that eases the memory load for the students, 
not one with a lot of parts they have to work at 
remembering. 

4. It is an image you can build upon as you 
introduce new concepts. 

Although good analogies are not easily found, it is 

still worthwhile to develop good analogies because one of 

the primary goal of education is to help students develop 

learning strategies to cope with new learning. As stated 

by McGrath (1990), 

Teaching with good mental models involves a good 
deal of forethought, but the reward of having 
students who continue to be interested in 
programming, understand what they are doing, and 
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solve problems and not just exercises, makes the 
enterprise worth the effort, (p.14) 

Possible Pitfalls of Learning with Analogy 

Thus far research and reasoning that suggests that 

analogy could enhance the learning of scientific concepts 

has been discussed. But the shortcomings of analogical 

learning have not yet been discussed. Halasz and Moran 

(1981) consider analogy harmful by identifying that 

analogical models can often act as barriers, preventing new 

users from developing an effective understanding of 

systems. Rather than an analogical model, they suggest 

that the use of an abstract conceptual model. On the other 

hand, research (Spiro, Feltovich, Coulson, & Anderson, 

1989) suggests that analogy leads to misconceptions. In 

other words, analogies may oversimplify concepts and 

prevent later abstract development of those concepts. For 

example, students who learn "a solar system is like an 

atom" may appreciate the nucleus's attraction of the 

electrons, but are discouraged from appreciating other 

properties of this smallest unit of an element. Donnelly 

(1990, p. 38) also identifies two possible pitfalls of 

learning with analogy: 

1. The power of the analogy rests on the 
assumption that the student can make a conscious 
link between two conceptual areas. 

2. Analogies are by definition inexact 
tools of teaching, and this imprecision may 
actually harm learning. 
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In addition, the analogy might be over applied and over 

extended, permitting learners to develop misconceptions 

(Curtis & Reigeluth, 1984; Reed, Dempster & Ettinger, 1985; 

Webb, 1985) 

Characteristics of Analogies Influencing 
Effectiveness of Analogies 

Elaboration of the Analogy 

When applying analogical reasoning in instruction, 

little attention has been paid to understanding an 

explanatory analogy which is explicitly presented to 

facilitate knowledge acquisition in an unfamiliar domain 

(Vosniadou, 1989). Asking the learner to discuss the 

similarity "hones in on deep structure and disregards 

idiosyncratic surface features in his or her discussion or 

exposition" (Brown, 1989, p. 395) . 

The identification of the structural similarity of the 

two analogs (source and target) is crucial in the 

application of analogical reasoning. Mayer (1980) 

incorporated accompanying elaboration techniques into an 

experimental condition. These techniques consisted of 

having subjects explain in writing how the model text 

related to the learning passage. Significant results were 

obtained when students were asked to elaborate on the 

conceptual model (Mayer, 1980). 

Galloway (1992) provided evidence, based on computing 

concepts, that students appeared to have been aided by 
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having exposure to analogies to improve the conceptual 

development of beginning computing concepts. His study 

also supported the importance of an internalized 

elaboration. Students can benefit from instructional 

analogies only when teachers or educational materials that 

use interdomain analogies provide guidance for the "mapping 

process" (Zook & Vesta, 1991, p.251). For example, the 

analogy "X is like Y" without further explanation is 

ambiguous because the mapping may fail for lack of adequate 

knowledge about which properties of the source could be 

safely mapped onto the target (Vosniadou, 1989). Dejong 

(1989) prescribes the role of explanation in analogy. He 

proposes that a common abstraction or explanation between 

the source and target analogy is a necessary component of 

analogies. 

Halpern, Hansen and Riefer (1990) suggest that "the 

reason that students have difficulty in using this 

instructional device effectively may be because the analogy 

relationships are not made explicit in many texts" (p.299). 

Zook and Vesta (1991) also suggest that "explicitly 

constraining an analogy's relational systems was a 

necessary condition for avoiding subsequent 

misrepresentations (i.e., transfer of irrelevant surface 

features of inappropriate relations)" (p.247). 

Previous research (Galloway, 1992; Halpern, Hansen, & 

Riefer, 1990; Zook & Vesta, 1991) has supported that when 
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the relationship of the analogies to the new learning was 

clearly pointed out, analogies can enhance students' 

learning and solving problems. In a similar fashion. 

Centner and Centner's (1983) electricity model, which was 

provided in a concrete way, influenced how students solved 

electricity problems. 

Although it is obviously necessary to describe the two 

analogs and the correspondences between them clearly, the 

amount of description is another factor that must be 

considered (Thagard, 1992). For students to understand the 

correspondences between the source and target analogs, the 

two analogs must not be too large or too small. If too 

much is described, the students may be distracted by 

irrelevant details; but if too little is explained, 

students may ignore the correspondences (Thagard, 1992). 

Chee's research (1993) tested the postulates of 

Centner concerning the properties of good, poor, and no 

explanatory analogy. The difference between good and weak 

explanatory analogies is based on the characteristic of 

clarity and richness. His research supported that the 

quality of program comprehension and composition when 

learning with a good analogy would be better than the 

quality of learning with a weak analogy or without an 

analogy. However, the quality of program comprehension and 

composition when learning with a weak analogy was not 

significantly worse than learning without an analogy. 
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Research (Rivera-Tovar & Jones, 1990) further explores 

the effects of imprecise elaboration and precise 

elaboration on the behavioral training. Research results 

suggest a slight superiority of precise elaboration over 

imprecise elaboration in the development and maintenance of 

behavior. 

Dinnel and Glover (1985) noticed that little attention 

had been given to differences in how well advance 

organizers were encoded. In their study, three groups were 

compared: read only, list key words, or paraphrase the 

advance organizer. Their results indicate that 

paraphrasing required the deeper processing, which 

facilitates students' abilities to recall the organizer and 

the target essay material. They also found that 

paraphrasing caused overall study time to be significantly 

longer, but when a chapter-length essay was uged, the 

overall time was not significantly different. This latter 

effect is important in that it shows the possibility that 

longer treatments generally may find that spending time at 

the beginning of a lesson to aid organization is cost 

effective because learning is improved with no increase in 

time required. Overall, these results support the notion 

an advance organizer must be processed into long-term 

memory to be effective. 
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Placement Positions 

It has been suggested that a primary goal in planning 

and authoring instruction is to manipulate a series of 

steps or events to activate the individual learner's schema 

(Gagne, Briggs, & Wager, 1988; Gagne, Wager & Rojas, 1981). 

Consequently, the placement position of the analogies, as 

described by Curtis and Reigeluth (1984), varies. They may 

be presented before the instruction, as an analogical 

advance organizer (Ausubel, 1960). On the other hand, they 

may be presented during the instruction where the content 

is becoming difficult for the students. Or the analogy may 

appear at the end of the instruction as a post-organizer 

(Mayer, 1976, 1979) followed by a new concept. 

Advance organizer. A primary goal of education is to 

help students develop different learning strategies to cope 

with new learning (Mayer, 1992). One of the teaching 

strategies that holds a great deal of intuitive appeal is 

the advance organizer, proposed by Ausubel (1960), which is 

explained by the ideas of cognitive psychology. Mayer and 

Bromage (1980) have suggested that the best application of 

advance organizers occurs when material is unfamiliar, 

technical, or otherwise difficult to relate to past 

experience. It also has been found that advance organizer 

can enhance the learning and retention of unfamiliar but 

meaningful material (Ausubel, 1960). 
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The advance organizer is defined as "appropriately 

relevant and inclusive introductory materials ... 

introduced in advance of learning... and presented at a 

higher level of abstraction, generality, and inclusiveness" 

(Ausubel 1968, p.148). The purpose of the organizer is "to 

provide ideational scaffolding for the stable incorporation 

and retention of the more detailed and differentiated 

material that follows" (Ausubel, 1968, p. 148). In other 

word, less stable concepts and specific informational data 

are subsumed under more stable, inclusive concepts. The 

higher level of the more stable, inclusive concepts are 

called subsumers (Ausubel, Robbins, & Blake, 1957). The 

subsumer is the mechanism that makes the learning more 

meaningful by providing the anchor to be related. 

Ausubel proposed two principal kinds of advance 

organizers by the availability of the subsumer: expository 

and comparative (Ausubel & Fitzgerald, 1961). An 

expository advance organizer is introduced prior to the 

learning of completely unfamiliar material in which no 

subsumers are available. In such cases the organizer is 

the subsumer. In the case of relatively familiar material 

with subsumers available, a comparative advance organizer 

is used to integrate and discriminate the similarities and 

differences between the incoming material and the 

appropriate subsumers. For the purpose of this study, a 

comparative advance organizer was utilized to help learners 
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understand new content. During the 1960s, Ausubel and his 

colleagues conduct a series of studies that provided both 

an empirical and theoretical basis for the effects of 

advance organizers on learning from text (Ausubel, 1960, 

1968; Ausubel & Youssef, 1963). Research results 

consistently reported favorable outcomes when analyzing the 

effect of advance organizers on various dependent measures 

(Ausubel, 1960; Ausubel & Fitzgerald, 1961; Ausubel & 

Youssef, 1963). Luiten, Ames, and Ackerson (1980) used 

meta-analysis to determine the effects of advance 

organizers by analyzing over 135 studies on learning and 

retention. The results indicate that the advance organizer 

is more effective for the college level students than 

primary or secondary grade students. Results also indicate 

that the effect of retention increases with the passage of 

time. For the main effect of learning, the average 

participant receiving the advance organizer treatment 

performed better than 58% of control subjects. Luiten et 

al. (1980) concluded that advance organizers facilitate 

learning and retention. 

In the field of computer programming instruction, 

Mayer (1975, 1976, 1978, 1980, 1983) examines the efficacy 

of several different types of advance organizers in a 

series of studies. The use of concrete models showed 

significant effect on learning and on transfer to problems 

requiring interpretation (Mayer, 1975, 1976). No 
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significant differences were found when using a labeled 

metric (Mayer, 1978). The use of model text yielded more 

significant than nonsignificant main effects (Mayer, 1980). 

Equivocal results were obtained when using labelled 

diagrams (Mayer 1983). 

Mayer and his colleagues (Mayer, 1984; Mayer & 

Bromage, 1980; Mayer, Dyck, & Cook, 1984) also found that 

when analogies are presented at the beginning of text they 

serve as advance organizers that aid in learning and 

remembering subsequently presented material. Their work 

was based on Ausubel's (1960) seminal research with advance 

organizers, which described analogies as "ideational 

scaffolding" (Ausubel, 1968, p. 148) and which provided an 

organizational framework for incorporating incoming 

information. 

Post-organizer. Mayer proposed the concept of the 

"post-organizer" (1976, 1979). A post-organizer is also an 

advance organizer, but it is presented after the learning 

material. In Mayer's research (1976), a post-organizer 

presentation was designed as a control group which has the 

same treatment exposure except that the placement position 

is different from the advance organizer. Mayer argues 

that, in traditional research, advance organizer subjects 

who received additional information were compared to the 

control subjects who did not receive additional 

information. Therefore, the results of the research 
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actually cannot be attributed to the effect of the advance 

organizer. 

In order to examine the effect of placement position 

of the advance organizer, Mayer (1976) compared data from 

four groups of subjects. The groups differed in the 

availability of an advance organizer (a concrete model of 

the computer) when asked to read the passage, and the 

availability of the post-organizer when asked to take the 

post-test. Research results indicate that subjects 

receiving the organizer when reading the passage performed 

better than subjects who did not receive the organizer when 

exposed to the passage. However, no significant results 

were obtained when comparing subjects with and without 

post-organizer during post-test. This result suggests an 

interesting notion that exposure to the advance organizer 

before learning influences the structure of learning more 

than by attempts to make the new information meaningful 

after it is acquired. 

However, Mayer's significant results concerning the 

effect of advance organizer was not supported by Halpern, 

Hansen, and Riefer's (1990) research. They hypothesized 

that presenting an analogy at the beginning of a prose 

passage (advance organizer) would improve comprehension and 

recall when compared to presentation of an analogy at the 

end of the passage (post-organizer). The results indicate 
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that before or after placement of the analogy was a 

nonsignificant variable for adults in scientific learning. 

An interesting contradictory finding in the effect of 

post-organizer was reported by Righi (1988). In Righi's 

research, an analogy-type advance organizer was constructed 

and incorporated into two lessons in BASIC programming. 

The advance organizer compared the computer and BASIC 

programming to the activities of a waitress and cook in a 

restaurant. Results of the experiment showed significant 

differences between advance organizer and post-organizer in 

favor of the post-organizer group on learning. These 

results indicated that the post-organizer was facilitative 

of the learning of general computing concepts, but not of 

factual information. The results led to the conclusion 

that a post-organizer is an effective tool for teaching 

BASIC programming concepts to primary-grade children. The 

researcher attributes this contrary result to the variable 

of age. The young subjects who were still in Piaget's 

concrete operational stage could not use an abstract 

advance organizer as a subsumer to learn new material. 

However, they may have used the post-organizer as a review 

of the concepts taught in the lesson, or as a recall aid 

during the BASIC test (Righi, 1988). 

Orienting activities is another term frequently found 

in studying the effect of the placement of pretraining. An 

orienting activity is used as a mediator through which 
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subsequent information is presented to the learner 

(Hannafin & Hughes, 1986). Orienting activities include 

advance organizers, prequestions, embedded questions, and 

statements of performance expectations. Orienting 

activities encourage greater levels of processing during 

encoding, resulting in more effective learning (Hannafin, 

Phillips, & Tripp, 1986). 

The effectiveness of orienting activities are 

inconsistent by the nature of various orienting activities. 

Research (Boyd, 1973; Erase, 1968, 1970, 1973) on the 

placement position of instructional objectives or questions 

suggest that questions or objectives located prior to text 

segments can serve as orienting stimuli which influence the 

learners' inspection of the text. On the other hand when 

the questions or objects are presented after text segments, 

they may function as a summary or review rather than an 

orienting stimuli (Bruning, 1968; Erase, 1967; Rothkopf, 

1966). 

Student Ability 

Ausubel and Fitzgerald (1961) compared expository (no 

subsumer available) and comparative organizers (a subsumer 

is available) on retention for different ability levels of 

relative knowledge. The results indicate that subjects 

with more relative knowledge benefited less from the 

comparative organizer than did subjects who have less 
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relative knowledge. Mayer and his group's series of 

studies indicate that conceptual models presented before 

instruction as advance organizers tend to enhance transfer 

performance, especially for weaker programmers (Bayman & 

Mayer, 1988; Mayer, 1975, 1976, 1981, 1985, 1987; Mayer, 

Dyck, & Bayman, 1986). Mayer suggests that high-ability 

subjects possess their own advance organizers which 

interfere with the assimilation of the new learning. 

One of the pervasive findings in the literature 

related to analogies is that there are distinct differences 

between low-ability and high-ability learners in perceiving 

and learning from analogies. As indicated by Snow and 

Lehman's (1984) study, for low-ability students, 

instructional methods should be made more "explicit, 

directed, and structured" (p.372) with conceptual models, 

whereas for high-ability students, instructional methods 

should be made more "incomplete and unstructured," without 

conceptual models to reduce the interference of mental 

models. "The meaningful model has been proved to be 

especially helpful for low ability subjects" (Mayer, 1975, 

p. 725). 

For the main effects of ability in terms of subjects' 

score on the Scholastic Aptitude Test (quantitative), 

analyses found higher performance of high-ability subjects 

(Mayer, 1978, 1980). However, no significant difference in 

performance between high- and low-ability groups was also 
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reported (Mayer & Bromage, 1980). When the interaction 

effect between ability levels and treatment was examined, 

researchers found that low-ability subjects improved more 

than did their high-ability counterparts on most post-test 

measures when an advance organizer was used during learning 

(Mayer, 1975). Similar results were obtained when 

comparing subjects using a diagram model to those using no 

model for low ability subjects on their performance. 

Mayer's (1975) research also showed marginally significant 

effects when low-ability subjects using a diagram model 

were compared to those using text explaining programming 

rules. His findings were consistent with the idea that the 

model text provides subjects with a meaningful model which 

is especially important for low ability subjects, but which 

may interfere with high-ability subjects. When the advance 

organizer was accompanied by other elaboration techniques 

such as explanation, similar results were found for low 

ability subjects (Mayer, 1980). 

Bayman and Mayer (1988) explain that students with 

high mathematics ability tend to use existing models to 

interpret learning and that a new mental model may actually 

distract their learning. However, students with low 

mathematics ability "who presumably lack expertise in 

spontaneously generating and using relevant models would 

benefit from direct instruction in how to use a relevant 

conceptual model" (p. 293). Therefore, students with 
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strong quantitative backgrounds might be able to generate 

their own mental models; by contrast, an analogy would be 

more likely to positively affect weaker students (Bayman & 

Mayer, 1988). 

Other researchers also considered that personal 

characteristics influenced success in programming. It has 

been found that quantitative, mathematical skills lead to 

success in computer science (Campbell & McCabe, 1984). 

However, the relationship between mathematics and 

programming abilities was doubted by Pea and Kurland 

(1984) . They advocated that the notion that to program one 

must be mathematically sophisticated was not correct and 

that difference might be attributed to general intelligence 

instead of mathematics ability. Therefore, "mathematical 

ability cannot be ruled out as a prerequisite to the 

mastery of certain levels of programming skills" (Pea & 

Kurland, 1984, p.156). Chee (1993) also supported that 

mathematics ability is not correlated to programming 

performance. 

Under traditional conditions, background 

characteristics of students, including programming 

experience, ability level, had a major impact on the grades 

those students received. Goodwin and Sanati (1986) argue 

that with the incorporation of psychological orientation, 

the impact of those background characteristics may 

decrease. 
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Summary 

The importance of understanding analogies is related 

to both cognitive theory-building and instructional 

pedagogy. From a theory-building perspective, the effects 

of analogies designed to improve encoding and retrieving 

must be better understood. Although educational research 

has started to play an important role in modern education, 

many studies have not been sufficiently grounded in 

cognitive strategies. This review focuses on cognitive 

psychology as the appropriate theoretical framework for 

research relating analogies and programming language 

instruction. 

In summary, this literature review has addressed 

several key issues from the research on different methods 

of computer programming language instruction and students' 

misconception about programming concepts. The value of 

analogies has been confirmed in terms of helping students 

gain correct concepts and building mental models. In 

addition, the potential relationship between analogies and 

the understanding of programming languages was explored. 

Following the discussion of analogies, the 

characteristics of analogies which may influence the 

effectiveness of analogies have been identified, the degree 

of elaboration of the analogies, different placement 

positions of the analogies, and the use of analogies for 
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different ability level learners. Research supports the 

importance of elaboration of the analogy for understanding, 

encoding and retrieval. The analogy presented before 

instruction can serve as an advance organizer. On the 

other hand, analogies can be presented after instruction as 

a post-organizer. The effectiveness of the placement 

position of the analogy was inconclusive. Research results 

also support that students with different levels of 

abilities can benefit from different kinds of analogies. 

From the review of the literature, the lack of systematic 

findings on the use of different teaching strategies 

applying to the analogy for different ability-level 

students is evident. 
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CHAPTER III 

METHODOLOGY 

The methodology for the research will be described in 

this chapter by identifying the target population, selection 

of the sample, and outlining the treatment, instruments, 

variables, research design, and procedures followed in 

detail. 

Population and Selection of Sample 

Subjects were students enrolled in a 5-week summer 

course of computing and information technology in the 

College of Education at a state university in northwest 

Texas. Data were collected in two successive summer terms. 

The total enrollment in the two sections of the computing 

and information technology course was approximately 190. 

Subjects were asked to participate voluntarily in this 

research. Among them, 13 subjects chose not to participate 

in this research because they were proctors for this course 

or they had completed the module before the research was 

conducted. Therefore, a total of 177 subjects participated 

in this research. Most of the students in this course were 

novices or had little experience with programming. 

Students' experience with computer programming languages was 

investigated on the survey questionnaire (Appendix A). 

After analyzing the questionnaire, only 156 subjects who had 
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little or no experience with programming languages were 

included in the phase of data analysis. If students had 

prior experience with the language, they obviously would 

enter the experimental situation with more knowledge. This 

would be in conflict with the proposed investigation of an 

unfamiliar domain area in this study. 

As compensation for their completion of this research, 

students who completed the research were given credit for 

the programming module (module 7) of this course without 

taking a regular test and turning in the assignment over 

that module. To control the distribution of students' 

ability in each ability level, a stratified random sampling 

was used. A median split of the SAT or ACT quantitative 

scores was used to assign subjects with scores above the 

group median to the relatively high-ability group and scores 

of the same or below in the group to the relatively average-

ability group. The SAT or ACT had been previously 

administered as part of a battery of entrance examinations 

for incoming university freshmen. Of the total sample (N = 

156), 23 subjects had no SAT or ACT scores, 70 students were 

classified as relatively average-ability group and 63 

students were classified as relatively high-ability group. 

Students in each ability group were randomly assigned to 4 

conditions (no analogies, non-elaborated analogies, 

elaborated analogies before instruction, and elaborated 

analogies after instruction). 
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The purpose of the computing and information technology 

course is to provide a practical overall introduction to 

computing in education. Students are given opportunities to 

learn through "hands-on" computer experience (Price & 

Brunson, 1986). This course has been offered since 1984 to 

meet the need of specific requirements for the teaching of 

computer literacy courses on the junior high and high school 

levels, and new teacher certification standards (Von Holzen 

& Price, 1990). However, many students who are not 

prospecture teachers take it to fulfill a computer literacy 

requirement in the university. 

One instructor taught both summer terms. This course 

was an introductory course for those who did not have a 

broad experience with computers and consisted of ten self-

paced modules which included: 

1. Introduction to computers, 

2. Word processing, 

3. Tool software, 

4. Instructional software, 

5. Database management, 

6. Electronic Spreadsheets, 

7. Computer programming and BASIC, 

8. Computer graphics, 

9. Telecommunications and electronic databases, and 

10.Computer video programs. 
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Course requirements include computer applications 

laboratory experiences as well as reading materials from the 

study guide for this course, and a series of computer-

related videos. This course is based on the mastery 

approach to learning. Mastery of a module was indicated by 

a score of 80% or higher on the module test. Each module 

test could be taken up to five times, after the reading and 

lab assignment had been completed. The sample syllabus is 

presented in Appendix B. 

The target population from which this sample was drawn 

would be university students who are novice users of 

computer programming languages. 

Treatment 

Software and Hardware 

Claris "HyperCardTM" for Apple Macintosh computers was 

chosen as the media for delivery of the lesson because it 

could be easily used to develop a CAI lesson. A total of 25 

Apple Macintosh computers (model LC II) at the Educational 

Computing Center in the College of Education were available 

for use during the research project. 

Investigation of previous research and existing CAI 

products had determined that no computer programs existed 

which adequately used analogies in teaching programming 
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concepts. Therefore, a unique CAI lesson designed by the 

researcher was used for this study. 

CAI Lesson 

Each of four CAI lessons, corresponding to the four 

treatment groups, were presented through computer-assisted 

instruction. 

The CAI lesson was created based on module 7 of a 

standard, self-instructional, handbook called "Study Guide 

for EDIT 2318," which presented an introduction to computers 

and technology. Module 7 of this study guide consisted of 

two parts. The first part covered basic concepts in the 

programming language, statement execution in the immediate 

mode and introductory information about program preparation 

of the BASIC language: PRINT, LET, INPUT, IF-THEN, IF-THEN-

ELSE, FOR-NEXT, RUN, LIST, CLS, and RND(). The second part 

covered simple programming practices. The introduction to 

the CAI lesson components is presented in Appendix C. The 

lesson objectives of the CAI program are presented in 

Appendix D. 

The groups were specifically taught the content of the 

test instrument used in data collection. This tutorial 

lesson teaches students basic concepts of a computer 

programming language and some of the commands and statements 

used in the BASIC programming language. The basic 

programming concepts covered in the lesson include the 
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difference between command mode and program mode, string 

variables and numeric variables, sequence of instructions, 

and line number in Microsoft BASIC. The commands and 

statements taught in this lesson include PRINT, LET, INPUT, 

IF-THEN, IF-THEN-ELSE, FOR-NEXT, RUN, LIST, and function 

RND( ). 

The sequence presented in this lesson is a linear 

sequence because the purpose of the study was to measure the 

effect of the different instructional strategies on 

learning. In order to make sure that everyone had the same 

experience with the lesson and that different performance 

could be attributed to the instructional strategy, every 

student in this study was forced to go through every screen. 

Each lesson began with a banner page which was 

displayed for three seconds. The differences between each 

of the CAI lessons were the degree of elaboration and 

placement of analogies used in teaching each computer 

concept. Each programming concept took about two to four 

frames of instruction. Following are manipulation of the 

variables of analogy, elaboration and the placement of the 

analogy used in this study. 

Treatment 1: No analogy group. For treatment 1, which 

served as a control group, no analogies were presented, and 

any use of analogies during the lesson was avoided. The 

following is one of the examples (Appendix E) used in 

teaching a FOR-NEXT statement: 
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In BASIC, when you want to repeat doing the same 
thing several times without having to re-run the 
program each time, you can use a FOR-NEXT loop. 

Following with this, an example illustrating how the 

programming concept works. Practice was given at the end of 

each programming concept on the computer. Students were 

asked to type the program given on the screen. The practice 

environment not only simulated the real situation in the 

Microsoft BASIC environment, but also gave students feedback 

and error messages. The error message clearly pointed out 

what was missing and also reminded the learner to press the 

return key after the correction. Students were taught one 

programming concept followed by another programming concept. 

This treatment group included 39 screens for the CAI lesson. 

One example of how screens appeared for this treatment is 

presented in Appendix E. 

Treatment 2: Non-elaborated analogy group. For 

treatment 2, the CAI lesson began with presentation of an 

analogy for each programming concept. The analogy consisted 

of one statement designed to relate the new knowledge 

(target analog) to familiar knowledge (source analog). 

Analogies were found from daily events and things such as: 

merry-go-round, dice, safety deposit box, and absent-minded 

person. The analogy was described succinctly without 

further illustration or elaboration. Using a FOR-NEXT 

statement as the example, a merry-go-round was given as a 
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source analog to help students to understand a newly 

presented FOR-NEXT concept. In treatment 2, the text 

(Appendix F) is presented in this way: 

A merry-go-round is like a FOR-NEXT loop in BASIC. 
When you want to repeat doing the same thing 
several times without having to re-run the program 
each time, you can use a FOR-NEXT loop. 

In this group, each analogy was accompanied by a 

picture which depicted graphically the information contained 

in the analogy. Analogies can be presented in verbal or 

written format and pictorial-verbal format. In the verbal 

format, the analogy is explained only by the words. In the 

pictorial-verbal format, the analogy is presented by the 

verbal and is enhanced by a print of pictures of the verbals 

(Curtis & Reigeluth, 1984). These pictures can be seen in 

Appendix F. Except for the analogy presented, the rest of 

the activities related to each programming concept were the 

same as the first treatment group. The students were given 

examples followed by practice exercises at the end of each 

programming concept. This treatment group included 42 

screens for the CAI lesson. One example of how screens 

appeared for this treatment is presented in Appendix F. 

Treatment 3: Elaborated analogies before instruction. 

For treatment 3, prior to teaching of the programming 

concepts, the CAI lesson began with presentation of an 

analogy accompanying a picture, serving as an advance 

organizer for the programming concept. The analogy was 
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fully elaborated. Students were given text to help them 

understand how the base domain (source analog) worked and 

how it was similar to the target domain (target analog). 

Using a FOR-NEXT loop as an example (Appendix G), the 

concept presented in treatment 3 is presented in this way: 

When you want a merry-go-round to make a certain 
number of rotations without pushing the button for 
each rotation, you can set up the number of 
rotations in the machine. The merry-go-round will 
then keep spinning until it finishes all of the 
rotations that you set it up to travel. In BASIC, 
a FOR-NEXT loop is like a merry-go-round. When 
you want to repeat doing the same thing several 
times without having to re-run the program each 
time, you can use a FOR-NEXT loop. 

After presenting the analogy, students were required to 

use their own words to write a paragraph which described the 

similarity between the source analog and target analog on 

the computer (e.g.. Why and how is the FOR-NEXT loop like a 

merry-go-round?). According to Jonassen (1988), 

paraphrasing is the most straightforward strategy to use to 

recall all parts of the information presented. By 

describing it in their own words, learners were required to 

assimilate the presented material to their existing 

knowledge. The CAI lesson then taught students about the 

new concept by presenting examples and asking students to 

complete a practice exercise at the end of each programming 

concept. The sequence presented in this treatment is the 

same as in treatment 2. 
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Since a total of 11 analogies was used in this CAI 

lesson and each analogy was described in great detail and 

required students to elaborate on it, 11 more screens were 

used than treatment 2 of the CAI lesson and treatment 3 used 

a total of 53 screens (elaborated analogies before 

instruction). One example of analogy appearing on screens 

for this treatment is presented in Appendix G. 

Treatment 4; Elaborated analogies after instruction. 

The content of treatment 4 is exactly the same as in 

treatment 3 except that the placement of the analogy for 

each programming concept is different. In treatment 3, the 

analogy (advance organizer) was presented prior to the 

teaching and practice of the programming concept. However, 

in treatment 4, the analogy (post-organizer) was presented 

after the teaching and practice of the programming concept. 

As in treatment 3, the analogy was fully elaborated. Each 

analogy included one picture. Students were then also 

required to use their own word to write a paragraph which 

described the similarity of the source analog and target 

analog (e.g., Why and how is the FOR-NEXT loop like a merry-

go-round?) . 

This treatment included 58 screens of the CAI lesson, 

which was 5 more screens than that in treatment 3 because of 

the paragraph arrangement. The content was exactly the same 

for both treatments. The screen appearance for this 

treatment is presented in Appendix H. 
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Instruments 

Using analogies to enhance understanding of a new 

domain is widely accepted in research on learning. However, 

little if any, attention has been paid to the use of 

analogies to learn computer languages. To study the effect 

of analogies in learning a computer language, tests which 

measure students' performance in a computer language are 

necessary. The researcher extensively searched different 

measurement books and articles and found that although 

programming tests are necessary for almost every programming 

course in every school, most of the tests are teacher-

developed tests, which are used to measure students' 

proficiency in specific aspects of programming. These tests 

are seldom published. Even though some measurement 

instruments were found, they either covered different 

content areas or had different difficulty levels and were 

not appropriate for this study. In order to overcome these 

problems, two self-developed tests were used: a concept 

recall test and an application test. These two tests were 

used twice in this study. They were used immediately after 

the treatment to measure the effects of treatment on 

students' learning on concepts and applications and used 

again two weeks later to measure the lasting effect of the 

treatment on students' retention of concepts and 

applications. In addition to these measurements of 
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cognitive acquisition, an attitude measurement was developed 

to assess the effects of treatment on students' attitude 

toward learning of a programming language. 

Concept Recall Test 

The purpose of this test was to measure students' 

understanding of fundamental constructs such as control flow 

(IF-THEN), looping (FOR-NEXT), and variables. In order to 

develop the concept recall test, a large and representative 

collection of programming language textbooks and other 

authoritative sources were assembled. Test items dealing 

with BASIC programming were systematically examined by the 

researcher to make sure the multiple-choice item writing 

rules (Haladyna & Downing, 1989) were followed. Based on 

the value of using plausible distractors, avoiding negative 

stems, avoiding "all of the above," and focusing on single 

problem rules several items were modified. Moreover, since 

subjects in this study were novices, a sufficient number of 

easy items was included to distinguish slightly experienced 

learners from novices. Those initial easy items allow for 

the differentiation of abilities that range from average to 

very low (Bracken, 1988). 

By comparing representative items with the lesson 

objectives, an initial list of 25 items was created, then, 

sent to experts for checking content validity. A group of 

four computer programming experts at Texas Tech University 
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were given a list of the content objectives (Appendix D) and 

were asked to review the test items and make individual 

recommendations for item validity and sampling validity of 

test items. Two programming experts modified only the words 

in the test items. The other two professors, however, 

recommended the deletion of 5 items and the modification of 

6 others. Following modification of the test items, the two 

programming experts who had suggested changes in the test 

were given a list of the content objectives and were asked 

to comment on the revised test items again. The experts 

recommended no additions or deletions the second time, but 

did request clear instruction for the test. Finally, a 20-

item multiple-choice test was created (Appendix I) , which 

can be assumed to possess some degree of content validity 

and face validity. 

This concept recall test was used twice, once for the 

post-test (immediately after the instruction) and once for 

the delayed test (two weeks after the instruction). This 

test took students about 10 minutes to finish. Each test 

item was designed to highlight a single concept. 

A modified Kuder-Richardson Formula 20 Reliability 

Coefficient (KR-20) was used to measure the inter-item 

consistency. The KR-20 formula was used because items were 

scored dichotomously as either correct or incorrect (Borg & 

Gall, 1989). The resulting reliability coefficient for the 
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test score was .76 for the post-test and .81 for the delayed 

test. 

Application Test 

The application test (Appendix K) asked students to 

construct five simple programs to solve five problems. The 

procedure to develop the application test was the same as 

the concept recall test. 

Subjects' responses to the application test were scored 

according to the correctness of the statement for each 

program. Each statement counted for 2 to 3 points, 

depending on the complexity of the statement. The highest 

possible score was 30 points. 

To ensure the reliability of scoring, two raters, the 

researcher and another rater, performed a rating 

independently on a random sample of 20% of subjects' 

application tests from which subjects' identification 

information were removed. The interrater correlations were 

.98 for the post-test and .96 for the delayed test on the 

application. The high correlations demonstrate high inter-

scorer reliability. 

Content validity was checked by asking 5 programming 

experts to review each application problem with the lesson 

objectives. Only minor changes were suggested by 2 experts. 

Therefore, content validity can be assumed to be at a 

satisfactory level. 
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Delayed Concept Recall Test 

The purpose of this delayed test was to measure 

students' retention or memory on concept recall. This 

retention test used the identical form of the concept recall 

test. The delayed test was administered 2 weeks after the 

initial concept recall test. 

Delayed Application Test 

The purpose of this delayed application test was to 

measure students' retention on applying the programming 

concepts learned to solve the problems provided. The 

delayed application test used exactly the same problems as 

in the application test and was administered two weeks after 

the initial application test. 

Attitude Toward Computer Programming 
Languages 

The attitude survey measured students' attitude toward 

computer programming languages (Appendix K). Twenty items 

were selected from 33 items in Lemos's Programming Attitude 

Survey (Lemos, 1979). Each item was accompanied with a 

5-point Likert scale. Items were selected which were 

applicable to individualized instruction via CAI instead of 

the classroom setting. This instrument was administered 
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after the CAI lesson and it took students about 5 minutes to 

complete. 

Face validity was confirmed by asking 2 experts in the 

programming language and 1 expert in educational psychology 

to examine the items. Internal reliability was checked 

using split-half reliability. A correlation coefficient of 

.89 was obtained. 

Variables 

Two independent variables have been identified for the 

purpose of this research. The first independent variable 

used in the data analysis was mathematics ability with two 

levels (relatively average-ability and relatively high-

ability) . Treatment with four variations (no analogies, 

non-elaborated analogies, elaborated analogies before 

instruction, and elaborated analogies after instruction) was 

the second independent variable of interest. 

Five dependent variables were identified in this study. 

They were student performance on measures of concept recall, 

application, retention of concept, retention of application, 

and attitude toward a programming language. 

Research Design 

The research design can be drawn as a 2 X 4 design as 

presented in Figure 1. 
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Relatively 
average-
ability 

Relatively 
high-
ability 

Analogies 

Elaboration 

No Non- Before After 
analogies elaborated instruction instruction 

Figure 1 

A 2 by 4 Research Design 

Procedures 

The research was performed in two summer terms as a 

required module activity and took place during reserved lab 

hours. In order to maximize involvement, students were 

encouraged to try their best. The procedures of this study 

could be divided into four sections. Identical procedures 

were followed in both summer terms. 

First, at the beginning of the summer term, the 

researcher briefly explained the nature of the research 

project to the students and asked for volunteers to 

participate in this study. Students participating in this 

research were given credit for the programming module 
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without taking a regular test over that module. Subjects 

were requested to complete a survey questionnaire (Appendix 

A) and signed up for a time to complete the lesson. In the 

survey questionnaire, students' knowledge about the 

programming language, gender, age, and SAT or ACT verbal and 

quantitative scores were obtained. Five to eight minutes 

were allotted for the questionnaire. 

Second, after obtaining students' basic information 

from the survey questionnaire, the median of the SAT or ACT 

quantitative scores was calculated and students were 

categorized as average- or high-ability level according to 

their SAT or ACT quantitative scores. Under each ability 

level, students were then randomly assigned to different 

treatment group. 

Third, one week later, when subjects arrived for the 

experiment, they were asked to complete their respective CAI 

lesson at their own pace in the computer lab. There was no 

limit to the time subjects were allowed to complete this CAI 

lesson. Participants completed the CAI lesson in times 

ranging from approximately 20 to 60 minutes. The time 

needed to type a paragraph during the elaboration period for 

the analogy was also collected. On completion of the CAI 

lesson, students raised their hand. Following the lesson on 

the computer, measurement instruments were given using a 

pencil and paper. Students first answered a questionnaire 
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which measured the student's attitude toward programming. 

Then, concept recall was measured with the 20-item 

multiple-choice examination. An application post-test was 

administered by asking students to write five short 

programs. Again, there was no time limit on subjects. The 

testing session lasted 20 minutes on average. 

Fourth, two weeks after the completion of the lesson, 

subjects were required to take a delayed concept recall test 

and a delayed application test to measure retention of the 

programming concepts and retention of application. The 

delayed tests were administered in the regular classroom. 

The detailed time schedule was as follows (Figure 2). 

[o] — > 1 wk < — [xo] —> 2 wks delay < — [o] 

1. Questionnaire 1. Attitude 
survey questionnaire 

2. Signing up 
time for 
treatments 

2. Concept recall 
test 

3. Application test 

1. Delayed 
concept recall 
test 

2. Delayed 
application 
test 

Figure 2. 

Detailed time schedule 
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CHAPTER IV 

RESULTS 

Analyses were made in order to assess differences in 

cognitive and affective outcomes of varying levels of 

presentation of analogies and elaboration across different 

ability levels in a computer-based learning environment. 

Four levels of the treatment (no analogies, non-elaborated 

analogies, elaborated analogies before instruction, and 

elaborated analogies after instruction) and two levels of 

mathematics ability (average and high) in terms of SAT or 

ACT quantitative scores were the independent variables used 

for statistical analyses. Four cognitive outcomes (concept 

recall, application, retention of concept, and retention of 

application) and one affective outcome (attitude toward a 

programming language) represented the five dependent 

measures reflecting the effects of treatment. Possible 

treatment effects for each ability level were also 

investigated. SPSS system (SPSS Inc., 1990) software was 

used to analyze the data. V'̂ -p 

This chapter begins with descriptive statistics for the 

sample, and then presents the hypothesis testing for each of 

the ten research hypotheses outlined in Chapter I. 
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statistics 

Demographic Information 

The sample was composed of two classes of college 

students enrolled in an introduction to computers and 

technology course during the first summer session or the 

second summer session in 1993 at a large northwestern 

university in Texas. All participants received credit for 

one out of ten modules in this course regardless of their 

performance. Participation complied with the University 

policy on the use of human subjects for experimentation. 

Since the investigation was related to programming 

learning for novices, the subjects were questioned about 

their computer experience. Of the 177 subjects, 21 subjects 

reported themselves to be experienced computer users. 

Students who were experienced in programming were excluded 

from the data analysis. The rest of the 156 subjects were 

selected since they reported themselves as computer novices 

on the questionnaire (Appendix A). Among these subjects, 2 3 

subjects who did not have SAT or ACT scores were also 

eliminated from the data analysis for hypotheses related to 

ability levels. Specifically, the sample size was 156 for 

the main effect of treatment (hypotheses 1, 2, and 3) and 

133 for the main effect of ability (hypothesis 4) and for 

each ability level across different treatment (hypotheses 5, 

6, 7, 8, 9, and 10). 
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The group median was 450 or 18 for the SAT quantitative 

scores or ACT mathematics scores, respectively. Subjects 

with the same or less than the median scores were assigned 

to the relatively average-ability group. Subjects with 

scores above the group median were assigned to the 

relatively high-ability group. Subjects in each ability 

group were randomly assigned to 4 treatment groups. Of the 

relatively average-ability group, the cell sizes were: no 

analogies (n = 17), non-elaborated analogies (n = 16), 

elaborated analogies before instruction (n = 20), and 

elaborated analogies after instruction (n = 17). Of the 

relatively high-ability group, the cell sizes were: no 

analogies (n = 16), non-elaborated analogies (n = 14), 

elaborated analogies before instruction (n = 16), and 

elaborated analogies after instruction (n = 16). 

For the main effect of the treatment, the group size 

without considering ability level was no analogies (n = 40), 

non-elaborated analogies (n = 38), elaborated analogies 

before instruction (n = 39), and elaborated analogies after 

instruction (n = 39). The total sample size for the 

treatment effect was 156. For the main effect of the 

ability level, the group size for the relatively average-

ability level group was 70 and 63 for the relatively high-

ability level. The total sample size for the ability level 

was 133 because subjects (n =23) without SAT or ACT scores 

were eliminated from the ability comparison. 
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Of the 156 students, 59 were male and 97 were female. 

Their ages ranged from 17 to 46 years with a mean age of 22. 

Table 1 presents the demographic information for each 

treatment group in detail. Demographic information is 

presented in Table 2 for students classified as average-

ability and high-ability. 

Correlations Between Dependent Measures 

The strength of the relationship between the major 

dependent measures was obtained as follows. 

1. Statistically significant, positive correlations 

existed between post- and delayed measurements of the 

concept recall test (r = .74, p < .0001) and the application 

test (r = .79, P < . 0001). 

2. Post-assessment measures between concept recall test 

and application test were positively correlated (r = .70, p 

< .0001). Delayed-assessment measures between concept 

recall test and application test were also positively 

correlated (r = .70, p < .0001). 

3. Statistically significant, positive correlations 

existed between experience (only subjects with little or no 

experience were included) and every cognitive assessment 

measure: concept recall test (r = .1668, p < .037), 

application test (r = .25, p < .002), delayed concept recall 

test (r = .29, p < .0001), and delayed application test ( r 

= .17, p < .033) . 
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Table 1 

Demographic information by treatment group 

Sex 

Male 

Female 

Age 

17-22 

23-28 

over 29 

Classification 

Freshman 

Sophomore 

Junior 

Senior 

Graduate 

Ability 

Average 

High 

Missing 

SAT Quan. (Mean) 

13 

27 

30 

17 

16 

bl b2 b3 
(n=40) (n=38) (n=39) 

14 

24 

25 

16 

15 

12 

27 

22 

20 

16 

b4 
(n=39) 

20 

19 

26 

6 

4 

4 

6 

12 

12 

6 

9 

4 

7 

5 

9 

11 

6 

13 

4 

1 

6 

13 

18 

1 

9 

4 

4 

6 

14 

13 

2 

17 

16 

425.60 452.40 459.00 459.63 

Note. bl = No analogies group 
b2 = Non-elaborated analogies group 
b3 = Elaborated analogies before instruction 
b4 = Elaborated analogies after instruction 
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Table 2 

Demographic data by ability levels 

Relatively 
Average 
(n=70) 

Relatively 
High 
(n=63) 

Sex 

Male 

Female 

Age 

17-22 

23-28 

Over 29 

Classification 

Freshman 

Sophomore 

Junior 

Senior 

Graduate 

Treatment group 

Group 1 

Group 2 

Group 3 

Group 4 

SAT quan. (Mean) 

25 

45 

53 

15 

2 

10 

10 

19 

26 

5 

17 

16 

20 

17 

394.43 

25 

38 

46 

17 

0 

4 

10 

20 

22 

7 

16 

15 

16 

16 

523.26 
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4. No statistically significant correlations were 

identified between the time spent and assessment measures of 

the concept recall test (r = .02, p < .77), application test 

(r = , .15, p < .07), or delayed concept recall test (r = 

-.12, p < .15). However, the assessment measure of the 

delayed concept recall test was negatively related to time 

spent (r = -.16, p < .05). 

5. No statistically significant correlations were 

identified between reviewing and assessment measures of 

concept recall (r = .04, p < .59), application (r = -.03, p 

< .69), delayed concept recall test (r = .03, p < .76), or 

delayed application test (r = -.02, p < .84). 

Testing of Assumptions 

The multivariate analysis for the variable of concept 

recall, application, retention of concept, and retention of 

application were conducted only after several preliminary 

analyses were performed to examine assumptions of 

multivariate analysis to ensure the appropriateness of this 

procedure. First, correlations among the four dependent 

variables were examined by a Bartlett test of sphericity. A 

rejection of null hypothesis in the test (p < .001) 

indicates that the four dependent variables were correlated 

so the multivariate analysis was an appropriate procedure. 

Secondly, a normal probability plot was used to assess 

normality of the distribution of dependent variables. A 
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normal distribution was observed for each of the dependent 

variables, implying that the assumption of normality is met. 

Thirdly, the assumption of homogeneity of the variance was 

assessed by univariate methods of Cochrans-C test and 

Bartlett-Box F test, and the assumption of homogeneity of 

pooled variance-covariance matrix was assessed by 

multivariate method of Box's M test. The null hypotheses of 

homogeneity of variance and variance-covariance matrix were 

retained. 

Hypothesis Testing 

The main effects of ability, treatment and the 

treatment effect for each ability level were investigated 

for this research. For the main effects of ability, 

multivariate analysis of variance (MANOVA) followed by 

univariate analysis of variance (ANOVA) was conducted. In 

order to investigate the effect of the analogy, elaboration, 

and placement of the analogy, planned comparisons were 

performed to compare the combined means of the groups for 

the main treatment effect. In addition, the treatment 

effect was investigated under each ability level. 

To investigate the treatment effect, multivariate 

planned comparisons were followed by univariate planned 

comparisons. Since the dependent variables of concept 

recall and application were administered at the same time as 

the post-test, these two variables were placed together for 
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one multivariate planned comparison followed by two 

univariate planned comparisons for each dependent variable. 

The same procedures were followed for the dependent 

variables of delayed concept recall and delayed application 

which were administered after two weeks. Another univariate 

planned comparison was performed to investigate the 

dependent variable of attitude. 

To determine the treatment effect on different ability 

levels, students were first split by their ability levels. 

For each ability level, multivariate planned comparisons 

were calculated and followed with univariate planned 

comparisons as for the main effect of treatment. The 

statistical methods used were median split, multivariate 

planned comparison, and univariate planned comparisons. 

Three orthogonal contrasts were conducted for the main 

treatment effect and for each treatment effect at each 

ability level. To investigate the effect of the analogy, 

the first orthogonal contrast compared the control group 

without analogies and the combination of the other three 

groups with analogies. To investigate the effect of the 

elaboration, the second orthogonal contrast compared the 

second group with non-elaborated analogies and the other two 

groups with elaborated analogies. Finally, to investigate 

the effect of the placement of the analogy, the third 

orthogonal contrast compared the third group with the 

elaborated analogies presented before instruction and the 
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last group with the elaborated analogies presented after 

instruction. 

Planned comparisons are much like post hoc comparisons 

in that they compare specific pairs of means or combinations 

of means. The main differences are that planned comparisons 

are defined before the study. The requirement of planned 

comparisons is that the hypotheses must be based on strong 

theory and/or empirical evidence (Shavelson, 1988). 

Applying these requirement to the research, the researcher 

wanted to determine if there were significant differences 

between or among the specific group means to determine if 

the theories being tested were supported. The advantage of 

doing planned comparisons was that they were more powerful 

for statistically testing for differences between three or 

more means than the data-snooping permitted by post hoc 

comparisons (Shavelson, 1988). The orthogonal comparisons 

compared in this study are presented in Table 3. 

Independent variables: 

Ability, 2 levels 

al: Average, 

a2: High; 
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Treatment, 4 levels 

bl= no analogies, 

b2= non-elaborated analogies, 

b3= elaborated analogies before instruction, 

b4= elaborated analogies after instruction. 

Table 3 

Planned Comparisons for the Study 

Levels of A: (al) (a2) 

Levels 
of B: (bl) (b2) (b3) (b4) (bl) (b2) (b3) (b4) 

Compar
isons 

1. -3 +1 

2. 0 - 2 

3. 0 0 

4. -3 +1 

5. 0 -2 

6. 0 0 

7. 0 0 

8. 0 0 

9. 0 0 

+1 

+1 

- 1 

+1 

+1 

- 1 

0 

0 

0 

+1 

+1 

+1 

+1 

+1 

+1 

0 

0 

0 

•3 

0 

0 

0 

0 

0 

•3 

0 

0 

+1 

-2 

0 

0 

0 

0 

+1 

-2 

0 

+1 

+1 

-1 

0 

0 

0 

+1 

+1 

-1 

+1 

+1 

+1 

0 

0 

0 

+1 

+1 

+1 
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Hypothesis 1 

Analysis. CI = Uĵ ^ - (UJ32+UJ33+UJ34)/3 = 0. The purpose 

of this hypothesis was to investigate the possible 

facilitative effects of the analogy. That is, would the 

acquisition of programming languages be different if the no 

analogy group was compared to analogy groups (non-elaborated 

analogies, elaborated analogies before instruction, and 

elaborated analogies after instruction)? 

The facilitative effects investigated in this 

hypothesis were measured using four cognitive outcomes: 

concept recall (measured by concept recall test), 

application (measured by application test), retention of 

concept (measured by delayed concept recall test) and 

retention of application (measured by the delayed 

application test). Multivariate planned orthogonal contrast 

followed by univariate planned orthogonal contrast was used 

to contrast the difference between a group without analogies 

and groups with different levels of analogies to measure the 

effect of the analogy. 

Results: Concept recall and application test. When the 

planned orthogonal contrast was performed to compare the no 

analogy group to the combined means of analogy groups, the 

results indicated that the mean of no analogy group was 

significantly lower than the combination of the other three 

analogy groups on the multivariate dependent variable of 

concept recall and application. A significant effect was 
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also found for the univariate dependent variable of the 

concept recall, but not for application. The means for the 

no analogy group and the combination of three analogy groups 

were 15.38 and 16.59, respectively, for concept recall, and 

16.73 and 18.49, respectively, for application. Table 4 

presents the detailed performance mean score comparison 

among the four groups. Results of the orthogonal contrast 

are listed in Table 5. 

Results: Retention of concept recall and retention of 

application. The planned orthogonal contrast was further 

explored for dependent variables of retention of concept 

recall and retention of application (see Table 6). The 

contrast between the no analogy group versus the analogy 

groups was nonsignificant for the multivariate dependent 

variables of delayed concept and delayed application. The 

contrast also showed no significance for the univariate 

dependent variable of the delayed concept and the univariate 

dependent variable of the delayed application test. The 

means for the no analogy group and the combination of three 

analogy groups were 14.00 and 14.69, respectively, for 

delayed concept recall, and 17.23 and 18.49, respectively, 

for the delayed application. For the detailed mean and 

standard deviation scores for each treatment group, please 

refer to Table 4. 
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Table 4 

Means/standard deviations of cognitive variables by 
treatment 

Dependent bl b2 b3 b4 
Variable (n=40) (n=38) (n=39) (n=39) 

Concept Recall 

Mean 15.38 16.42 16.77 16.59 

SD (2.91) 2.91) (2.60) (2.50) 

Application 

Mean 16.73 19.03 18.23 18.21 

SD (7.46) (8.20) (7.58) (8.16) 

Ret. of concept 

Mean 14.00 14.60 14.69 14.77 

SD (3.22) (3.33) (3.50) (3.44) 

Ret. of Appli. 

Mean 17.23 19.42 18.72 17.33 

SD (8.04) (7.07) (8.16) (8.36) 
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Table 5 

The planned orthogonal contrasts (no analogies vs. non-
elaborated analogies, elaborated analogies before, and 
elaborated analogies after) on concept recall and 
application 

Source DF MS 

Concept and application 

Between 2 3.15 0.046 

Within (error) 151 

Concept 

Between 1 44.15 5.89 0.02 

Within (error) 

Application 

Between 1 92.38 1.49 0.22 

Within (error) 

1 

152 

1 

152 

44.15 

7.49 

92.38 

61.67 
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Table 6 

The planned orthogonal contrasts (no analogies vs. non-
elaborated analogies, elaborated analogies before, and 
elaborated analogies after) on delayed concept and 
delayed application 

Source DF MS 

Delayed concept and 
delayed application 

Between 2 0.62 0.54 

Within (error) 151 

Delayed concept 

Between 1 12.89 1.24 0.27 

Within (error) 

Delayed application 

Between 1 47.65 0.76 0.38 

Within (error) 

1 

152 

1 

152 

12.89 

11.38 

47.65 

62.82 
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Subhvpothe sis l.i 

Analysis. Subhypothesis l.l stated that there is no 

significant difference between instruction with no analogies 

and instruction with analogies (non-elaborated analogies, 

elaborated analogies before instruction, and elaborated 

analogies after instruction) on a measure of students' 

attitude toward a programming language. The hypothesis was 

tested using an orthogonal contrast. 

Results: Attitude toward a programming language. The 

mean scores of attitude for each treatment group are 

presented in Table 7. The results of the orthogonal 

contrast show no significant differences on the contrast 

between the no analogy group (M = 3.29) versus the analogy 

groups (M = 3.26) on a measure of students' attitude toward 

learning a programming language (see Table 8). 

Table 7 

Means/standard deviations of attitude by treatment 

b2 b3 b4 
(n=38) (n=39) (n=39) 

Dependent 
Variable 

Attitude 

Mean 

SD 

bl 
(n=40) 

3.29 

.54 

3.23 3.26 3.29 

.60 .51 .55 
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Table 8 

The planned orthogonal contrast (no analogies vs. non-
elaborated analogies, elaborated analogies before, and 
elaborated analogies after) on students' attitude 
toward a programming language 

Source DF MS 

Between 1 0.34 1.11 0.29 

Within (error) 152 0.31 

Hypothesis 2 

Analysis. C2 = Uĵ 2 ~ (̂ b3'''̂ b4̂ /̂  ̂  *̂ "̂ ^̂  second 

hypothesis stated that there is no significant difference 

between instruction with non-elaborated analogy group and 

elaborated analogy groups (elaborated analogies before 

instruction and elaborated analogies after instruction) on 

student performance on a measure of concept recall, 

application, retention of concept and retention of 

application of a computer programming language. The 

multivariate planned comparisons followed by univariate 

planned comparison were conducted for concept recall and 

application and for delayed concept recall and delayed 

application. 

Results: Concept recall and application. The results 

of the orthogonal contrast for hypothesis 2 indicated no 

significant difference between the non-elaborated analogy 
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group and the elaborated analogy groups on the multivariate 

dependent variables of concept recall and application and on 

the univariate variables of the concept recall or 

application at the alpha level of .05 (see Table 9). The 

means for the non-elaboration group and the combination of 

two elaboration groups were 16.42 and 16.68, respectively, 

for the concept recall, and 19.03 and 18.22, respectively, 

for application. Detailed mean comparisons for each group 

are presented in Table 4. 

Table 9 

The planned orthogonal contrasts (non-elaborated analogies 
vs. elaborated analogies before or after instruction) on 
concept recall and application test 

Source DF MS 

Concept and application 

Between 2 0.83 0.44 

Within (error) 151 

Concept 

0.23 0.63 Between 

Within (error) 

Application 

Between 

Within (error) 

1 

152 

1 

152 

1.71 

7.49 

16.70 

61.67 

0.20 0.60 
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Results; Retention of concept and retention of 

application. The results of the orthogonal contrast 

indicated no significant difference for the contrast between 

the non-elaborated analogy group and the elaborated analogy 

groups on the multivariate dependent variables of the 

delayed concept recall and delayed application test. The 

univariate planned comparison also showed nonsignificance 

for the dependent variable of delayed concept and delayed 

application. The results are presented in Table 10. The 

means for the non-elaboration group and the combination of 

two elaboration groups were 14.60 and 14.69, respectively, 

for the concept recall, and 19.40 and 18.03, respectively, 

for the application. The means for each group are the same 

as hypothesis 1 presented in Table 4. Thus, there is no 

evidence to reject null hypothesis 2 for the effect of 

elaboration. 

Subhypothesis 2.1 

Analysis. Subhypothesis 2.1 stated that there is no 

significant difference between the non-elaborated analogy 

group and the elaborated analogy groups (before and after 

instruction) on a measure of students' attitude toward a 

programming language. This hypothesis was tested using a 

planned orthogonal contrast. 
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Table 10 

The planned orthogonal contrasts (non-elaborated analogies 
vs. elaborated analogies before, and elaborated analogies 
after instruction) on delayed concept and delayed 
application 

Source DF MS 

Delayed concept and 
delayed application 

Between 2 1.02 0.3 6 

Within (error) 

Delayed concept 

Between 1 0.40 0.04 0.85 

2 

151 

1 

152 

1 

152 

0.40 

11.38 

49.75 

62.82 

Within (error) 

Delayed application 

Between 1 49.75 0.79 0.38 

Within (error) 
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Results; Attitude toward a programming language. The 

result of the orthogonal contrast (see Table 11) showed no 

significant difference on the contrast between the non-

elaborated analogy group (M = 3.23) versus the elaborated 

analogy groups (M = 3.28) on a measure of students' attitude 

toward a programming language. For the detailed mean score 

comparison for each group, please refer to Table 7. 

Table 11 

The planned orthogonal contrast (non-elaborated analogies 
vs. elaborated analogies before or after instruction) on 
students' attitude toward a programming language 

Source DF MS F P 

Between 1 0.05 0.18 0.68 

Within (error) 152 0.31 

Hypothesis 3 

Analysis. C3 = Uĵ 3 - Uĵ ^ = 0. Hypothesis 3 

investigated the effects of the placement of the analogy 

(before instruction group vs. after instruction group) on 

four cognitive outcomes; concept recall, application, 

retention of concept recall, and retention of application. 
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As in hypotheses 1 and 2, this hypothesis was also tested 

using the orthogonal contrast. 

Results: concept recall and application test. The 

results of the orthogonal test for the hypothesis 3 showed 

that the contrast between elaborated analogies before 

instruction versus elaborated analogies after instruction 

was not significant for either the multivariate dependent 

variables or univariate dependent variables of concept 

recall and application. Results of the orthogonal contrast 

are listed in Table 12. The means for the before group and 

the after group were 16.77 and 16.59, respectively, for 

concept recall, and 18.23 and 18.21, respectively, for 

application. 

Results: Retention of concept recall and retention of 

application. For the delayed tests of concept recall and 

application, the orthogonal contrast showed that no 

significant difference existed between the elaborated 

analogies before instruction group and the elaborated 

analogies after instruction group. Results are listed in 

Table 13. The means for the before group and the after 

group were 14.69 and 14.77, respectively, for concept 

recall, and 18.72 and 17.33, respectively, for application. 
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Table 12 

The planned orthogonal contrasts (elaborated analogies 
before instruction vs. elaborated analogies after 
instruction) on the concept recall and application test 

Source DF MS 

Concept and application 

Between 2 0.08 0.93 

Within (error) 151 

Concept 

Between 1 0.63 0.08 0.77 

Within (error) 152 7.49 

Application 

Between 1 0.01 0.0002 0.99 

Within (error) 152 61.67 
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Table 13 

The planned orthogonal contrasts (elaborated analogies 
before instruction vs. elaborated analogies after 
instruction) on the delayed concept and delayed application 
tests 

Source DF MS 

Delayed concept and 
delayed application 

Between 

Within (error) 

Delayed concept 

Between 

Within (error) 

Delayed application 

Between 

Within (error) 

2 

151 

1 

152 

0.12 

11.38 

0.69 

0.01 

0.50 

0.92 

1 

152 

37.38 

62.82 

0.60 0.44 
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Subhypothesis 3.1 

Analysis. Subhypothesis 3.1 stated that there is no 

significant difference between elaborated analogies before 

instruction and elaborated analogies after instruction on a 

measure of students' attitude toward a programming language. 

The planned orthogonal contrast was conducted to compare the 

effect of the placement of elaborated analogies (before vs. 

after). 

Results: Attitude toward a programming language. The 

result (see Table 14) of the orthogonal contrast found no 

significant difference when the elaborated analogies 

presented before the instruction (M = 3.26) were compared to 

the elaborated analogies presented after the instruction (M 

= 3.29) on the attitude measure. 

Table 14 

The planned orthogonal contrast (elaborated analogies before 
instruction vs. elaborated analogies after instruction) on 
students' attitude toward a programming language 

Source DF MS F P 

Between 1 0.02 0.07 0.68 

Within (error) 152 0.31 
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Hypothesis 4 

Analysis. C4 = u^^ - u^2 = 0- Hypothesis 4 stated 

that there is no significant difference between average-

ability students and high-ability students on performance on 

a measure of concept recall, application, retention of 

concept, or retention of application of a computer 

programming language. This hypothesis was tested by 

multivariate analysis of variance (MANOVA) with concept 

recall and application as dependent variables and ability 

level as the independent variable. Univariate analysis of 

variance (ANOVA) were used to investigate the effects of 

ability on concept recall and application respectively. The 

same statistical analyses (MANOVA followed by ANOVA) were 

conducted for the dependent variables of retention of 

concept recall and retention of application. 

Results: Concept recall and application test. The 

results of the MANOVA (see Table 15) indicated a significant 

difference between relatively average-ability and relatively 

high-ability groups on the multivariate dependent variables 

of the concept recall and application (significant based on 

Wilks' Criterion, F (2,130) = 14.39, p < .001). Significant 

results were also found on the univariate dependent 

variables of concept recall (F(l,131) = 16.71, p < .001) and 

application (F(l,131) = 28.37, p < .001). For concept 

recall, the means were 15.59 for the average-ability group 

and 17.38 for the high-ability group. For the application, 
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the mean scores were 15.61 for average-ability group and 

22.14 for high-ability group. Table 16 presents the 

detailed mean score comparison between two ability levels 

Table 15 

MANOVA for concept recall and application 

Source DF MS 

Concept and application 

Between 

Within (error) 

Concept 

Between 

Within (error) 

Application 

Between 

Within (error) 

13p 

1 

131 

1 

131 

106.86 

6.40 

1413.26 

49.82 

14.39 001 

16.71 001 

28.37 001 
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Table 16 

Mean score comparison for concept recall and application 
by ability levels 

n Mean SD 

Concept recall 

Average 70 15.89 2.61 

High 63 17.38 2.43 

Application 

Average 70 15.61 7.26 

High 63 22.14 6.83 
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Results: Delayed concept recall and delayed 

application. The results of the MANOVA (see Table 17) 

showed a significant difference between relatively average-

ability and relatively high-ability group on the 

multivariate dependent variables of delayed concept recall 

and delayed application (significant based on Wilks' 

Criterion, F(2,130) = 13.40, p < .001). Significant results 

were also found on the univariate dependent variables of 

delayed concept recall (F(l,131) = 24.67, p < .001) and 

application (F(l,131) = 18.11, p < .001). For concept 

recall, the means were 13.70 for average-ability group and 

16.24 for high-ability group. For application, the mean 

scores were 16.11 for average-ability group and 21.64 for 

high-ability group. Table 18 presents the detailed mean 

score comparison between these two ability levels. 

Subhypothesis 4.1 

Analysis. This subhypothesis stated that there is no 

significant difference between average-ability students and 

high-ability students on a measure of students' attitude 

toward a computer programming language. The univariate 

analysis of variance (ANOVA) was performed on the dependent 

variable of attitude. 

Results: Attitude toward a programming language. The 

results of the ANOVA (see Table 19) found no significant 

difference when the relatively average-ability (M = 3.29, 
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Table 17 

MANOVA for delayed concept recall and delayed application 

Source DF MS 

Delayed concept and 
delayed application 

Between 13.40 .001 

Within (error) 130 

Concept 

Between 

Within (error) 

1 

131 

213.60 24.67 .001 

8.66 

Application 

Between 

Within (error) 

1 

131 

1010.57 18.11 .001 

55.80 
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Table 18 

Mean score comparison for delayed concept and 
delayed application by ability levels 

n Mean SD 

Delayed concept recall 

Average 70 

High 63 

Delayed application 

Average 70 

High 63 

1 3 . 7 0 

1 6 . 2 4 

1 6 . 1 1 

2 1 . 6 4 

3 . 1 6 

2 . 6 7 

7 . 6 6 

7 . 2 5 

Table 19 

ANOVA for attitude toward a programming language for 
different ability levels 

Source DF MS F P 

Between 1 .08 0.26 0.61 

Within (error) 131 .30 
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SD = .55) was compared with the relatively high-ability 

group (M = 3.33, SD = .55). 

Three similar orthogonal comparisons (as discussed in 

hypotheses 1, 2, and 3) were also conducted for each of the 

ability levels to test the effects of analogy, elaboration, 

and placement of elaboration on the dependent variables on 

concept recall, application, retention of concept recall, 

and retention of application. 

The three orthogonal contrasts for each ability level 

were; (1) no analogy group versus analogy groups (non-

elaborated analogies, elaborated analogies before 

instruction, and elaborated analogies after instruction); 

(2) non-elaborated analogy group versus elaborated analogy 

groups (elaborated analogies before instruction and 

elaborated analogies after instruction); and (3) elaborated 

analogies before instruction group versus elaborated analogy 

after instruction group. 

Hypothesis 5 

Analysis. C5 = u^^^l " (^alb2-^^alb3+^alb4)/^ = 0- The 

purpose of this hypothesis was to investigate the possible 

facilitative effects of the analogy for relatively average-

ability students. This hypothesis stated that there is no 

significant difference between no analogy group and analogy 

groups on concept recall, application, retention of concept, 

and retention of application. 
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Results: Concept recall and application test. This 

contrast investigated the effect of the analogy for 

relatively average-ability students. Results (see Table 20) 

showed no significant difference for the multivarite 

variables of the concept recall and application. The 

univariate orthogonal contrast indicated no significant 

difference for concept recall and application. However, 

concept recall was approachly significant (F(l,66) = 3.18, p 

< .08). For the average-ability students, the means for the 

no analogy group and the combination of three analogy groups 

were 14.59 and 15.86, respectively, for the concept recall, 

and 14.35 and 16.03, respectively, for the application. The 

detailed mean comparisons for average-ability level are 

presented in Table 21. 

Results: Retention of concept recall and retention of 

application. The contrast between the no analogy group 

versus the analogy groups for relatively average-ability 

students was not significant for either the multivariate 

dependent variables (F(2,65) = .12, p < .88) or the 

univariate dependent variable of delayed concept (F(l,66) = 

.25, p < .62) or delayed application (F(l,66) = .13, p < 

.72). The detailed mean score comparisons are presented in 

Table 21. 
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Table 20 

The planned orthogonal contrast (no analogies vs. non-
elaborated analogies, elaborated analogies before, and 
elaborated analogies after) for relatively average-
ability students on concept recall and application 

Source DF MS 

Concept and application 

Between 1.68 0.19 

Within (error) 65 

Concept 

Between 20.64 3.18 0.08 

Within (error) 66 6.50 

Application 

Between 36.16 0.66 0.42 

Within (error) 66 54.57 
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Table 21 

Mean score comparisons on cognitive performance for 
relatively average-ability level 

Treatment 

Dependent bl b2 b3 b4 
variable (n=17) (n=16) (n=20) (n=17) 

Concept recall 

Mean 14.59 15.00 16.45 16.12 

SD (2.48) (3.37) (2.01) (2.29) 

Application 

Mean 14.35 16.13 15.85 16.12 

SD (6.88) (9.45) (6.58) (6.53) 

Delayed concept 

Mean 13.35 13.63 13.85 13.94 

SD (2.94) (3.65) (3.17) (3.15) 

Delayed application 

Mean 

SD 

15.53 17.00 16.45 15.47 

(7.89) (7.98) (7.70) (7.67) 
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Hypothesis 6 

^n^^y^is. C2 = û it,2 - (̂ alb3-̂ âlb4)/2 = 0- This 

hypothesis stated that there is no significant difference 

between instruction with non-elaborated analogies and 

elaborated analogies for relatively average-ability students 

on concept recall, application, retention of concept, and 

retention of application. The multivariate planned 

comparisons were conducted for concept recall and 

application and for delayed concept recall and delayed 

application followed by univariate planned comparison. 

Results: Concept recall and application. This contrast 

investigated the effect of the elaboration for relatively 

average-ability students. The contrast (see Table 22) 

produced no significant results for the multivariate 

dependent variables of concept recall and application and 

for the univariate dependent variables of concept cecall and 

application. However, both the multivariate dependent 

variables (F(2,65) = 2.62, p < .08) and the univariate 

dependent variable of concept recall (F(l,66) = 2.83, p < 

.10) were approachly significant. The means for the non-

elaboration group and the combination of two elaboration 

groups were 15.00 and 16.29, respectively, for the concept 

recall, and 16.13 and 15.99, respectively, for the 

application. To see the detailed means for each group, 

please refer to Table 21 in hypothesis 5. 
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Table 22 

The planned orthogonal contrast (non-elaborated analogies 
vs. elaborated analogies before, and elaborated analogies 
after instruction) for relatively average-ability 
students on concept recall and application 

Source DF MS 

Concept and application 

Between 2 2.62 0.08 

Within (error) 65 

Concept 

Between 1 18.37 2.83 0.10 

Within (error) 

Application 

Between 1 0.22 0.00 0.95 

Within (error) 

1 

66 

1 

66 

18.37 

6 .50 

0 .22 

54 .57 
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Results; Retention of concept recall and retention of 

application. The contrast between the non-elaborated group 

and elaborated groups for relatively average-ability 

students showed no significance for either the multivariate 

dependent variables (F(2,65) = .43, p < .66) or the 

univariate dependent variable of delayed concept recall 

(F(l,66) = .08, p < .78) or delayed application (F(l,66) = 

.20, p < .66). The detailed mean score comparisons are 

presented in Table 21. 

Hypothesis 7 

Analysis. C3 = û-ĵĵ3 - u^^j^^ = 0. Hypothesis 7 

investigated the effects of the placement of the analogy 

(before instruction group vs. after instruction group) for 

relatively average-ability students on four cognitive 

outcomes: concept recall, application, retention of concept 

recall, and retention of application. As before, this 

hypothesis was also tested using the orthogonal contrast. 

Results: Concept recall and application. For 

relatively average-ability students, no significant 

differences were identified on the contrast between before 

group and after group for the multivariate dependent 

variable (F(2,65) = .20, p < .82) or univariate dependent 

variable of concept recall (F(l,66) = .16, p < .69) and 

application (F(l,66) = .01, p < .91). The means for the 

before group and the after group were 16.45 and 16.12, 
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respectively, for concept recall, and 15.85 and 16.12, 

respectively, for the application. 

Results: Retention of concept recall and retention of 

application. The contrast between the non-elaborated group 

and elaborated groups for relatively average-ability 

students showed no significance for either the multivariate 

dependent variables (F(2,65) = .43, p < .66) or the 

univariate dependent variable of the delayed concept 

(F(l,66) = .08, p < .78) and delayed application (F(l,66) = 

.20, p < .66). The detailed mean score comparisons are 

presented in Table 23. 

Hypothesis 8 

Analysis. C5 = u^2bl " (^a2b2+^a2b3+^a2b4)/^ = 0- The 

purpose of this hypothesis was to investigate the possible 

facilitative effects of the analogy for relatively high-

ability students. This hypothesis stated that there is no 

significant difference between the no analogy group and 

analogy groups on concept recall, application, retention of 

concept, and retention of application. 

Results; Concept recall and application test. The 

result of this contrast indicate no significance for the 

multivariate dependent variables of concept recall and 

application (F(2,58) = .87, p < .43) and the univariate 

dependent variables of concept recall (F(l,59) = 1.74, p < 

.19) and application (F(l,59) = .58, p < .45). For high-
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ability students, the means for the no analogy group and the 

combination of three analogy groups were 16.69 and 17.62, 

respectively, for concept recall, and 21.00 and 22.53, 

respectively, for application. The detailed mean 

comparisons for high-ability level is presented in Table 23. 

Results; Retention of concept recall and retention of 

application. The contrast between the no analogy group 

versus the analogy groups was not significant for either the 

multivariate dependent variables (F(2,58) = .27, p < .76) or 

the univariate dependent variable of the delayed concept 

(F(l,59) = .52, p < .46) and delayed application (F(l,59) = 

.27, p < .60). The means for the no analogy group and the 

combination of three analogy groups were 15.81 and 16.38, 

respectively, for the concept recall, and 20.81 and 21.93, 

respectively, for the application. The detailed mean 

comparisons for each treatment under high-ability level are 

presented in Table 23. 
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Table 2 3 

Mean score comparisons on cognitive performance for 
relatively high-ability level 

Treatment 

Dependent bl b2 b3 b4 
variable (n=16) (n=15) (n=16) (n=16) 

Concept recall 

Mean 16.69 17.87 17.75 17.25 

SD (2.44) (2.07) (2.65) (2.57) 

Application 

Mean 21.00 22.67 22.19 22.75 

SD (6.08) (5.41) (7.65) (7.74) 

Delayed concept 

Mean 15.81 16.27 15.56 16.31 

SD (2.81) (2.58) (2.92) (2.58) 

Delayed application 

Mean 20.81 22.40 22.69 20.69 

SD (8.42) (5.05) (7.09) (8.32) 

Note; bl = No analogies group 
b2 = Non-elaborated analogies group 
b3 = Elaborated analogies before instruction group 
b4 = Elaborated analogies after instruction group 
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Hypothesis 9 

Analysis. C2 = u^2b2 " (^a2b3+^a2b4)/2 = 0. This 

hypothesis stated that there is no significant difference 

between instruction with non-elaborated analogies and 

elaborated analogies for relatively high-ability students on 

concept recall, application, retention of concept and 

retention of application of a computer programming language. 

Multivariate planned comparisons were conducted for concept 

recall and application and for delayed concept recall and 

delayed application followed by univariate planned 

comparisons. 

Results: Concept recall and application. No 

significant results were found for the multivariate 

dependent variables of concept recall and application 

(F(2,58) = .16, p < .85) or for the univariate dependent 

variables of concept recall (F(l,59) = .23, p < .63) and 

application (F(l,59) = .01, p < .93). The means for the 

non-elaborated group and the combination of two elaborated 

groups were 17.87 and 17.50, respectively, for concept 

recall, and 22.67 and 22.47, respectively, for application. 

To see the detailed means for each group, please see Table 

23 in hypothesis 8. 

Results; Delayed concept recall and delayed 

application. The contrast between the non-elaborated group 

and the elaborated groups show no significance for either 
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the multivariate dependent variables (F(2,58) = .13, p < 

.88) or the univariate dependent variable of the delayed 

concept (F(l,59) = .04, p < .84) and delayed application 

(F(l,59) = .10, p < .76). The means for the non-elaborated 

group and the combination of two elaborated groups were 

16.27 and 16.44, respectively, for the delayed concept 

recall, and 22.40 and 21.69, respectively, for the delayed 

application. To see the detailed means for each group, 

please refer to Table 23. 

Hypothesis 10 

Analysis. C3 = u^2b3 " ̂ a2b4 ^ °- Hypothesis 10 

investigated the effects of the placement of the analogy 

(before instruction group vs. after instruction group) for 

the group of relatively high-ability on four cognitive 

outcomes; concept recall, application, retention of concept 

recall, and retention of application. As before, this 

hypothesis was also tested using the orthogonal contrast. 

Results: Concept recall and application. No 

significant differences were identified for the multivariate 

dependent variable (F(2,58) = .49, p < .61) or univariate 

dependent variable of concept recall (F(l,59) = .05, p < 

.82) and application (F(l,59) = .33, p < .57). The means 

for the before group and the after group were 17.75 and 

17.38, respectively, for concept recall, and 22.19 and 

22.75, respectively, for application. 
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Results; Retention of concept recall and retention of 

application. The contrast between the non-elaborated group 

and elaborated groups show no significance for either the 

multivariate dependent variables (F(2,58) = .30, p < .74) or 

the univariate dependent variable of the delayed concept 

(F(l,59) = .07, p < .80) and delayed application (F(l,59) = 

.59, p < .45). The means for the before group and the after 

group were 16.56 and 16.31, respectively, for the delayed 

concept recall, and 22.69 and 20.69, respectively, for the 

delayed application. 

Figures 3, 4, 5, and 6 present the means for average-

ability and high-ability students across each treatment 

group in graph form for dependent variables of concept 

recall, application, retention of concept, and retention of 

application respectively. 

Summary 

This chapter describes the data analysis procedures 

used and the results obtained from an analysis of the data 

obtained in this study. A summary of results for each 

hypothesis follows. 

Hypotheses Summary 

Hypothesis 1. Planned orthogonal contrasts between the 

no analogy condition and analogy conditions found a 

significant difference for the dependent variable of concept 
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recall but not on application, retention of concept, 

retention of application, or attitude toward learning a 

programming language. 

Hypothesis 2. Planned orthogonal contrasts were used 

to compare the mean of non-elaborated analogy condition and 

the combined mean of elaborated analogy conditions. No 

statistically significant differences were found to exist 

for dependent variables of concept recall, application, 

retention of concept recall, retention of application, and 

attitude toward learning a programming language. 

Hypothesis 3. Planned orthogonal contrasts were 

performed to compare the mean of elaborated analogies before 

instruction and the mean of elaborated analogies after 

instruction. No statistical differences were found for 

dependent variables of concept recall, application, 

retention of concept recall, retention of application, and 

attitude toward learning a programming language. 

Hypothesis 4. Based on the results obtained using the 

MANOVA, relatively average-ability students in terms of 

mathematics ability were found to significantly outperform 

relatively high-ability students on dependent variables of 

concept recall, application, retention of concept recall, 

and retention of application. No significant result was 

found for the attitude measure. 

Hypotheses 5. 6. and 7. The purpose of these three 

hypotheses was to investigate the effect of analogy, 

119 



elaboration, and placement position of the analogy for 

relatively average-ability students. Planned orthogonal 

contrasts were utilized to investigate each effect on the 

dependent variables of concept recall, application, 

retention of concept recall, and retention of application. 

Results indicated that for relatively average-ability 

students the effect of analogy and the effect of elaboration 

treatments only approached significance in influencing the 

dependent variable of concept recall. 

Hypotheses 8. 9, and 10. Contrary to hypotheses 5, 6, 

and 7, these three hypotheses were conducted for relatively 

high-ability students. Planned orthogonal contrasts were 

performed for the dependent variables of concept recall, 

application, retention of concept recall, and retention of 

application. No significant results were found for 

relatively high-ability students. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Summary of the Study 

From a review of the literature, it was found that 

although cognitive science has provided new avenues for 

approaching instruction, the collective knowledge from 

research about how to help novices learn in an unfamiliar 

domain, especially in programming languages, is insufficient 

to provide a pattern of instruction. Among currently 

developed instructional strategies based on cognitive 

theories, analogies have been suggested to make learning 

more meaningful by providing mental models to relate new 

learning to previously learned information (Galloway, 1992; 

Galloway & Bright, 1990; McGrath, 1990; Vosniadou & 

Schommer, 1988). 

The purpose of this study was to investigate how to 

deliver new information effectively through the use of the 

analogy. The instructional strategies used in the treatment 

were the analogy, elaboration of the analogy, and placement 

of the analogy. The results of different treatments were 

compared to decide which teaching strategy was more 

effective than the others. Another question investigated 

was the effect of ability levels, which were identified 

using SAT quantitative scores or ACT mathematic scores on 

learning programming. Furthermore, each ability level 

121 



across different treatment was compared to investigate which 

students could benefit more from different instructional 

methods. 

A total of 156 college students were used as the 

subjects to analyze this 2 X 4 research design. Students 

were grouped by ability level into two categories: 

relatively average-ability and relatively high-ability. The 

treatment was grouped into no analogies, non-elaborated 

analogies, elaborated analogies before instruction, and 

elaborated analogies after instruction. This study stressed 

the teaching of concepts in the domain of the BASIC 

programming language within a computer-based learning 

environment. 

Although computer-programming languages are becoming 

commonplace in the curriculum for many students in schools, 

the researcher found that for almost every programming 

course in every school, the measurement instruments are 

teacher-developed tests. These tests are seldom published. 

Even though some measurement instruments were found in the 

books or articles, they either covered different content 

areas or had different difficulty levels and were not 

appropriate for this study. Therefore, two researcher-

developed tests were used; a concept recall test and an 

application test. The dependent variables measured in this 

study included such cognitive effects as concept recall, 

application, retention of concept recall, and retention of 
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application in the BASIC programming language and the 

affective effect of attitude toward a programming language. 

Specifically, the study investigated the effects of 

analogy, elaboration, placement of the analogy, and the 

ability level on the cognitive performance of students 

learning BASIC and an attitude measure toward BASIC for 

college students. The treatment was delivered by a 

computer-assisted instruction lesson, which was developed by 

the researcher for the purpose of this research. 

During the first class meeting, students reported 

information concerning demographic and computer programming 

experience. Students with intermediate or experienced 

programming backgrounds were excluded from this study. Each 

treatment group was asked to complete their respective CAI 

lesson at their own pace in the computer lab. Following the 

lesson on the computer, assessment measurements (post-test) 

were given using a pencil and paper. Two weeks after the 

completion of the lesson and post-test, subjects were 

required to take a delayed test. 

In this study, hypotheses 1, 2, 3, 6, 7, 8, 9 and 10 

were tested with orthogonal contrasts. Hypothesis 4 was 

tested with MANOVA. For hypothesis 5, students were split 

by median ability levels and data analysis utilized 

orthogonal contrasts. In this chapter significant findings 

will be discussed, limitations of the study will be 
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presented, and implications for further research and 

classroom practice will be suggested. 

Discussion 

The Effect of the Analogy on Cognitive 
Performance 

The results of the data analysis for the first 

hypothesis indicate that receiving the analogy while 

learning a computer programming language does significantly 

increase concept recall, but not application (see Table 5). 

Concept recall test items require program interpretation and 

comprehension of general computing concepts; application 

test items require program generation skills. These 

findings corroborate those of past research that analogies 

could serve as advance organizers (Reigeluth, 1983). For 

example, Mayer and others have found that subjects in 

advance organizers conditions scored significantly higher on 

abstract interpretive post-test items than did their control 

counterparts, but did not outscore their control 

counterparts on concrete generative items (Mayer, 1975, 

1976, 1978, 1980, 1983; Mayer & Bromage, 1980). Ausubel 

(1957) and Mayer (1979) indicate that advance organizers 

should enhance the learning of concepts, but not of facts. 

Findings that advance organizers influence learning concrete 

concepts rather than application was also supported by Righi 

(1988) . 
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The fact that concept recall improvement occurred in 

analogy groups when compared to the control group seems to 

indicate that the following features of the analogy were 

adequate (McGrath, 1990, p.14); 

1. The model is easy to learn - familiar 
already to the student, not more stuff to be 
learned (Duboulay, 1989; Norman, 1983). 

2. It can be pictured. This will save a lot 
of words. 

3. The model is easy to use. It should be 
one that eases the memory load for the students, 
not one with a lot of parts they have to work at 
remembering. 

4. It is an image you can build upon as you 
introduce new concepts. 

The analogies presented in this CAI lesson were daily events 

and things such as: merry-go-round, dice, safety deposit 

box, and absent-minded person. Each analogy was accompanied 

by a picture which depicted graphically the information 

contained in the analogy. Research supports that when the 

analogy is presented by the verbal and is enhanced by a 

picture students' performance improved (Kuhn & Novak, 1970). 

The purpose of the analogy was to activate learners to 

visualize the system correspondences between the source and 

target analog. As described by Goswami (1991), system 

correspondences allow analogical reasoning to encompass 

"problem solving" (using the solution to a known problem to 

solve a structurally similar problem), "relational mapping" 

(recognizing the relational similarity between the source 
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analog and target analog), and "using one to understand the 

other" (p.l). Since the source analog and target analog 

were provided, and students were only required to relate the 

system correspondences, it can be assumed that it eased the 

memory load for the students and that students could utilize 

the image to build upon new concepts. 

The Effect of Elaboration on Cognitive 
Performance 

Presumably if elaboration enhances meaning for 

learners, students in the elaboration treatment should 

perform better than the other groups. Unfortunately, this 

study did not support that asking students to elaborate on 

the analogies by generating their own text to understand how 

the base analog worked and how it was similar to the target 

analog is an effective method of increasing cognitive 

performance (hypothesis 2). Although both elaborated 

analogies before and after instruction yielded higher scores 

than the control group and non-elaborated analogies for the 

concept recall and retention of concept recall measures (see 

Table 4), no significant differences between the groups 

could be detected. 

The effect of elaboration has been found to impact 

learning when the elaborations was occurred in classroom 

discussion (Galloway, 1992). Galloway noted that in fully 

developed analogies, both the similarities and the 

limitations of analogies must be discussed (Galloway, 1992). 
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However, in this study, students were required to elaborate 

on the analogy by themselves by describing the similarity in 

their own words within a computer based learning 

environment. Galloway's findings imply that discussion in 

the classroom can give students a better idea of the system 

correspondence between the source analog and target analog. 

In addition, in this treatment, students were required 

to elaborate on the analogy by typing a paragraph in their 

own words for every analogy. For a total of 11 analogies, 

this elaboration took students a relatively long time to 

complete. The researcher found that students started to 

lose their patience when they found other students had 

finished earlier than they did. This might explain part of 

the reasons why the elaboration treatment groups did not 

perform better than the other groups. 

The Effect of Placement Position of the 
Analogy on Cognitive Performance 

As expected, the results of hypothesis 3 found no 

significances for the placement position of the analogy. 

Since previous research results relating to the placement 

position of the advance organizer were inconsistent, this 

study supports the findings of Halpern, Hansen, and Riefer 

(1990) who report that before or after placement of the 

analogy was a nonsignificant variable for adults in 

scientific learning. However, the results do not support 

Mayer's (1976) findings concerning the effect of advance 
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organizers on programming learning, nor Righi's (1988) 

research, which reports that the post-organizer is an 

effective tool for teaching BASIC programming concepts to 

primary-grade children. 

Mayer and his colleagues (Mayer, 1984; Mayer, 1988; 

Mayer & Bromage, 1980) found that when analogies are 

presented at the beginning of text they serve as advance 

organizers that aid in learning and remembering subsequently 

presented material. Their work was based on Ausubel's 

(1960) seminal research with advance organizers, which 

describes analogies as "ideational scaffolding" (Ausubel, 

1968, p. 148) and which provides an organizational framework 

for incorporating incoming information. However, when 

analogies were presented at the end of the instruction, 

students may have used the post-organizer as a review of the 

concepts taught in the lessons, or as a recall aid during 

the BASIC test (Righi, 1988). Since either the advance 

organizer or the post-organizer appear to be capable of 

facilitating learning, it is predictable that no significant 

results in either direction should have been obtained. 

The Effect of Ability Levels on Cognitive 
Performance 

Significant differences did appear for the main effect 

of ability level in terms of SAT or ACT quantitative scores 

(hypothesis 4). Students with high-ability in mathematics 
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scored significantly higher on post-tests and delayed tests 

than did students with average-ability. These findings 

indicate that students with a relatively strong mathematics 

background possessed relevant preexisting concepts that 

allowed them to assimilate more information, and hence to 

demonstrate better performance. 

Although Pea and Kurland (1984) doubted that the 

difference might be attributed to general intelligence 

instead of mathematics ability and Chee (1993) also supports 

that mathematics ability is not correlated to the 

programming performance, the results found in this study are 

similar to Mayer and his group's series of studies 

indicating higher performance of high-ability subjects in 

terms of mathematics abilities (Bayman & Mayer, 1988; Mayer, 

1975, 1981, 1985, 1987; Mayer, Dyck, & Bayman, 1986). This 

research result also supports Campbell and McCabe's 

assertion that personal characteristics such as quantitative 

and mathematical skills influence success in programming 

(Campbell & McCabe, 1984). 

The Effect of Treatment on Retention 

No significant difference was found when the effect of 

analogy, elaboration or placement of the analogy was 

investigated on the delayed tests of concept recall and 

application. The delayed tests measure the retention of 
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learning. Retention in this study was referred as the 

memory in the long-term memory. 

Ausubel's (1960) research reveals that advance 

organizers cannot only enhance initial learning but also 

enhance the retention of unfamiliar but meaningful material. 

As described by Ausubel, the purpose of the organizer is "to 

provide ideational scaffolding for the stable incorporation 

and retention of the more detailed and differentiated 

material that follows" (Ausubel, 1968, p. 148). Dinnel and 

Glover's (1985) research also supports the notion that an 

advance organizer must be processed into long-term memory to 

be effective. However, the hypothesis that different 

treatments in this study would affect students' retention 

was not rejected. Reasons for the nonsignificant results 

could be attributed as follows: 

First, since this study was conducted during the summer 

terms (6 weeks), the elapsed time between the post-test and 

delayed test was limited to two weeks. It seems the delay 

was not long enough. Luiten, Ames, and Ackerson (1980) used 

meta-analysis to determine the effect of advance organizer 

by analyzing over 135 studies on learning and retention. 

The results indicate that the effect of retention increases 

with the passage of time. 

Second, the time for the treatment was not long enough. 

Students in this study were exposed to the language 

environment for only about 60 minutes. According to Reed, 
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Palumbo, and Stolar (1987/1988), nine weeks, or 

approximately 81 hours, are adequate for a computer 

programming class in terms of length of treatment. 

Obviously, the treatment length was not long enough to 

produce significant effects, especially for the delayed 

tests. 

Third, one other factor that might influence the 

retention of the measurement was the identical form of the 

measurement instruments for both the post-test and delayed 

test. The only difference between them was the 

administration time. However, delayed tests were 

administered only 2 weeks after the post-test. It is 

possible that students still had a fresh memory on the test 

items and that this lessened the effect of the treatment. 

If equivalent tests could be developed, more accurate 

differences might be obtained. 

The Effect of Treatment on Attitude 

Since no related research has been done to investigate 

the effect of the analogy, elaboration, and placement of the 

analogy on an attitude measure, the answers to these 

hypotheses (subhypotheses 1, 2, 3, 4) were quite open. No 

significant difference was found when the effect of analogy, 

elaboration, and placement of the analogy were investigated 

on students' attitudes toward programming language. In 

addition, no significant difference was found in attitude 
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toward a programming language between relatively average-

ability students and relatively high-ability students. 

Again, the lack of change in attitudes may have been 

due to the short treatment length. Attitude is a long-

lasting affective outcome. It is very reasonable to expect 

that students' attitude cannot be changed following one 

instructional lesson. 

However, the mean for the entire sample was 3.29 (SD = 

.55), when measured using an attitude toward programming 

language instrument. A perfect positive score would be a 5, 

a perfect negative score would be 1, and a neutral score 

would be 3. The mean for the whole sample was on the 

positive side, indicating that taking beginning programming 

languages using computer-assisted instruction is applicable. 

Furthermore, since attitude has been found to be a 

significant factor in predicting individual commitment to 

the use of computers (Kay, 1990), it can be assumed that 

with the improvement of the instructional quality grounded 

in cognitive theory in a computer based learning 

environment, the use of educational software may provide an 

interesting and important challenge for educational 

researchers, classroom teachers and programmers alike 

(Shuell & Schueckler, 1989). 
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The Effect of Treatment for Different 
Ability Subjects 

Research results of hypotheis 5 demonstrate several 

interesting findings for this study. 

First, research results found that when students with 

different ability levels (average vs. high) were exposed to 

different instructional treatments (analogy, elaboration, or 

placement of the analogy), only the relatively average-

ability (in terms of mathematics ability) subjects benefited 

from the instructional methods of the analogy and 

elaboration on the dependent variable of concept recall. 

Although the pattern reached only approached significance 

for the effect of analogy (F(l,66) = 3.18, p < .08) and 

elaboration (F(l,66) = 2.83, p < .097), it was exciting to 

find out that when the treatment was applied to the whole 

population, only the effect of the analogy was significant. 

It implies that elaboration was most effective for 

relatively average-ability subjects. 

Second, research results found no significant 

difference for relatively high-ability subjects under the 

treatment of analogy, elaboration, or the placement of the 

analogy. Subjects in the control group did not outperform 

the treatment groups either. 

These results support Ausubel and Fitzgerald's (1961) 

study that compared expository (no subsumer available) and 

comparative organizers (a subsumer is available) on 
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retention for different ability levels of relative 

knowledge. Their results indicate that subjects with more 

relative knowledge benefited less from the comparative 

organizer than did subjects who have less relative 

knowledge. Mayer and his group's series of studies also 

indicate that conceptual models tend to enhance transfer 

performance for weaker programmers (Bayman & Mayer, 1988; 

Mayer, 1975, 1981, 1985, 1987; Mayer, Dyck, & Bayman, 1986). 

Based on this research, Mayer hypothesized that high-ability 

subjects possess their own advance organizers, which may 

interfere with the assimilation of the new learning (Mayer, 

1975). 

Figure 3 illustrates that subjects with high-ability in 

mathematics performed best under the treatment of non-

elaborated analogy for concept recall, in comparison to the 

other three groups. Nevertheless, subjects with average-

ability performed best under the treatment of elaborated 

analogy before instruction and worst under control group and 

non-elaborated analogy group. These findings are in 

agreement with Snow and Lehman's (1984) statement that for 

low-ability students, instructional methods should be made 

more "explicit, directed, and structured" (p.372) with 

conceptual models, whereas for high-ability students, 

instructional methods should be made more "incomplete and 

unstructured," without conceptual models to reduce the 

interference of mental models. 
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Limitations 

Limitations in this study include the following. 

1. Instructional time was limited to about 20 to 60 

minutes because this lesson was only one of ten modules in a 

semester long course which taught computers in education. 

As identified by Burton and Magliaro (1987/1988), inadequate 

length of treatment is one of the faulty design features. 

This might weaken the effect of the treatment. 

2. The analogies constructed in this study were 

researcher-developed analogies which might have different 

effects for different individuals. Donnelly (1990) also 

states that the power of the analogy depends on whether or 

not students can recognize the analogy and make a link 

between two conceptual areas. Therefore, it is possible 

that students' performance was influenced by the familiarity 

or favor of the analogy instead of the treatment. 

3. Since it was impossible to obtain the cooperation of 

all subjects for this study, some students chose not to 

participate in this study which might influence the 

representativeness of the sample. However, the researcher 

also found that most of the students who chose not to 

participate in this research had programming background and 

they thought doing module activities instead of the research 

would be easier for them. Therefore, the researcher could 

assume that the influence of sample representativeness was 
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very minor, because this data still would have been 

eliminated from the data analyses because of their previous 

experience. 

4. While student exposure to computers has increased 

over time, their use of computer technology on a regular 

basis in the home, at work, or at school has also increased 

(Von Holzen & Price, 1990). Students with access to the 

computer are becoming younger and younger than before. In 

this study, college level students were used as the 

subjects. Among them, 21 out of 177 students were excluded 

from this study because of their extensive experience. The 

researcher has become aware of the subject level of college 

students who might have had too extensive a programming 

background. Therefore, it might have been more appropriate 

to use high school students as the subjects. 

5. Internal validity was inadequate because the length 

of the lessons for each instructional method was different 

and the study time was consequently different. It might be 

appropriate to add some additional text material for the 

control and the non-elaborated groups to balance the lesson 

size and text presented in this study. 

6. Both elaboration before and after instruction 

groups required students to elaborate on the similarity 

between the base analog and target analog and it took a 

significantly long time to enter this information. The 

researcher observed that students in these two groups were 
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more anxious than the other two groups because they were the 

ones who stayed in the computer lab longer. It might be 

better to control the internal validity if the other two 

groups were also asked to type some neutral text to control 

the time spent. The importance of paraphrasing was 

identified by Dinnel and Glover (1985), who found that 

paraphrasing requires the deeper processing which 

facilitates students' abilities to recall the organizer and 

the target essay material. They also indicate that the 

longer time will be cost effective if the treatment time is 

relatively longer. 

7. External validity is adequate for a relatively 

homogeneous sample (many students with a similar major from 

one region of the country). However, since this research 

only addresses one programming language and only a small 

number of concepts within that language, the findings of 

this research may not be generalizable to other settings or 

different programming languages. It is possible that if the 

analogy has been applied as part of the whole semester 

classroom instruction an entirely different pattern of 

research results would have been obtained. 

8. Since no standardized measurement instruments were 

available, the researcher-developed tests were used. From 

the analysis of the data, the researcher found that the 

range of variability within groups on the application test 

shown by the standard deviations in Table 4 was large. It 
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would be desirable to obtain more standardized tests to 

corroborate the validity of the study. 

Implications for Classroom Practice 

For the purpose of this study, the researcher developed 

a CAI lesson which provided more error messages for the 

novice learners than the traditional BASIC language. Since 

for many students this was their first time to write a 

computer program, it is very important to provide a user 

friendly learning environment to improve their confidence 

and future use of programming. From students' performance 

in this study, the researcher found that for each cognitive 

dependent variable the score distribution was negatively 

skewed. It means that most students have higher scores than 

the mean and it can be implied that programming language 

instruction can be designed and implemented in a CAI 

learning environment. 

In addition, in the absence of prior knowledge, 

acquisition of new domain knowledge can be facilitated 

through instructional aids that promote meaningful learning. 

The findings from this investigation confirmed theoretical 

predications about the use of analogy to help in the 

understanding of novel information. It also implies that 

analogies offer alternative scaffolding contexts in which 

novel learning can be anchored. 
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One significant implication for classroom practice that 

can be drawn from this study concerns the individual 

difference issue. From this research, it was found that 

students with high-ability performed best using non-

elaborated analogies while average ability subjects 

performed relatively worse using non-elaborated analogies. 

This implies that an adaptive learning environment in the 

CAI lesson is necessary to meet individual needs. 

Finally, this research only stresses the teaching of 

concepts in domains of programming language to novices. 

From the results of this study, the instructional methods 

investigated in this study may be applied to other areas. 

Consequently, the results will certainly influence the way 

of presenting the information in the classroom and the 

textbook or other instructional delivery system. 

Suggestions for Future Research 

In light of the results of this study, there is a need 

for additional research on several interesting questions in 

the future. The suggestions include the following. 

1. This study was conducted with a relatively short 

period of treatment (about 20 to 60 minutes). In order to 

increase the treatment effect, it was suggested to lengthen 

the treatment to at least 81 hours for a computer 

programming class (Reed, Palumbo, & Stolar, 1987-88) instead 

of only part of the class requirement such as one module. 
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Further research is required to investigate these issues in 

a semester long class. 

2. Despite the fact that the sample size for each cell 

met the minimum requirement (n = 15) of Borg and Gall's 

(1989) assertion, the sample size was still relatively small 

for the eight cells utilized in this study. Therefore, 

there is a need for additional research using a larger 

sample size to gain a more accurate picture of the results. 

3. It had been expected that elaboration would help 

students in gaining correct concepts. However, this study 

showed no significant difference for this treatment effect 

in the computer-based learning environment. Further 

research should be explored to compare the effect of 

elaboration under self-instruction and classroom discussion. 

4. Since the analogy was found to be effective in 

improving students' performance, it is suggested to further 

explore different types of the analogy (i.e., -auto, house 

work, or sport) for different learner styles, learner 

characteristics, ages, or gender. 

5. The results of this experiment revealed that 

analogy groups achieved significantly higher scores on the 

measures of concept recall, but not on application. It 

might be interesting to further explore why application 

scores could be improved. 

6. For the purposes of comparing different groups' 

attitude toward the programming language, this study would 
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have been enhanced if interviews and participant observation 

had been conducted during the study. Through the use of 

interviewing and participant observation, more accurate and 

precise understanding may be gained than from the self-

reported attitude scale composed of pencil and paper tests. 
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APPENDIX A 

SURVEY QUESTIONNAIRE 

Thank you for participating in this research. Your 
participation will help the researcher in studying the 
effects of different instructional methods on learning 
computer programming languages. This research will be a 
substitute for the module 7 requirements in EDIT 2318. You 
will be given credit for both the module 7 activity and the 
module 7 test. However, you must attend two separate 
sessions to complete this project, one session during the 
week of august 2 and the second session during the scheduled 
final exam period August 19. If you cannot fulfill these 
requirements, see your instructor and arrange to turn in the 
module assignment and take a computer test. 

This research requires you to complete a computer-
assisted instruction, tests and complete a questionnaire 
immediately after the lesson. Your test scores and 
responses to the questionnaire will not affect your grade in 
the EDIT 2318 course in any way nor will they be used for 
any purpose other than for this research project. 

The research will be performed in the Educational 
Computer Center (AD 325). The first study session will take 
about 60 minutes and the second will take you about 20 
minutes. There are four different times available for the 
first study session. You must choose one. The second study 
session is during the final examination period. Please sign 
up the time on the attached paper and write down the time on 
the bottom of this paper as a reminder for yourself. 

If you have any questions or need to change your 
scheduled times, please call Mrs. Shu-Ling Lin at 763-9908 
(H) or 742-1998 (Lab). 

Reminder: 
Date Time 

1st study session; 

2nd study session: 

152 



i'lease tii± in rne rollowing information for the researcher 
All questionnaire information will be kept strictly 
confidential. 

Password: EDIT (of EDIT 2318 testing) 

User ID (your last name and first initial) ; 

Social Security No; - _ 

Age: Sex (please circle) : Male Female 

Classification (Please circle) ; Fr So Jr Sr Grad 

Major; 

SAT verbal score; ^ SAT quantitative score: 

Phone Number: or 

Computer experience: (check the best category) 
Never touched one 
Novice. I have used one occasionally in the past, 
but have never done any programming. 
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 languages have you 
studied? (please check) 

BASIC Logo COBOL Pascal 
FORTRAN C LISP Other 

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

YES NO 

If YES, which of following programming languages are you 
studying? (please check) 

BASIC Logo COBOL Pascal 
FORTRAN C LISP Other 
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Please choose one time for the first research session 

First study session (60 min. Computer lab 325) ; 

11;30 AM - 01:00 PM, Aug. 02 (Mon) 
11;30 AM - 01:00 PM, Aug. 03 (Tue) 
11;30 AM - 01:00 PM, Aug. 04 (Wed) 
11:30 AM - 01:00 PM, Aug. 05 (Thu) 
None of these time is good for me I need to 
talk to the researcher to schedule another time, 

Second study session (20 min. Normal classroom 353); 

08:00 - 10:30 AM, Aug. 19 (Thu) 
None of these time is good for me. I need to 
talk to the researcher to schedule another time 

Please sign your name here: 

Now, please write down your chosen time on the first page as 
a reminder for yourself and keep that page. Don't forget to 
give the researcher the rest of the questionnaire. 
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APPENDIX B 

SYLLABUS 

EDIT 2318 - Computing and Information Technology 
(Credi t : 3 Hours^ 

Slimmer, 1993 
Don Winiecki (Section; 001) 

AD/ED 233A 
742-2397 

Office Hours: 
Summer 1: 4:30 - 5:30 pm T, Th or by appointment 
Summer 2: 10:00 - 11:00 am T, Th or by appointment 

Course Description 

Use of computers as productivity tools, social and ethical 
implications of computers, and applications of computers and 
related technology in society. 

Course Objectives 

Students will... 
1. ... demonstrate how computers work and how they are used 

for information storage, simulation, and data 
processing. 

2. ..describe the events and facts in the history of 
computing and relate their significance to the present 
day. 

3. ..plan and execute activities to help ensure appropriate 
and successful uses of computers in instruction. 

4. ..demonstrate a general understanding of computer 
language concepts using BASIC. 

5. ..demonstrate an ability to use computer hardware and 
perform computer operations using disk operating 
systems. 

6. ..demonstrate freedom from anxiety concerning computer 
based experiences. 

7. ..make practical use of word processor, database, and 
spreadsheet programs for personal and educational uses. 

8. ..select and evaluate educational software based on 
defensible criteria. 

9. ..understand and use common computer related vocabulary. 
10. .demonstrate an ability to use the computer to obtain 

information from remote databases. 
11. .describe the impact that technological developments 

have on career options. 
12. .characterize the computer as an object of instruction, 

and as an instructional tool for classroom management. 
13. .produce computer generated graphics. 
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Instructional Units 

A. Introduction to Computers (History and Usage) 
B. Word Processing 
C. Tool Software 
D. Instructional Software 
E. Database management 
F. Electronic Spreadsheets 
G. Computer Programming & BASIC 
H. Computer Graphics 
I. Telecommunications & Electronic Databases 

Textbook & Supplies Needed for this Course 

Price, Johnson, Barker, Harless, & Espinoza Study Guide for 
EDIT 2318 (available from University & Varsity bookstores) 

One blank 3-1/2" disk, (available from University & Varsity 
bookstores, and other stationary, office supply and computer 
stores). The disk can be "high density" or "double density" 
but we recommend "double density" to ensure compatibility 
with other campus computers. 

Assignments. Evaluation Procedures, and Grading Policy 

This is an introductory course for those who do not 
have broad experience with computers, and consists of ten 
self-paced modules. These include computer applications 
laboratory experiences as well as reading materials from the 
Study Guide for EDIT 2318, and a series of computer-related 
videos. Assignments to be completed for nine of the modules 
are described in detail in the Study Guide. Deadlines by 
which each module assignment must be completed and handed 
in, and the test passed, are listed in the Class Schedule 
(included in this Course Outline). Tests are to be taken 
during scheduled testing times in ED/AD Room 323. Students 
will be required to present a photo ID when taking a test. 
The course is based on the mastery approach to learning. 
Mastery of a module will be indicated by a score of 80% or 
higher on the module test, but you must also turn in the 
assignment to receive any credit. Sample test questions for 
each module assignment are contained in the study guide. 
Each module test may be taken up to five times, after the 
reading and lab assignment have been completed. Tests are 
designed to measure the concepts, skills, and information 
gained from the module's reading and computer applications 
assignments. 
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Graaes tor rne course will be baspd on the number of modules 
mastered (or passed) as shown h^inw? 

Passing 9 or 10 modules. A 
Passing 8 modules B 
Passing 7 modules C 
Passing 6 modules D 
Passing fewer than 6 modules F 

Other Class Policies 

This course will be taught through a Personalized 
System of Instruction (PSI) . Most of the skill and 
knowledge which the student gains in this course will be 
acquired through reading and hands-on experience with 
computers, rather than through lectures. Each student must 
attend one lecture session—an orientation to the course. 
The other class periods are used to watch the Module 10 
video programs, provide opportunities for students to ask 
questions, discuss assignments, and to turn in completed 
assignments. See the attached Class Schedule. 

Requirements for completing the course are explained in 
the Study Guide for EDIT 2318. The course has been 
organized into ten modules—nine hands-on computer 
application modules and one video module. Tests for modules 
1 through 9 will be taken on the computer (Room 323). A 
student may take any other test as soon as he or she 
completes the reading and computer applications assignments 
for that module. To obtain credit for each module, the 
student must do two things: 1. turn in a satisfactorily 
completed laboratory assignment, and 2. obtain a score of 
80% or better on the module test. As soon as a student 
masters a module, he or she may move on to the next one. It 
is possible to complete the requirements for this course in 
less time than a full semester. The burden of completing 
these assignments is on the student. No mandatory computer 
lab periods have been scheduled. In addition to reading and 
studying the material in the Study Guide for EDIT 2318. each 
student is expected to plan for and spend as much time with 
the computers as necessary to complete the assignments. 
Much of the time need for hands-on work with computers may 
be done at the regularly scheduled class meeting time. 

DOING THE COMPUTER APPLICATION ASSIGNMENTS 
The primary facility for completing the computer 

applications assignments is the Education Computer Center — 
Rooms 323 & 325 in the Education Bldg. All of the software 
needed for completing the assignments is located there, and 
you will need your ID to check out software and manuals for 
use in the lab. Software may not be removed from the 
computer lab. Unauthorized removal of software will b 
considered stealing. Consult the lab schedule at the end of 
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this Course outline for hours that the lab will be open. 
Adjustments to this schedule will be posted on the lab door 
as needed. If you have questions about completing 
assignments elsewhere (either at the ATLC or on a personal 
computer), check with your instructor. 

TURNING IN ASSIGNMENTS & COMMUNICATING WITH INSTRUCTORS 
The instructor will always be present at every class 

period in the location listed in the class schedule at the 
end of this course outline. Turn in assignments to Room 
2 3 3A during the assigned class time. Assignments may be 
turned in early, but no later than the deadlines shown in 
the class schedule. For your safety, do not slide 
assignments under the office door. Assignments may also be 
turned in to the box labeled "EDIT 2 318 ASSIGNMENTS" in the 
Computer Lab. Assignments that are not turned in to either 
Room 2 33A or the EDIT 2 318 box in the Computer lab will not 
be accepted. (If you cannot find the box in the lab, ask a 
proctor). 

You should keep your scheduled class time available for 
the course activities described above. Even though you will 
not need to come to class every day for the entire period, 
you should be able to turn in assignments and meet with your 
instructor at this time. The Module 10 video sessions are 
held at class time. 

MODULE 10 VIDEO SESSIONS: 
A series of ten video programs, most of which are from 

The New Literacy, series will be shown throughout the course 
on several days at regular class times. Attendance is 
optional, but students who attend viewing and complete a 
questionnaire on a minimum of seven of these days will 
receive credit for Module 10. There is no test for this 
module. However, attendance will be taken during each video 
session. 

INCOMPLETE AND LATE WORK 
No one will be allowed to take tests or turn in late 

work after the deadline has passed unless there are 
extenuating documented circumstances which are approved by 
the instructor. DO NOT put off doing assignments and taking 
tests until deadlines. Incomplete in the course will be 
given only with instructor permission for students who have 
verified and extremely extenuating circumstances. If a 
grade of "I" is assigned to a student, the work may be made 
up without reregistering for the course only when the work 
is monitored by the assigned instructor, and only by 
students who have completed six or more modules. Students 
who are given a grade of I and have completed less than six 
modules will be required to register for the course again 
and complete all course assignments. The testing 
environment will be closely monitored. A photo ID and a 
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p.̂.,.,,r«*>rr,oor-̂r--̂r̂ŝ_«.,)(if̂d for you to take a test. No open study 
guides, notes, or writing implements are permitted in the 
testing center. 

Copying computer applications assignments is cheating, 
and not acceptable. While discussing assignments and asking 
for help in the computing facilities is natural, copying 
someone else' work is'a different matter. Copying 
assignments will result in NO CREDIT for the module for all 
students involved—even if the test has been passed. 
Computer assignments are modified from semester to semester, 
and random cross checks of assignments are made regularly. 

DEADLINES 
Begin immediately! Since there is a great deal of work 

to do, students who don't, may soon find themselves so far 
behind that they cannot catch up. The dates shown in the 
Class Schedule have been set as deadlines for completing of 
the modules. Students must complete both the module test 
and the hands-on computer application assignments on or 
before the deadlines listed. You may complete and hand in 
work before the deadline. "Returns" must be corrected and 
resubmitted within a two week period following the published 
deadline for that module. No returns will be accepted after 
the final exam period. 

COMPUTERS 
The primary computers used in this course will be Apple 
Macintosh LCII and IBM computers. The Studv Guide tells 
which assignments are to be completed on which type of 
computers. Consult the attached lab schedule to see when 
the different computer rooms are available. 

FINAL EXAM 
There is no final exam for this course but instructors will 
be available in their office during the exam times as listed 
below: 

Class Section; Exam/Instructor available: 

EDIT 2318-001 (Summer 1) Fri, Jul. 9; 8:00-10:30 am 
EDIT 2318-001 (Summer 2) Thu, Aug. 19; 8:00-10:30 am 
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APPENDIX C 

INTRODUCTION OF THE CAI LESSON 

This tutorial lesson teaches students basic concepts of 

a computer programming language and some of the commands and 

statements used in the BASIC programming language. The 

principal programming concepts covered in the lesson include 

the difference between command mode and program mode, string 

and numeric variables, algorithmic sequence of program 

statements, and line numbers in Microsoft BASIC. The 

commands and statements taught in this lesson include PRINT, 

LET, INPUT, IF-THEN, IF-THEN-ELSE, FOR-NEXT, RUN, LIST, and 

the function RND( ) and INT( ). 

The instructional sequence presented in this lesson is 

linear because the purpose of the study is to measure the 

effect of each of four different instructional strategies on 

learning. In order to ensure that everyone has the same 

experience with the lesson and that differences in 

performance can be attributed to the instructional strategy, 

the CAI lesson is designed so that each student must proceed 

serially through each screen. 

The first screen of the lesson is a bear holding a 

banner showing "Welcome to Learn the BASIC Programming 

Language." This screen serves as the first event of Gagne's 

nine events of instruction to focus students' attention 

(Gagne, Briggs, & Wager, 1988). This screen also tells 
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sruaents the goal of the lesson. The attention screen will 

automatically turn to the next screen because at this time 

students still do not know how to advance from screen to 

screen within the CAI lesson. 

Students will be prompted to type in their passwords 

before advancing to the second screen. Passwords are 

automatically validated and the elapsed time to completion 

of the lesson begins upon entering the password. 

The second screen displays the lesson objectives. 

Since this lesson is presented in a linear sequence, the 

lesson objectives also tell students in what order they are 

going to encounter the lesson contents. 

The third screen is the navigation introduction. This 

screen teaches users how to click on the arrow buttons to 

navigate through the lesson. The pop-up instructions for 

the arrow buttons can serve as a limited version of on-line 

help for navigation in this program. 

From the third screen, the lesson instruction begins. 

For every concept, examples are provided for students to 

assist assimilation. Following Gagne's principles, after 

the instruction, practice is provided for the new learning. 

The practice environment not only simulates the real 

situation in the Microsoft BASIC environment, but also gives 

students very clear feedback and error messages. During the 

practice, students are asked to type the program given on 

the screen. In the real BASIC environment, if students made 
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a mistake, the computer would only display "Syntax error in 

line XX." The researcher observed students' reaction in the 

real BASIC environment and found that most of the time 

students, especially for the new learners, did not know what 

had gone wrong. Even when they found what was wrong, they 

forgot to complete all mechanical procedures necessary for 

correcting and saving the program. In order to overcome 

this problem, in this program, the student is given 

immediate feedback if he/she has made a mistake. The error 

message clearly points out what is missing and also reminds 

the learner to press the return key after the correction. 

The researcher also found that sometimes students just 

forgot to type the whole line. In this case, the screen 

will respond with, for example, "Expecting 10 INPUT X." 

In this lesson, the blinking insertion point and an 

explanation prompt are always shown whenever an input is 

necessary. This gives the learner an indication of where to 

focus attention and to apply action (Shneiderman, 1992). 

At the end of the lesson, the student will be given the 

option of reviewing the previous page or quitting. If the 

quit button is selected, the total time students spend on 

the lesson will be recorded, the times and the page number 

that students went through more than once will be recorded. 

For groups with elaborated analogies, students' input about 

the similarity of the programming concept and the analogy 

will be recorded. 
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APPENDIX D 

LESSON OBJECTIVES 

Upon completion of this CAI lesson, students should be 

able to: 

1. distinguish the difference between command mode and 

program mode. 

2. print output with PRINT statements. 

3. use the arithmetic operators in expressions. 

4. classify RND( ) as a function to generate random 

numbers. 

5. understand and use RUN command to execute the program. 

6. understand and use LIST command to list the whole 

program. 

7. use string variables to store character data. 

8. define numeric variables. 

9. distinguish string variables from numeric "variables. 

10. understand that a variable can hold only one value at a 

time. 

11. understand and use LET statements to assign a value to a 

variable. 

12. supply values to variable with INPUT statements. 

13. write program loops using the FOR-NEXT statements. 

13. program alternate actions based on a condition using IF-

THEN and IF-THEN-ELSE statements. 
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J.H. K.ixciisis±i,y \̂j-io eis the Command to clear the screen. 

15. use the relational operators. 

16. become familiar with the seguence of the program in 

program design. 
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ONE EXAMPLE OF NO ANALOGY TREATMENT 

26 01 30l 

In BRSiC, luhen you uiant to repeat doing the tame 
thing seueral times without hauing to re-nin the 
program each time, you can use a FOR-NEKT loop. 

For eKampie, you can use a FOR-NEKT loop to print 
your name as many times as you want. 

.•^St"^**? 

27 of 39 

??5»* 
îi;s;aE%: 

LJstJiî MES 

IBFORThismany- 1 to 9 
26 PRINT 'Houi are you?" 
36 PRINT -Starting loop# *;Thismany 
46 NEHT Thismany 
56 PRINT "END" 

In this eKampie, 'Thismany' Is a uarfable name that holds the 
number of loops to be performed. Thismany starts at 1 and 
ends at 9. It means that the statements Inside the FOR-NEKT 
loop will be peformed 9 times. 

Line 46 sends the computer back to the start (linelB) and 
changes the uariable 'Thismany' to the neKt higher number, 
lifhen the uariable 'Thismany' reaches 9. the computer CMlts 
the loop and goes to line 51 PRINT 'END'. 
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28 of 39 

r^ 10 FOR Y « 1 TO 3 
20 PRINT •Hir 

30 PRINT 'NOW Y IS 
' 40 NEXT Y 

r Im-M. 

In this program, the sequence performed by the computer is as 
follows: 
I 10 Y starts from 1 and is 1 now; 

20 "Hir is displayed on the first line of the saeen; 
30 -NOW Y IS r is displayed on the second line: 
40 the computer returns to tine 10 again; 

10 Y is 2 now; 
20 'Hir is displayed on the third Kne: 
30 -NOW Y IS 2- is displayed on the fourth Hne; 
40 the oomputer returns to line 10 again; 

10 Y ends at 3; 
20 -Hir is displayed on the fifth line: 
30 -NOW Y IS r Is displayed on the sixth line: 
40 the oomputer ends this program 

-im^'iM mm 
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'I^JL^\ f 

ONE EXAMPLE OF NON-ELABORATED ANALOGY 

TREATMENT 

28 of 42 

R merry-go-round Is like a FOR-NEKT loop In BRSIC. 
lUhen you want to repeat doing the same thing 
seueral times without hauing to re-nin the program 
each time, you can use a FOR-NEKT loop. 

For example, you can use a 
FOR-NEKT loop to print your 
name as many times as you 
want. 

' • ^ 

• n 

16 FOR Thismany - 1 to 9 
26 PRINT'How are you?' 
36 PRINT 'Starting loop# '; Thismany 
46 NEKT Thismany 
56 PRINT'END" 

In this eKampie, 'Thismany' is a uariable name that holds the 
number of loops to be performed. Thismany starts at 1 and 
ends at 9. It means that the statements inside the FOR-NEKT 
loop will be peformed 9 times. 

Line 48 sends the computer back to the start (line 18) and 
changes the uariable 'Thismany' to the neKt higher number. 
When the uariable 'Thismany' reaches 9, the computer enits 
the loop and goes to line 58 PRINT 'END'. 
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n> 10 FOR Y « 1 TO 3 
20 PRINT "HII" 

30 PRINT -NOW Y IS 
' 40 NEXTY 

Of^MM^i 

In this program, the sequence performed by the computer Is as 
follows: 
1 10 Y staru from 1 and is 1 now; 

20 -Hir is displayed on the first line of the screen; 
30 -NOW Y IS r Is displayed on the second Hne: 
40 the oomputer returns to Hne 10 again; 

10 Y is 2 now: 
20 -Hir is displayed on the third Hne; 
30 -NOW Y IS r is d»played on the fourth Kne; 
40 the oomputer returns to line 10 again; 

10 Y ends at 3; 
20 -Hir is displayed on the fifth line; 
30 -NOW Y IS 3' is displayed on the sixth Hne; 
40 tt>e computer ends this program 
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APPENDIX G 

ONE EXAMPLE OF ELABORATED ANALOGIES 

BEFORE INSTRUCTION 

UJhen you want a merry-go-round to make a certain 
number of rotations without pushing the button for 
each rotation, you can set up the number of rotations 
in the machine. The merry-go-round will then keep 
spinning until It finishes all of the rotations that you 
set It up to trauel. 

In BRSIC, a FOR-NEKT loop Is like a 
merry-go-round. Ulhen you want to 
repeat doing the same thing seueral times 
without hauing to re-run the program ^t^ , -
each time, you can use a FOR-NEKT loop. i A ^ i 

For example, you can use a FOR-NEKT loop ^ 
to print your name as many times as you V " T ^ 4 = ^ 

want. ^^3S 

.u>-^ 
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37 of 53 l^^fH^fe^^g:^ 
-18 FOR Thismany » 1 to 9 
28 PRINT 'How are you?' 
36 PRINT 'Starting loop# '; Thismany 

-48 NEKT Thismany 
56 PRINT 'END' 

In this eKampie, 'Thismany' Is a uariable name that holds the 
number of loops to be performed. Thismany starts at I and 
ends at 9. It means that the statements Inside the FOR-NEKT 
loop will be peformed 9 times. 

Line 46 sends the computer back to the start (Iine18) and 
changes the uariable 'Thismany' to the neKt higher number. 
tUhen the uariable 'Thismany' reaches 9. the computer enits 
the loop and goes to line 58 PRINT 'END'. 

1 * 5 ^ . 'm i . * < ! * l - ' 

38 of S3 
F5^!« l 

10 FOR Y « 1 TO 3 
20 PRINT'Hi!' 
30 PRINT 'NOW Y IS 
40 NEXT Y 

In this program, the sequence performed by the computer Is as 
follows: 

1 10 Y Starts from 1 and is 1 now; 
20 -Hir is displayed on the first line of the saeen; 
30 -NOW Y IS 1- is displayed on the second Kne; 
40 the oomputer returns to line 10 again; 

10 Y is 2 now; 
20 -Hir is displayed on the third Kne; 
30 -NOW Y IS r is displayed on the fourth Hne; 
40 the computer returns to Hne 10 aoaln: 

10 Y ands at 3; 
20 -Hir is displayed on the fifth line; 
30 -NOW Y IS 3* is displayed on the sixth Ina; 
40 the computer ends this program 

("g" 
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< « « « « Practice » » » » : 

pr»9r«mtnth« 
ftTkMnnq $^Mr$ 
*><prM«tht 
RETURN ktv 
•t th* m4 •f 
••ehNn*. 

'10 FOR Y 

Chek«nRUN 
U siTi this 
prfrttr*. 

1 TO 3 
20 PRINT •Hir 
30 PRINT 'NOW Y IS 
40 NEXT Y 

C RUN :> 
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APPENDIX H 

ONE EXAMPLE OF ELABORATED ANALOGIES 

AFTER INSTRUCTION 

In BRSIC. when you want to repeat doing the same thing 
seueral times without hauing to re-run the program 
each time, you can use a FOR-NEKT loop. 

For eKampie, you can use a FOR-NEKT loop to print your 
name as many times as you want. 

''ijtt -'• 

IBFORThismany- 1 to 9 
26 PRINT 'How are you?' 
38 PRINT 'Starting ioop# ' ; Thismany 
•46 NEKT Thismany 
56 PRINT 'END' 

In this eKampie, 'Thismany' Is a uariable name that holds the 
number of loops to be performed. Thismany starts at 1 and 
ends at 9. It means that the statements Inside the FOR-NEKT 
loop will be peformed 9 times. 

Line 46 sends the computer back to the start (linelB) and 
changes the uariable 'Thismany' to the neKt higher number. 
Ulhen the uariable 'Thismany' reaches 9, the computer eKits 
the loop and goes to line 58 PRINT 'END'. 
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10 FOR Y B 1 TO 3 
20 PRINT 'H I I ' 

30 PRINT 'NOW Y IS 
40 NEXT Y 

in this program, the sequence performed by the computer Is as 
follows: 

1 10 Y starts from 1 and is 1 now; 
20 'Htr is displayed on the first line of the saeen; 
30 -NOW Y IS 1- is displayed on the second Kne; 
40 the oomputer returns to Hne 10 again; 

10 Y is 2 now; 
20 -Hir is displayed on the third Hne; 
30 -NOW Y IS r is displayed on the fourth Hne; 
40 the oomputer returns to line 10 again; 

10 Y ands at 3; 
20 -Hir is displayed on the fifth line: 
30 -NOW Y IS r is displayed on the sixth Hne; 
40 the computer ends this program 

mm 
; - \^*-35e«i««»^ 

itfmx 
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APPENDIX I 

CONCEPT RECALL TEST 

Directions: Please fill in your EDIT password number in the 
last 3 spaces provided on the scan sheet (e.g. 059). Your 
participation is very important for the researcher. Please 
try to answer the question as best as you can. 

1. Line numbers such as 10, 20, 30 are used in what mode? 

a. command mode 
b. basic mode 
c. setup mode 
d. program mode 

2. Which of the following statements would cause this output 
to be displayed on the computer screen? 

THE ANSWER IS 16 

a. PRINT "THE ANSWER IS"; 32/2 
b. PRINT THE ANSWER IS 32/2 
c. PRINT "THE ANSWER IS 32/2" 
d. "PRINT THE ANSWER IS"; 32/2 

3. Which of the following statements would cause this output 
to be displayed on the computer screen? 

HI THIS IS A TEST 

a. PRINT 'HI THIS IS A TEST' 
b. PRINT "HI THIS IS A TEST" 
c. PRINT HI THIS IS A TEST 
d. PRINT ("HI THIS IS A TEST") 

4. What might be shown on the screen if you type PRINT 
INT(RND(1)*10)? 

a. 0.09 
b. 0.9 
c. 9 
d. 90 
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5. Which of the following statements would cause this 
statement to be displayed on the computer screen? 

5 TIMES 3 = 15 

a. PRINT "5 TIMES 3="; 5 * 3 
b. PRINT (5 TIMES 3=15) 
C. PRINT 5 * 3 
d. both a and c 

6. What command is used to execute a BASIC program? 

a. SYSTEM 
b. turn the machine off, then on again. 
c. press Ctrl-Alt-Del 
d. RUN 

7. What is the screen output if you enter 8 after the screen 
displayed X= ? 

10 INPUT "X= "; X 
2 0 LET X = X + 5 
3 0 PRINT X 

a. 10 
b. 13 
c. X = 20 
d. LET X = 10 

8. A language you can use to program a computer is: 

a. English 
b. Computer-ese 
c. BASIC 
d. Recipe 

9. Which of the following statements is incorrect? 

a. There are two types of variables: numeric and string 
variables. 

b. X, NUM and MYNAME$ can be variables. 
c. A variable name without $ can only be used to store a 

number. 
d. A variable name with $ can only be used to store a 

number. 
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10. To repeat the same instructions in a BASIC program, the 
best method is to use: 

a. a FOR-NEXT statement 
b. an IF-THEN statement 
c. the RND 0 function 
d. Manually repeating the same statement as many times as 

needed. 

11..Which statement makes a decision? 

a. a FOR-NEXT statement 
b. an IF-THEN statement 
c. the RND 0 function 
d. the LET statement 

12. What does RND (1) do? 

a. generates a random number. 
b. rounds up to the next whole number. 
c. rounds down to the next whole number. 
d. prints what is between the parenthesis 

13. The following BASIC statement will perform what 
operation? 

LET X = 5 

a. Assign a value of 5 to a variable named X. 
b. Assign a value of X to variable 5. 
c. Assign a string to a variable named X. 
d. SYNTAX ERROR will be shown on the screen. 

14. If you execute the following program what will be 
displayed on the screen? 

10 LET X = 10 
20 LET Y = 2 
30 PRINT "Z = "; Z 
40 LET Z = X/Y 

a. Z = 10 
b. Z = 0 
c. Z = 5 
d. Z = 2 
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15. Which statement tells the computer to stop and wait for 
the user to supply data? 

a. LET 
b. PUT 
c. RUN 
d. INPUT 

16. What command is used to display the whole program on the 
screen? 

a. PRINT 
b. LIST 
c. SYSTEM 
d. REVIEW 

17. What will be displayed on the screen when this program 
is executed. 

10 FOR COUNTER = 1 TO 5 
2 0 CLS 
3 0 PRINT "COUNTER EQUALS TO "; COUNTER 
40 NEXT COUNTER 

a. COUNTER EQUALS TO 1 
b. COUNTER EQUALS TO 6 
c. COUNTER EQUALS TO 5 
d. COUNTER EQUALS TO 1 2 3 4 5 

18. What will happen when line 10 is executed by the 
computer? 

10 CLS 
20 INPUT "PLEASE ENTER YOUR NAME"; NAME$ 
30 INPUT "PLEASE ENTER YOUR PASSWORD"; PASSWORD$ 

a. The program will exit BASIC program mode. 
b. The computer will ask for your name. 
c. The screen will be erased. 
d. Nothing will happen. 
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19. What is the screen output if you enter M when the 
screen displayed SCORE = ? ? 

10 INPUT "SCORE = "; X 
20 IF X > 59 THEN PRINT "PASS" ELSE PRINT "FAIL" 

a. FAIL 
b. PASS 
c. PASS FAIL 
d. no output on the screen 

20. What is the screen output if you enter 3^ when the 
screen displayed SCORE = ? ? 

10 INPUT "SCORE = "; X 
2 0 I F X > 5 9 THEN PRINT "PASS" ELSE PRINT "FAIL" 

a. PASS 
b. FAIL 
c. PASS FAIL 
d. no output on the screen 
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APPENDIX J 

APPLICATION TEST 

Password: EDIT 

Please use a pencil to write the following programs as best 
as you can: 

1. Using the command mode writes a statement that calculates 
the sum of 4 and 2. 

2. Write a program that requires a user to input two numbers 
(X and Y) and then will display on the screen the larger of 
the two numbers. 

3. Write a program that will compute and display on the 
screen the area of a rectangle which is assigned a width of 
10 and a length of 5. 

4. Write a program that prints your name 10 times. 

5. Write a program that allows users to input their first 
name and then their last name and display on the screen 
their last and then their first name. 
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APPENDIX K 

ATTITUDE TOWARD COMPUTER PROGRAMMING LANGUAGE 

Password: EDIT . ^ . 

Read the statements below. Decide whether you stronalv 
disagree (SD), disagree (D) , no opinion (N) , agree (A), or 
strongly agree (SA) . Then put a check in the corresponding 
place. All of the statements have to do with programming 
language. 

1. Programming is fun. SD D N A SA 

2. Computer programming should not be 
taught in this class. SD D N A SA 

3. Discovering solutions to programming 
problems is exciting. SD D N A SA 

4. Programming is good because it makes 
you think. SD D N A SA 

5. It is fun to think about programming 

problems outside of class. SD D N A SA 

6. Programming problems are frustrating.SD D N A SA 

7. Doing the programming problems is 
boring. SD D N A SA 

8. One cannot use what is taught in 
programming outside of this class. 

9. Programming is very interesting. 

10. Discovering the solutions to 
programming problems is frustrating. SD 

11. Programming is too complicated. 

12. Programming is logical. 

13. Knowledge of programming is 
necessary. 

14. Programming takes too long. 

15. Programming presents a challenge. 
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SD 

SD 

SD 

SD 

SD 

SD 

SD 

SD 

-D 

D 

D 

D 

D 

D 

D 

D 

N 

N 

N 

N 

N 

N 

N 

N 

A 

A 

A 

A 

A 

A 

A 

A 

SA 

SA 

SA 

SA 

SA 

SA 

SA 

SA 



16. Programming is frightening. 

17. Programming is a waste of time. 

18. It is fun to program. 

19. Every college student should teOce a 
course in programming. 

20. It is not necessary for a college 
student to know anything about 

SD 

SD 

SD 

D 

D 

D 

N 

N 

N 

A 

A 

A 

SA 

SA 

SA 

SD D N A SA 

programming. SD D N A SA 
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