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ABSTRACT 

The major purposes of this study were to determine the main cognitive tempo 

(reflection vs. impulsivity) effect on the approach to hypermedia instmction, learning 

achievement, and self-efficacy in a hypermedia leaming environment. The present study 

also investigated the main training (training vs. no training) effect on navigation pattems, 

leaming achievement, and self-efficacy in a hypermedia leaming environment. In 

addition, the interaction effects of cognitive tempo (reflection vs. impulsivity) and 

training (training vs. no training) on navigation pattems, leaming achievement, and self-

efficacy were investigated in a hypermedia leaming environment to determine which type 

of leamers benefit more fi-om training treatment. 

One hundred and eleven college students fi-om a state university in northwest 

Texas voluntarily participated in this experiment. This quasi-experimental study involved 

a 2 X 2 factorial design. 

Results found no significance on navigation pattems measured by number of 

resource nodes visited, time spent at resource nodes, and nonlinearity of navigation 

sequence between students with different cognitive styles. However, relatively reflecti\'e 

students visited more resource nodes and stayed longer on resource nodes than the 

relatively impulsive students. No significant results were found on student leaming 

achievement. It was shown that the relatively impulsive students performed as well as the 

relatively reflective students. The results found that the relativel) reflective students had a 

significantly higher self-efficacy score than relatively impulsive students. No significant 

Vlll 



results were obtained for the training effect. Students with different cognitive styles did 

not significantly benefit from different treatments (training vs. no training). 
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CHAPTER I 

INTRODUCTION 

The purpose of this study was to determine the effects of cognitive style 

preferences on navigation pattems, leaming achievement, and self-efficacy in a 

hypermedia leaming environment. The present study also compared the effects of two 

different hypermedia-based leaming environments (training, no training) on 

programming concept leaming, as well as the interaction effect between the cognitive 

tempo and training. 

Rationale 

Hypermedia is a new leaming environment. It shares many characteristics with 

other forms of computer-based leaming material, but has a node and link stmcture which 

enables the user to quickly and easily explore the content in a nonlinear and interactive 

way (Megarry, 1988; Conklin, 1987). This stmcture makes it more flexible for 

instmctional designers and leamers, however, it also makes it more difficult for leamers 

to manage their leaming activities effectively. A variety of problems have been found to 

be associated with students leaming in hypermedia leaming environments. 

Disorientation, or becoming "lost," in a new and nonlinear leaming environment appears 

to be a common phenomenon among novice users of hypermedia leaming environments 

(Gay, Tmmbull, Mazur, 1991; Jonassen, 1991; Marchionini, 1988). Disorientation may 

result from the excessive amount of information available (information overload) or 



inappropriate design and stmcture of the database (Jonassen. 1991; Marchionini, 1988). 

Furthermore, leamers can impose their own assumptions on instmctional content, 

regardless of the design selections by the designers, and hypermedia provides a wide 

variety of options for such assumptions (Shirk, 1992). The leamers' interpretation of the 

structure of hypermedia is related to leamers' cognitive style. However, little research has 

been accomplished in the area of cognitive style and students' interpretations applied to 

hypermedia instruction, so we know virtually nothing about how effective certain 

hypermedia discourse stmctures are upon the leaming process for students with different 

cognitive styles. 

One question of interest in this study is, "How do we stmcture 

hypertext/hypermedia for maximum leaming?" Jonassen (1988) states that one way to 

answer this question is to develop a path analysis program to identify any prominent 

access paths leamers take through hypertext/hypermedia. After identifying any prominent 

access paths, he suggests relating these to field articulation, serialist/holist leaming styles, 

etc. 

In any independent leaming experience, from traditional print to computer-

assisted instruction, the leamer strikes a path through the medium. In a linear leaming 

environment, the path is fixed and predetermined by the producer; leamers share 

essentially identical instmctional experiences. Interactive leaming environments, on the 

other hand, provides the leamer with the opportunity to shape the program, and 

consequently the leaming experience. Two leamers may be able to traverse the same 

instmctional materials, perhaps even achieve the same objectives, yet not share a 



common experience. By their very nature, interactive media are programs intentionally 

designed in segments, in which leamer responses to stmctured opportunities such as 

menus or questions influence the sequence, size, and shape of the program (Schwier, 

1987), and which may also influence the quality of the leaming. The paths individuals 

strike through interactive media vary; we can assume that most leamers will not share 

common leaming experiences (Misanchuk & Schwier, 1992). 

In the context of multimedia/hypermedia stmctures, since designer influence is 

reduced, and leamer influence is increased, efficiency is measured in a different way. In 

multimedia/hypermedia, the purpose is not to optimize the treatment, but rather to open 

up the number of possibilities available to the leamer (Misanchuk & Schwier, 1992). 

Tracking and finding the user access preferences in interactive hypermedia across 

different leaming styles will help us open up more opportunities to the leamer. Jonassen 

(1989) recommends that information models based on these individual differences can be 

either deductively or inductively developed. The interest of the researcher in this study is 

an inductively developed model. Jonassen's two approaches may be summarized as 

follows. 

Deductively developed model This top-down approach to designing the 

information model requires starting with a content stmcture or expert's knowledge 

stmcture. According to Jonassen (1988), "if we assume that leaming is the process of 

replicating the expert's knowledge stmcture in the leamer's knowledge stmcture, then 

leaming should be facilitated by a hypertext that replicates the expert's knowledge in the 

stmcture of the hypertext and explicitly conveys that stmcture" (p. 85). He further 



suggests that one can define that ideal knowledge structure by using quantitative methods 

to develop a cognitive or semantic map of the expert's knowledge by statistically 

analyzing word associations of all of the related concepts in the concept domain. 

Semantic networking software can also be used to assist in identifying all the nodes and 

their relationships, resulting in a map of the subject matter domain. 

Inductively developed model. This bottom-up approach to hypertext design is 

based on observations of how users navigate through unstmctured hypertext and how 

they assimilate information from hypertext. When looking for pattems of access and their 

relationship to individual differences to identify predictor variables, Jonassen suggests 

starting by providing leamers with access to unstmctured hypertext, and then auditing the 

paths which these users take, classifying the prominent paths or routes. Next one can 

develop guided tours of the hypertext based upon these path analyses, evaluate the user's 

preferred leaming style, and finally assign a guided tour of the hypertext that is consistent 

with the user's style. 

Jonassen's two developmental approaches are opposites—the deductive model is 

focused on the knowledge expert, and the inductive model is focused on the leamer. The 

focus on the leamer is the interest of the proposed research, since leamers' characteristics 

affect nonlinear leaming, regardless of the stmcture of the program. The relationship 

between a leamer's typical paths through information and preferred cognitive style will 

be examined. 

Shirk (1992) suggests that one needs to consider the presence of cognitive 

architectures brought to the hypermedia instmction by the leamer. Perhaps, in their 



planning during this early stage of development, instmctional designers of hypermedia 

should be a bit less concemed about selecting the mental models for the information they 

present for instmctional purposes based on content and their ovm predictions, and more 

concemed about the mental models leamers bring to a particular subject matter or body of 

knowledge. There is much work to be done in observing leamers using hypermedia 

systems of all sizes and in investigating what is and is not effective. 

Leaming is a complex task. Dealing with information is difficult for all leamers. 

Hypermedia is a unique tool but "no one arrangement of information proves convenient 

for all who need that information" (Landow, 1992, p. 18). The quality of instmction is 

greatly influenced by the particular mix of student characteristics, teacher approach, and 

classroom organization (Keefe, 1987, p.5). Keefe indicated that student stylistic 

variations have been overlooked. Keefe further points out that Bloom's model looks at 

school leaming primarily from the instmctional perspective. It deals with prior leaming 

and motivation, the nature of the leaming tasks, and indicators of leaming effectiveness. 

It has not been directly concemed with the wide variety of approaches that a teacher may 

utilize in creating a leaming environment. Nor does it (Bloom's model) consider the 

range of diagnostic information needed to respond to student differences. Leaming styles 

are characteristic cognitive, affective, and physiological behaviors that serve as relatively 

stable indicators of how leamers perceive, interact with, and respond to the leaming 

environment (NASSP, 1979). Leaming style and cognitive style have been used 

synonymously in the literature although they decidedly are not the same. Cognitive st\ les 

refer to leamers' information processing habits representing the leamer's t\ pical mode of 



perceiving, thinking, problem solving, and remembering (Messick, 1976). Cognitive 

styles are the pervasive traits that manifest themselves in an individual's perceptual and 

intellectual abilities, and in personality as well (Greco & McClung, 1979; Witkin, 1977). 

Cognitive styles tend to remain stable over time and across tasks (Ausbum & Ausbum, 

1978). Cognitive styles of information processing not only result in leaming preferences, 

but also lead to individual differences in achievement and approaches to using a computer 

system (Coventry, 1990; Van der Veer & Felt, 1988). Of all the dimensions of cognitive 

style, the researcher's interest in the present study is cognitive tempo (reflection-

impulsivity). 

The constmct of cognitive tempo, as developed by Kagan (1966), has been widely 

used as a criterion measure in a variety of research areas. Reflection-impulsivity describes 

the tendency to reflect on the validity of problem solving under a very special condition, 

namely, when several possible altematives are available and there is some uncertainty 

over which is the most appropriate. Cognitive tempo refers to individual differences in 

the speed and accuracy of hypothesis formulation and information processing on a 

continuum of reflection versus impulsivity. Impulsives tend to give the first answer they 

can think of even though it is often incorrect. Reflectives prefer to consider altemate 

solutions before deciding and give more reasoned responses (Kagan, 1966). Kagan 

pointed out that the reflective person tends to analyze and thoroughly differentiate a 

complex concept; an impulsive person is inclined to make quick and often erroneous 

responses. Reflective leamers more actively evaluate the stimuli (Kagan, Pearson, & 

Welch, 1966a). The reflective leamer not only spends more time evaluating hypotheses. 



but also gathers more information on which to base decisions, and uses the information 

more systematically than the impulsive leamer (Messer, 1976). Several studies reviewed 

by Messer (1976) suggest that the search of reflectives involves greater concentration on 

analogous parts of the variants. By contrast, the viewing behavior of impulsives is less 

systematic and more global. In particular, they do not scan the field for distinctive 

features as systematically as reflectives (Messer, 1976). Reflectives are significantly more 

field independent than impulsives (Campbell & Douglas, 1972; Keogh & Donlon, 1972: 

Massari, 1975; Massari & Massari, 1973; Mumbauer & Miller, 1972; Neimark, 1975; 

Schleifer & Douglas, 1973). A substantial body of research, reviewed by Messer (1976), 

now exists that demonstrates differential performance by reflective and impulsive 

children on a wide range of cognitive/academic tasks including reading (Kagan, 1965), 

perceptual leaming (Odom, Mclntyre, & Neale, 1971), visual analysis (Zelniker & 

Jeffrey, 1976), and concept shifts (Peters, 1979). 

Based on these studies, it can be expected that reflective and impulsive leamers 

will perform differently when experiencing hypermedia leaming environments. However, 

relatively little attention has been given to determining whether individual differences in 

reflection-impulsivity are related to either performance in nonlinear leaming 

environments or to differences in navigation behavior. The present study examines how 

cognitive style affects the leamer approaching a hypermedia leaming environment. 

The second approach of the present study was designed to determine whether 

leamers' navigation pattems, leaming achievement and self-efficacy in a hypermedia 

leaming environment would be affected by a training treatment. Within the framework of 



the proposed research, training was classified as a metacognitive strategy support for 

leaming. Leaming strategies are techniques used to alter a student's leaming process 

(Weinstein & Mayer, 1986). More specifically, cognitive strategies are defined as 

intemalized processes used by leamers to select and modify their ways of attending, 

leaming, remembering, and thinking (Gagne, Briggs, & Wager, 1988). In order to support 

the use of cognitive strategies within the design of a computer-based leaming 

environment, designers should take into consideration the user's ability to engage in a 

particular cognitive strategy, and the appropriateness of the cognitive strategies selected 

(Jones, Farquhar, & Surry, 1994). Researchers have investigated the effectiveness of 

training students to use leaming strategies in reading, with generally positive effects on 

achievement (Haller, Child, & Walberg, 1988). Effective leamers appear to be active 

information processors and comprehenders who can successfully control and monitor 

their leaming activities. Several investigators have also shown that both children and 

adults can be readily trained to use representations, strategies, and knowledge to 

comprehend information, solve problems, and regulate their cognitive processes 

(Butterfield & Nelson, 1989; Dansereau, 1985; Deny & Murphy, 1986). 

In the present study, the purpose of training was to teach leamers to use 

appropriate leaming strategies in a hypermedia leaming environment. Training might 

optimize the leaming process. One of the benefits of hypermedia and multimedia 

environments is the ability to utilize numerous leaming strategies. In such complex 

computer-based leaming environments, which provide little stmcture, leamers must 

regulate and control their own leaming. They need to know how to make the best use of 



the resources provided by program. In order to accomplish this, they need the 

metacognitive skills necessary for effectively controlling and dealing with their activities. 

These may be practiced, and to a limited extent, trained by the instmctional materials 

(Jonassen, 1985; Pace, 1985). It was hypothesized that when training is incorporated into 

a hypermedia leaming environment increases will be seen in self-efficacy and 

achievement outcome measures. 

Statement of the Problem 

In summary, training the leamer to use appropriate leaming strategies in a 

hypermedia leaming environment, might optimize the leaming process. Furthermore, 

leamers can impose their own interpretations on instmctional content, regardless of the 

design selections by designers, and hypermedia provides a wide variety of options for 

such interpretations (Shirk, 1992). The leamers' interpretation of the stmcture of 

hypermedia is related to leamers' cognitive style. This study examined the effects of 

training and cognitive style, as well as the interaction effects between the training and the 

cognitive style on navigation pattems, leaming achievement, and self-efficacy in a 

hypermedia leaming environment. 

Research Questions 

In conducting this study, the foliov^ng research questions were formulated: 



1. Are there differences on students' navigation pattems in a hypermedia 

environment caused by a training effect, a cognitive tempo effect, or the interaction effect 

between the two variables? 

2. Are there differences on students' leaming achievement in a hypermedia 

environment caused by a training effect, a cognitive tempo effect, or the interaction effect 

between the two variables? 

3. Are there differences on students' self-efficacy in a hypermedia environment 

caused by a training effect, a cognitive tempo effect, or the interaction effect between the 

two variables? 

Research Hypotheses 

The following hypotheses were generated based on the identified questions: 

Hypothesis 1: There is no significant main training effect (training vs. no training) 

or cognitive tempo effect (impulsivity vs. reflectivity), nor interaction between the two 

variables on students' navigation pattems in a hypermedia leaming environment, 

measured by number of visits to resource nodes or information units, time spent at 

resource nodes, and nonlinearity of navigation sequence. 

Subhypothesis 1.1: There is no significant main training effect (training vs. no 

training) on students' navigation pattems in a hypermedia leaming environment, 

measured by number of visits to resource nodes or information units, time spent at 

resource nodes, and nonlinearity of navigation sequence. 
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Subhypothesis 1.2: There is no significant main cognitive tempo effect 

(impulsivity vs. reflectivity) on students' navigation pattems in a hypermedia leaming 

environment, measured by number of visits to resource nodes or information units, time 

spent at resource nodes, and nonlinearity of navigation sequence. 

Subhypothesis 1.3: There is no significant interaction effect between training 

(training vs. no training) and cognitive tempo (impulsivity vs. reflectivity) on students" 

navigation pattems in a hypermedia leaming environment, measured by number of visits 

to resource nodes or information units, time spent at resource nodes, and nonlinearity of 

navigation sequence. 

Hypothesis 2: There is no significant main training effect (training vs. no training) 

or cognitive tempo effect (impulsivity vs. reflectivity), nor interaction between the two 

variables on students' leaming achievement in a hypermedia leaming environment. 

Subhypothesis 2.1: There is no significant main training effect (training vs. no 

training) on students' leaming achievement in a hypermedia leaming environment. 

Subhypothesis 2.2: There is no significant main cognitive tempo effect 

(impulsivity vs. reflectivity) on students' leaming achievement in a hypermedia leaming 

environment. 

Subhypothesis 2.3: There is no significant interaction effect between training 

(training vs. no training) and cognitive tempo (impulsivity vs. reflectivity) on students" 

leaming achievement in a hypermedia leaming environment. 

11 



Hypothesis 3: There is no significant main training effect (training vs. no training) 

or cognitive tempo effect (impulsivity vs. reflectivity), nor interaction between the two 

variables on students' self-efficacy in a hypermedia leaming environment. 

Subhypothesis 3.1: There is no significant main training effect (training vs. no 

training) on students' self-efficacy in a hypermedia leaming environment. 

Subhypothesis 3.2: There is no significant main cognitive tempo effect 

(impulsivity vs. reflectivity) on students' self-efficacy in a hypermedia leaming 

environment. 

Subhypothesis 3.3: There is no significant interaction effect between training 

(training vs. no training) and cognitive tempo (impulsivity vs. reflectivity) on students" 

self-efficacy in a hypermedia leaming environment. 

Definition of Terms 

The following terms have been defined for the purposes of the study: 

Hypertext, a term credited to Theodor Nelson during the 1960s, describes 

information linked in a nonsequential or nontraditional manner. Nelson (1988) has 

suggested that information organized by associative webs or links is superior to 

information organized sequentially because sequential schemes can impede and 

irreparably divide or carve up information to the point that it becomes not only 

ungovemable but unlocatable as well. 

12 



Navigation pattems are defined as a constmct variable. The constmct was 

measured using three variables: number of visits to resource nodes or information units, 

time spent at resource nodes, and nonlinearity of navigation sequence. 

Metacognition is a cognitive process that has executive control over cognitive 

strategies. Metacognition generally refers to awareness of one's own knowledge and the 

ability to understand, control, and manipulate individual cognitive processes (Brown, 

Bransford, Ferrara, & Campione, 1983; Flavell, 1979; Flavell & Wellman, 1977; Reeve 

& Brown, 1984). The term also has been used to refer to factual, long term knowledge 

about cognitive tasks, strategies, current memory states, and conscious feelings related to 

cognitive activities (Wellman, 1983). Operationally, metacognition refers to one's 

prepositional, procedural, and conditional knowledge and the control of associated 

cognitive processes and activities. 

Self-efficacy reflects an individual's confidence in his/her ability to perform the 

behavior required to produce specific outcomes and is thought to directly impact the 

choice to engage in a task, as well as the effort that will be expended and the persistence 

that will be exhibited (Bandura, 1977; Schunk, 1985). 

Hypermedia is not a single technology but a mixture of technologies controlled by 

hypertext. Hypermedia can include information from any number of video and audio 

sources (e.g., music, text, animation, film, graphics, speech, still images). 



CHAPTER II 

REVIEW OF THE LITERATURE 

The literature review will address the theoretical and research issues that serve as 

the conceptual framework for this study. It investigates the following major areas: (a) 

cognitive theory and cognitive development, (b) cognitive leaming style theory and 

practice, (c) self-efficacy theory, (d) hypermedia leaming environment characteristics and 

problems, (e) the use of training as metacognitive strategy support in nonlinear leaming 

environment, and (f) the influence of graphical browsers. 

Cognitive Theory and Cognitive Development 

During the past two decades, emphasis on how information is selected, perceived, 

processed, and received has emerged as the dominant interest among cognitive 

researchers (Di Vesta, 1987). Cognitive psychologists focus attention on the leaming 

process itself and attribute a greater degree of autonomy and initiative to the leamer than 

do behaviorists (Bnmer, 1960; Carey, 1986; Hilgard & Bower, 1975). Cognitive 

psychologists view the individual as paramount in mediating leaming. Cognitive theory 

concentrates on the conceptualization of students' leaming processes. It focuses on the 

exploration of the way information is received, organized, retained, and used by the brain. 

When instmction is designed, components of the cognitive stmcture of the leamer should 

be taken into account. Several persons have been influential in advocating the cognitive 

approach, including Jerome Bmner, Jean Piaget, and Seymour Papert. Bruner (1960) has 

14 



proposed that much of behavior depends on how we stmcture knowledge about ourselves 

and the world around us. Cognitive theorists believe that instmction must be based on a 

student's existing state of mental organization, or schema. How knowledge is intemally 

stmctured or organized by a student has considerable impact on whether new leaming 

will occur. New leaming is based on using prior knowledge to understand new situations, 

and changing prior knowledge stmctures to deal with new situations. According to 

cognitive theory, information must be organized in a way that helps leamers connect the 

new information with current knowledge in a meaningful way. Cognitive theory 

advocates the importance of determining as much as possible about the leamer, and the 

processes used by the leamer to intemalize information so that instmction can be 

optimally designed. Hannafin (1992) described a most fundamental shift of computer-

based instmction (CBI) in that the role of the leamer in mediating instmctional 

effectiveness must be reconsidered. Students as mediators of leaming become the focus 

of the leamer-instmction transaction rather than the instmctional materials per se ~ a 

subtle but fundamental departure from traditional approaches. 

Cognitive Leaming Style Theory and Practice 

Today, cognitive style researchers and practitioners generally fall into two schools 

of thought (Keffe, 1987). Some researchers and theorists continue to examine different 

instmctional variables and conditions in search of basic teaching and leaming models, 

while other practitioners and some researchers concentrate on various innovative ways of 

changing the teaching /leaming environment to accommodate the needs of different types 

15 



of leamers. As Ausbum (1978) described in the aptitude-treatment interaction (ATI) 

approach, information processing is the key link that provides a basis for interaction 

between leamers and an instmctional treatment. Leamer aptitude is defined in terms of 

cognitive style, or the aptitude for the modes or manners of information processing that 

may be required by a certain leaming task. The plan for designing appropriate 

instmctional treatments hinges on an effort to overtly assist leamers with cognitive styles 

inappropriate for the processing required by a task. In general, the concept of cognitive 

style refers to psychological dimensions that represent consistencies in an individual's 

manner of acquiring and processing information. In other words, it concerns individual 

differences in the process of cognition, which generally includes all processes by which 

knowledge is acquired: perception, thought, memory, imagery in the "picture-in-the-

mind" sense defined by Fleming (1977), and problem solving. Ausbum states that the 

notion of variations in style of cognition implies the existence of individual differences 

and preferences in actual modes or manners of gaining, storing, processing, and using 

information as well (1978). Styles illustrate the process of cognition, and tell how 

information is being processed. Moreover, styles are controlling mechanisms concemed 

with the manner or preference of performance and are value differentiated ~ each extreme 

may be leaming-adaptive depending on the circumstances. 

Sufficient research has been conducted on cognitive styles to produce several 

important conclusions. There are three important aspects of cognitive styles (Ausbum, 

1978). One is their generality and stability over time and across tasks. Most cognitive 

styles have been shown to be consistent for individuals across a variety of tasks sharing 

16 



common style-eliciting characteristics. Moreover, relative cognitive style tends to remain 

stable over time. Although there is evidence that absolute levels of cognitive style factors 

increase at certain age levels, individuals tend to maintain their cognitive style 

characteristics relative to their peer group. Related to the stability of cognitive styles is 

the apparent general resistance of certain styles to training and change. The style 

dimensions that possess an element of ability as well as strategy have shown especially 

marked resistance to experimental attempts at long-term and generalized modifications. 

Such cognitive characteristics as field independence/dependence, cognitive tempo, and 

visual/haptic perceptual type appear to be deeply ingrained in individuals. Available data 

support several sources of the strength of cognitive styles. Applying this to instmctional 

design (or instmctional setting), leamer cognitive style characteristics must be considered 

in order to meet the needs of different individuals. Another significant characteristic of 

cognitive styles is their apparently minimal relationship with traditional measures of 

general ability. Some studies have found small but statistically significant correlations 

between certain cognitive styles (notably field independence and cognitive tempo) and 

standard IQ tests (see Witkin, Faterson, Goodenough, & Karp, 1966; Goodenough & 

Karp, 1961). However, it would appear that relationships between general ability and 

cognitive style are questionable and generally too small to be of practical significance. 

Perhaps the most important characteristic of cognitive styles, at least to the field 

of educational technology and instmctional design, is their relationship to a number of 

specific characteristics, abilities, and leaming activities. Numerous studies have 

demonstrated such relationships empirically (see Kogan, 1971, and Ausbum, 1976, on 
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relationships between cognitive styles, ability and achievement variables, and 

psychological characteristics). Some relationships involve such areas as psychological 

and personality factors, perceptual pattems, and social orientation. While these are 

interesting and valuable in the general study of links between human behavior and 

cognitive functioning, they are not as important for the designer of instmction as are 

relationships between cognitive styles and ability to master leaming tasks encountered in 

teaching situations. Although cognitive styles have been related to many leaming abilities 

and activities, little research has been conducted on the interactions between cognitive 

styles and instmctional designs, techniques, and presentation systems. It has been 

recognized when a leamer's manner of transforming leaming stimuli prevents successful 

performance of a leaming task, some assistance must be given. Ausbum (1978) suggests 

that one approach might be to alter the cognitive style that is causing the leamer to make 

inappropriate transformations. However, because cognitive styles strongly resist 

alteration and because a given cognitive style might be beneficial on a task of a different 

kind, the view that stimulus transformation incompatible with the requirements of a 

specific task is a leamer-based problem is not likely to work well in improving leamer 

performance. A more successful approach might be to view the problem as instmction-

based and to design appropriate instmction to help leamers deal with the task that is 

causing difficulty. Today, proponents of individualization, for example, believe in 

modifying the leaming environment, not training the child. Hypothesizing that student 

leaming style and cognitive skills are relatively stable, these practitioners and researchers 

(Kogan, 1971; Ausbum, 1976) advocate wide variety in leaming settings, resources, and 
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instmctional methodologies. If a student has difficulty in problem solving tasks, they 

would modify the instmctional settings. A hypermedia leaming environment has the 

potential of providing a variety of flexible instmctional settings. However, the prominent 

path taken by leamers with certain cognitive styles has to be identified in order to open up 

more opportunities to leamers. The present study combined Jonassen's two 

developmental approaches, the deductive model, which is focused on the knowledge 

expert, and the inductive model, which is focused on the leamer characteristics. This 

project investigates the effect of student leaming cognitive style on leaming achievement, 

navigation pattem and improved self-efficacy in a hypermedia leaming environment. 

The Cognitive Style of Reflection/Impulsivity 

Reflection/Impulsivity describes the tendency to reflect on the solution to a 

problem where several altematives are possible and there is high uncertainty over which 

is the most appropriate (see Kagan, Rossman, Day, Albert, & Phillips, 1964, for the 

initial development of R/I). As Kagan (1966) explained, the "impulsives" reach decisions 

and report them very quickly with little concem for accuracy. Others, of equal 

intelligence, are more concemed with accuracy and consequently take more time to reach 

a decision. These are "reflective." The most common operational definition of 

reflection/impulsivity includes response time and errors; in cases in which only response 

time is used for this purpose, it is presumed that longer response times are associated with 

fewer errors. The instmment most often used to measure reflection/impulsivity is the 

Matching Familiar Figures Test (MFFT, Kagan et al., 1964). Different forms of the 
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MFFT are available for preschoolers, school age children, and adults. A substantial body 

of research, reviewed by Messer (1976), now exists that demonstrates differential 

performance by reflective and impulsive children on a wide range of cognitive/academic 

tasks including reading (Kagan, 1965), perceptual leaming (Odom, Mclntyre, & Neale, 

1971, visual analysis (Zelniker & Jeffrey, 1976), and concept shifts (Peters, 1979). 

Recent investigations (Bemfeld, 1978; Peter, 1983) have examined the relationship 

between social reasoning and conceptual tempo or reflection-impulsivity. These studies 

reported a tendency for reflective children to choose assertive and physically aggressive 

modes, while impulsive children chose yielding responses and appeals to authority. Such 

findings support the notion that reflective performance entails a more active problem-

solving style, whereas impulsive performance results from a passive exploratory 

problem-solving strategy (Wright, 1977). Messer (1976) found the MFFT predictive of 

problem solving ability on tasks with response uncertainty, e.g., multiple-choice tests. 

Messer also noted impulsive subjects succeed less well in school and have deficient 

reading skills. Other research concems the relation of cognitive tempo and hyperactivity 

(Campbell, Douglas, & Morgenstem, 1971), leaming disabilities (Keogh & Donlon, 

1972; Walker, 1985), and creativity (Ward, 1968). McCluskey and Wright (1973) found 

that reflectives looked at the stimuli on the MFFT more exhaustively than did impulsives. 

One important component of information processing is the allocation of attention to 

certain aspects of the task stimuli while ignoring other aspects. The studies examined by 

Zelnicker and Jeffrey (1979) showed that reflectives tended to attend more closely to 

details, thereby performing better than impulsives on tasks requiring such attention, 
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whereas impulsives did as well as, though not better than, reflectives on tasks requiring 

global analysis. 

In summary, reflection/impulsivity is related to problem solving in children and 

adults. That is, reflection/impulsivity describes not only a delay in response speed 

accompanied by greater accuracy but also the way in which an individual's problem-

solving activities might differ. "The reflection-impulsivity dimension describes the 

degree to which a subject reflects on the differential validity of altemative solution 

hypotheses in situations where many response possibilities are available simultaneously" 

(Kagan, 1966, p.l 19). Therefore, reflective children gather information more 

systematically and evaluate it more thoroughly than impulsive children (Drake, 1970). 

Cognitive tempo is developmental in nature (Carroll, 1980; Fischer, 1979); however, it 

remains fairly stable over time (Kagan et al., 1964). 

Several studies indicate individual differences related to reflection/impulsivity. 

Drake (1970) states, for example, impulsives do not scan all of the options on the 

Matching Familiar Figures Test before making a response. Instmction in scanning 

strategies may increase response time and decrease errors (Heider, 1971). Moreover, 

reflectives score higher on verbal ability tests (Cormicle, 1983; Simpkins, 1981); 

however, these deficits for impulsives can usually be reduced through training. Leitgeb, 

Bolocofsky, and Obmtz (1986) found that field-dependence/independence was related to 

cognitive tempo, with independents being more reflective and dependents being more 

impulsive. FD/I and I/R involve similar modes of information processing, so they are 
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highly related with that relationship becoming stronger with age (Haynes & Miller, 

1987). 

Impulsive and reflective cognitive styles are not highly related to intelligence 

within the normal range. However, as children grow older, they generally grow more 

reflective, and for school-age children, being more reflective does seem to improve 

performance on school tasks such as reading (Kogan, 1983; Smith & Caplan, 1988). 

Based upon the research and the descriptions of reflection/impulsivity, it was 

concluded that it is a unipolar constmct, so impulsives are less skilled than reflectives, 

and therefore they will probably not excel on many tasks. At least, there is no research to 

support an advantage for impulsives. It was also concluded that reflective leamers are 

more likely to excel at leaming tasks such as: recall of stmctured information, reading 

comprehension and interpretation of text, and problem-solving and decision-making 

tasks. Moreover, reflective leamers acquire and use effectively leaming strategies such as 

setting their own leaming goals, concentrating on information, comparing new 

knowledge with existing knowledge or beliefs, and metacognitive strategies, such as 

regulating mood or testing personal skills (Jonassen & Grabowski, 1993, p. 118). 

Some leamers clearly need more responsive instmctional environments, reflected 

in many recent innovative teaching methods. Other leamers need better cognitive skills to 

cope with the existing leaming environment. If a youngster even fails to respond to 

matched conditions of leaming, then we must retrain his or her cognitive styles to make 

school success possible. Indeed, some leamers require both cognitive training and more 
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personalized programs of instmction to achieve success in school, which supports 

providing training in hypermedia instmction. 

There is almost no research on how these cognitive styles are expressed in the 

styles of processing information in problem solving tasks in a hypermedia leaming 

environment at the college level. Thus, the present study examines college students. This 

study will determine the relationship between cognitive style (reflection-impulsivity) and 

information exploration pattem. It is expected to that reflectives, because of their 

systematic and detailed exploration, will show more selective attention than others. It 

might also be expected that reflectives will have a more productive and consistent 

navigation pattem, while impulsives will use a less productive and more random path. 

Self-efficacy Theory 

Bandura (1977, 1982) has proposed a theory of self-efficacy that provides a useful 

framework for understanding the behavior of individuals with respect to the acceptance or 

rejection of innovative practices. Self-efficacy is concemed with judgments about how 

well one can organize and execute courses of action required to deal with prospective 

situations that contain ambiguous, unpredictable, and often stressful elements. In other 

words, it is the conviction that one can successfully execute the behaviors required to 

produce a desired outcome. These judgments are important because self-percepts affect 

not only the decisions individuals make, but how much effort they will expend on any 

particular task, and how persistent they will be to master that task (Bandura, 1982: Poser, 

1979). 
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Bandura (1977a) also describes self-efficacy as a dynamic process involving self-

referent thought, affect, and actions. Bandura believes that people form estimates of their 

personal efficacy by evaluating information from four principal sources: previous 

successes or failures, observation of others' successes or failures, verbal persuasion, and 

affective arousal. Such estimates then operate as "cognitive mediators of action" 

(Bandura, 1986). Research has shown that self-percepts of efficacy influence choice of 

activities and environmental settings, effort expenditure, and persistence regardless of 

whether such appraisals are faulty or accurate (Bandura, 1986; Schunk, 1989). 

In fact, the relationship between self-efficacy and behavior has been explored in a 

series of clinical experiments designed to reduce anxiety (Bandura & Adams, 1977). Self-

efficacy expectations have been found to be an accurate predictor of individual task 

performance. Several researchers (Hurt, Joseph, & Cook, 1977; Kirton, 1976) have 

demonstrated that an individual's self-perceptions of innovativeness provide an accurate 

predictor of innovation-acceptance behavior. Most of the self-efficacy literature reviewed 

by Olivier and Shapiro (1993) revealed that those who possess a high degree of self-

efficacy tend to be higher achievers than those who have a lower degree self-efficacy. It is 

most important to note that most of this research has been task- and situation-specific. 

Computer technologies are important tools for leaming, communicating, and 

retrieving information. For individuals to effectively employ these tools, they must feel 

self-efficacious in using them. For this reason it is important to examine perceptions of 

competence that are encouraged by a college student's educational program. The present 
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research examines the effect of treatment with metacognitive training on self-efficacy in a 

hypermedia. 

High correlations are often found between reported self-efficacy and subsequent 

performance (Bandura & Adams, 1977; Bandura, Adams, & Beyer, 1977). Research 

(Hill, Smith, & Mann, 1987) suggests that self-efficacy is predictive of future 

engagement with computer technologies, and the experiences with computers affect 

future use only through their effects on self-efficacy. 

Only a few studies have touched upon the effect of self-efficacy relative to 

computers (Lewis, 1985; Robbins, 1986; Miura, 1986; Ellen, 1987; Jorde-Bloom, 1988; 

Murphy, Coover, & Owen, 1988; Gist, Schwoerer, & Rosen, 1989; Hattie, 1990). The 

study performed by Lewis (1985) supported the theory that direct computer experience 

influences an individual's development of self-efficacy and also is the most potent source 

of change in corrective leaming experiences. This finding is consistent with the statement 

that "performance accomplishments (direct experience) provide the most influential 

source of efficacy information" (Bandura, 1977). Lewis' (1985) findings also indicated 

that self-efficacy strength did increase significantly during the course of study. 

Research with university students suggests that positive effects can be encouraged 

through educational experiences with computers (Gilroy & Desai, 1986; Lambert & 

Lenthall, 1989), and that experience and positive attitudes are predictive of self-efficacy 

for computer technologies (Delcourt & Kinzie, 1993). Based on their research. Hill, 

Smith, and Mann (1987) extend this pattem, concluding that experience influences 

perceived efficacy with computer technologies, which in tum encourages further 
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adoption. As stated by Kinzie, Delcourt and Powers (1994), it is important to examine 

what sorts of educational experiences we are providing to university students, and what 

sorts of attitude and perceptions of competence are being encouraged. Therefore, the 

present study examined how the path one takes in a hypermedia leaming environment 

relates to student achievement in leaming and improved self-efficacy. 

No study has concentrated its efforts on self-efficacy in a hypermedia leaming 

environment. Although self-efficacy theory has the potential to supply both the instmctor 

and the student with valuable information, research in computer and hypermedia 

environments has been scarce. Computers and hypermedia environments are viewed as 

relatively new technologies and it is important to know how a leamer's self-efficacy in 

terms of a hypermedia leaming environment and achievement in leaming can be 

enhanced by employing an appropriate instmctional treatment. 

A person's successful performance of a given behavior is probably the most 

powerful source of positive self-efficacy expectations. Because experience and self-

knowledge go hand in hand, direct past performance accomplishments enable individuals 

to make more informed choices and more accurately assess their ability. Especially when 

facing obstacles, those who hold a high sense of efficacy should work harder and persist 

longer than those who doubt their capabilities (Bandura & Schunk, 1981; Schunk, 1984). 

Students holding a low sense of self-efficacy for achieving a task may attempt to avoid it, 

whereas those who feel more efficacious should participate more eagerly (Bandura, 1977; 

Schunk, 1984). In the present study, treatment with metacognitive training should provide 

necessary cognitive skills and positive leaming experiences, consequently, the leamer 
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may develop a stronger sense of self-efficacy. It is expected that the leamers with training 

will experience more productive navigation paths in such a new leaming environment. 

They will be more active and expend more effort to explore the information database. 

Therefore, they might gain more achievement in leaming. 

Hypermedia Leaming Environment Characteristics and Problems 

The concept of hypermedia and its applications has expanded considerably. 

Several publications detail the development and the features of hypermedia, including 

Marchionini (1988), Gluck (1989), and Vandergrift (1988). The review of hypermedia 

research related to navigation pattems, audit trails, path analysis, metacognitive training, 

and leamer cognitive style will be presented in this section. 

Research on Educational Technology and Hypermedia 

According to Nielsen (1990), hypertext is nonsequential, with no single order that 

determines the sequence in which the text is to be read. Hypertext presents several 

different options to the readers, and the individual reader determines which of them to 

follow at the time of reading the text. This means that the author of the text has set up a 

number of altematives for readers to explore rather than a single stream of information. 

Hypertext consists of interlinked pieces of text (or other information). The entire 

hypertext stmcture forms a network of nodes and links. Readers move about this network 

in an activity that is often referred to as browsing or navigating, rather than just 
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"reading," to emphasize that users must actively determine the order in which they read 

the nodes (Nielsen, 1990). 

Thompson, Simonson and Hargrave (1992) reviewed the research in the field of 

educational technology, and stated that the newest form of technologies is known as 

hypermedia. Not a great deal of research on hypermedia has been conducted and thus, 

definite directions for, and recommendations from hypermedia research are limited. Dede 

(1987) defined hypermedia as a framework for non-linear representation of symbols (p. 

196). He considered hypermedia an extemal associational memory where the technology 

provides assistance in organizing and accessing information. Hypermedia is viewed as an 

extension of hypertext, the electronic representation of text that takes advantage of the 

random access capabilities of computers; this random access capability permits the 

hypermedia user to overcome the strictly sequential medium of print on paper 

(Marchionini, 1988, p. 182). Hypermedia, according to Marchionini (1988), extends the 

means of information representation to include access to graphics, sound, and/or 

animation (Marchionini, 1988, p. 182). 

With hypermedia, students are not constrained in creating leaming environments 

by a single technology or media. According to Marchionini (1988), there are three main 

characteristics of hypermedia systems that have great potential for leaming and teaching. 

First, hypermedia systems allow huge collections of information in a variety of media to 

be stored in extremely compact form and accessed easily and rapidly. Thus, 

comprehensive and diverse materials can be assembled and delivered to leamers. More 

importantly, these materials can be linked both explicitly and implicitly. Comprehensive 
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quantities, varied formats, and dynamic linking offer leamers individualized access to 

rich intellectual environments. Second, hypermedia is an enabling rather than a directive 

environment, offering high levels of leamer control. Leamers may choose to follow well-

marked trails of explicit links or blaze new trails according to their individual abilities 

and objectives. Not only does hypermedia offer a new way to leam course content, but 

also it offers new ways of leaming how to leam-opportunities to diverge from the linear 

path, to tum the technology back on itself as an aid in reviewing, studying, and producing 

new interpretations of the content. Such a fluid environment requires leamers to 

constantly make decisions and evaluate progress, thus forcing students to apply higher 

order thinking skills. Overall, hypermedia offers the potential for new strategies of 

leaming, studying, and creating. Third, hypermedia offers the potential to alter the roles 

of teachers and leamers and the cmcial interactions between them. 

Although hypermedia systems offer the potential for creating rich environments 

for leaming any content, two main problems are apparent for all users, especially novice 

leamers: disorientation and distraction. The flexibility in "navigating" through such a 

leaming environment is almost limidess (Blanchard, 1990). However, challenges face 

developers of hypertext and hypermedia instmction because applications must be 

developed that allow for easy, personalized, nonsequential information searches. As 

Marchionini (1988) pointed out, navigational decision making and exploring the 

relationships among information sources may become as important as the informational 

content. For instance, if a student gets lost exploring information there must be easy ways 

to retrace and record steps. Conklin (1987) defined disorientation as twofold, the more 
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simple problem of finding out or knowing where you are in the system and the more 

difficuh problem of discovering how to get somewhere else in the system that you know, 

or think you know, how to exit. Conklin offered a technical solution to this in the form of 

graphical, map-like browsers. 

Access to increasingly larger and more frequently revised data sets (clusters of 

related information) makes cognitive overload increasingly more probable and 

emphasizes the need for efficient and efficacious strategies for examining this material 

(Charp, 1986; White, 1988). Moreover, one frequently finds developers of hypermedia 

and multimedia instmctional programs arguing for leamer "empowerment" and leamer 

control (Florin, 1990; Hannafin & Richer, 1989b; Lee, 1990). While such freedom and 

control may offer leamers opportunities to make novel connections and leam in divergent 

ways (Jonassen, 1991; Marchionini, 1988), it also offers opportunities for them to 

experience substantial cognitive overload and become disoriented with no sense of 

location, direction, or purpose (Case, 1980a; Gygi, 1990; Heller, 1990; Morariu, 1988; 

Oren, Salomon, Kreitman, & Don, 1990). As Gates (1992) points out, it appears that the 

skills that might enable leamers to make best use of the resources offered by 

hypermedia/multimedia products are those skills that fall under the heading of 

metacognition. The findings reviewed (Heller, 1990) in hypermedia discovery leaming 

conceming organizational schemes encourage educators to research and design HBI in 

which the stmcture of the material is not just available to the leamer through the use of a 

tool such as browser or concept map, but is also clearly presented to the leamer before the 

leamer begins to use the system, perhaps as part of introductory material. In the proposed 
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research, training of when and why to use certain tools to leam via hypermedia leaming 

environments has been included to provide leamers with metacognitive skills. 

Leamer Control 

Leamer control is an instmctional strategy that permits the leamer to direct the 

sequence of instmction, that is, to make decisions about the type and amount of 

instmctional support that he/she thinks is necessary. Rather than the instmction directing 

the leamer, the leamer is allowed to adapt the instmction to personal preferences or 

abilities (Jonassen & Grabinger, 1989). 

Leamer control of instmction is intuitively appealing. The argument is that 

students will be more motivated if allowed to be in control of their own leaming. Leamer 

control can alleviate boredom, fmstration, and anxiety because it enables students to skip 

over materials they have previously leamed or avoid materials which they are not 

prepared to study. Unfortunately, the research on leamer control has not generally 

supported any leaming benefits. Research reviewed by Steinberg (1977) has shown 

consistently that leamers, when given control over instmctional variables, do not make 

the best decisions. In addhion, in a review of the CAI literature, Steinberg (1977) found 

that the expected benefits of leamer control were not supported and that intuition was not 

substantiated. The problems of teaching in a hypermedia environment grow out of the 

problems of leaming addressed above (Marchionini, 1988). We know one potential of 

hypermedia is the degree of leamer control it allows. A fiandamental problem for teachers 

and instmctional designers is how to shape this potential into quality leamer control 
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experiences. We want our students to leam to explore information freely and easily, but 

with purpose and discipline. The privilege of freedom demands responsibility, therefore, 

the responsibilities of using hyperdocuments include knowing when and how to stay 

oriented and attentive to goals. Therefore, training of when and how to use specific 

metacognitive strategies embedded in a hypermedia leaming environment will be 

important for novice users to overcome disorientation and distraction in hypermedia 

leaming environments, and will help leamers to develop self-discipline to work in such a 

new leaming environment effectively and efficiently. 

Navigation 

One accesses a hypermedia system by navigating or following the predefined 

links through the network of information. In practice, Halasz and Conklin (1989) suggest 

that it is an absolute necessity that this navigation be aided by some stmctural overview. 

Leamers cannot quickly scan the material in a hypermedia system nor do they have years 

of experience to guide them. "Making the stmcture of the hyperbase explicit is one 

powerful aid to navigation" (Picher et al., p.39). Moreover, Mace (1989) suggests that 

some stmcture must be imposed on the material in order to guide the reader. Imposing 

stmcture will reduce the systemic complexity of the document, give information about 

the reader's location in the document, and allow the reader to reduce the amount of 

material retrieved. Park and Hannafin (1993) found that leamers become confused and 

disoriented when procedures are complex, insufficient, or inconsistent. Moreover, they 

pointed out that providing clearly defined procedures for navigating within the system 
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and accessing on-line support is necessary. The problems of being "lost in hyperspace" 

have been well-documented (Conklin, 1987; Duchastel, 1990). Leamers become easily 

confused and disoriented in complex interactive multimedia systems (Beasley & Lister. 

1992, Tripp & Roby, 1990). This has been attributed to factors such as inadequate 

directions, weak navigational interfaces, and deficient metacognitive strategies. However, 

the problem is also related to insufficient planned, strategic behaviors on the part of the 

leamer. Individuals "point and click'" with alarming rapidity, indicating that they invest 

insufficient mental effort (Park & Hannafin, 1993). 

Hypermedia Leaming Environment and Cognitive Style 

Hypermedia can represent knowledge in several different forms, and a 

hypermedia leaming environment apparently does not conform to any one informational 

and instmctional model (Jonassen, 1991). Designers of hypermedia leaming 

environments apparently "assume that users with abilities to select information, make 

connections with existing knowledge, organize their approach to accomplishing tasks, 

and monitor the process, will be those who can perform effectively in the type of self-

regulated environment of a hypermedia system" (Gay, Tmmbull, & Mazur, 1991, p. 190). 

Research on leaming in an HBI environment (Repman, Rooze, & Weller, 1991) 

indicates that students with different cognitive styles, specifically, field dependence/field 

independence, are served differently by hypermedia-based instmction. Furthermore, 

Repman and Weller (1992) showed that the relation between the students" infomiation-

accessing behavior with HBI and their measured cognitive style tends to be the opposite 
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for field independent students and field dependent students. Ginsburg and Zelman (1988) 

have pointed out that the role of individual differences in technologically-based leaming 

environments has often been overlooked. When Jonassen and Wang (1993) investigated 

different methods for making stmctural knowledge of hypertext information accessible to 

leamers, they observed treatment differences by cognitive style. Pan (1991) examined the 

interactive effects between different word-processing instmction methods and cognitive 

styles. Significant results revealed that field-dependent students benefited more from 

guided exploration than from direct instmction. Post (1984) studied the effects of 

different cognitive styles on computer-assisted instmction achievement. He found that 

field-independent students leamed more than field-dependent students from computer 

simulations and computer games. 

Based on these studies, it can be expected that field-independent and field-

dependent users will be different in the performance and leaming behavior. Cognitive 

tempo (impulsivity vs. reflection) is a similar variable (Kagan, 1965; Kagan, Rosman, 

Day, Albert, & Phillips, 1964) related to quality of problem solving, which describes the 

tendency to reflect on the validity of problem solving when several altemative solutions 

are available and a correct solution is not immediately obvious. Van Merrienboer (1988) 

examined the relationship between the cognitive tempo (reflection vs. impulsivity) and 

achievement in an introductory programming course in high school. Reflectives were 

found to be superior to impulsives in their scores on a program comprehension test. 

Therefore, it can be expected that cognitive tempo (impulsivity vs. reflectivity) will have 

effects on the approach to a hypermedia leaming environment, leaming achievement and 
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improved self-efficacy, while training effects can be expected to lead to differences on the 

approach to a hypermedia leaming environment, leaming achievement and improved self-

efficacy. 

Strategy Training Research 

The term "leaming strategies"" includes both cognitive strategies and 

metacognitive strategies. Leaming strategies are regarded as the most significant current 

contribution of cognitive psychology to instmctional design (West, Farmer, & Wolff. 

1991). Leaming strategy instmction is currently the focus of considerable interest among 

researchers and public school educators (Harris & Pressley, 1991; Pressley, et al., 1990). 

Weinstein and Mayer (1986) have developed a useful scheme for categorizing 

leaming strategies, however, they do not specify how and when the leaming strategies 

could be employed by students or instmctional designers. They identify eight categories 

of leaming strategies: (a) basic rehearsal strategies, (b) complex rehearsal strategies, (c) 

basic elaboration strategies, (d) complex elaboration strategies, (e) basic organizational 

strategies, (f) complex organizational strategies, (g) comprehension-monitoring strategies, 

and (h) effective and motivational strategies. Compared with work on leaming strategies 

by West et al. (1991), this framework is not very helpful to the developer of instmctional 

materials. West et al. (1991) presented four families of cognitive strategies derived from 

recent research: 

a. chunking (or organizing) strategies, 

b. spatial leaming strategies, 
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c. bridging strategies, and 

d. general purpose strategies. 

They focused on the practical uses of cognitive strategies for instmctional design. 

They include not only a designer's guide to the instructional uses of a particular strategy, 

but also new perspectives on design. However, they do not mention how to use leaming 

strategies in designing computer-assisted instmction (CAI). Park (1995) presented a 

comprehensive synthesis of research on leaming strategies, focusing on the practical use 

of these strategies in CAI design. Park identified 13 leaming strategies on which a 

substantial amount of research has been done. The 13 leaming strategies were adjunct 

questions, reflective questions, summarization, note taking, the key word method, the 

peg-word method, the method of loci, advanced organizers, underlining, concept maps, 

Veesiagrams, matrix frames, and signaling. It has been pointed out that computer-assisted 

instmctional packages, which include software and printed materials, are poorly 

designed. Cognitive psychological research indicates that it is very important to use these 

leaming strategies to help students acquire and organize to-be-leamed material 

meaningfully. There is a need for more research on how to use leaming strategies in CAI 

design. Furthermore, Park recommended that classroom teachers should leam about 

leaming strategies for effective teaching with CAI material. 

Strategy training research assumes that the more people know about strategies, the 

greater the probability they will use the appropriate strategies in the appropriate situations 

(Vemon & Marie, 1994). Brown (1978) recommends that more general metacognitive 

strategies should be taught. The literature on strategy training reviewed by Pressley. 
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Borkowski, and O'Sullivan (1984) defined several methods by which individuals may 

acquire metacognitive knowledge through strategy training. One of these strategies is the 

explicit provision of metacognitive strategies. This method assumes that metacognitive 

knowledge can be explicidy taught through providing information conceming the utility 

of a strategy, the importance of strategy, and information on how to revise the strategy to 

meet changing task demands. Leamers are most likely to use strategies spontaneously 

when they are given knowledge about what, how, when, where, and why certain 

strategies should be used (Brown, Campione, & Day, 1981). 

Furthermore, one longitudinal study of metacognition (Kurtz & Borkowski, 1987) 

indicated superior performance for children who have received both summarization and 

metacognitive training. Kurtz and Borkowski (1987) examined the relationships between 

metamemory and strategic behavior in impulsive and reflective children. Children in 

three experimental groups received prose summarization instmctions, summarization 

instmctions in conjunction with metacognitive training about the importance of a 

reflective approach to leaming, or no instmction. Other training studies have also shown 

that strategy acquisition and transfer are enhanced by increasing children's understanding 

of executive skills such as monitoring, strategy selection, and strategy modification 

(Kurtz & Borkowski, 1984; Lodico, Ghatala, Levin, Pressley, & Bell, 1983). Palincsar 

and Brown (1984) used a reciprocal teaching method which included metacognitive 

components to improve reading comprehension in poor readers. Another study (Paris & 

Jacobs, 1984) gave children 4 months of classroom instmction on how, when, and why to 
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use reading strategies. These instmctions increased children's reading awareness and their 

use of comprehension strategies such as reading, anticipating, and paraphrasing. 

The users' level of expertise in both context and content will have a large impact 

on how they use the system. Tombaugh et al. (1987) had users answer questions about 

texts that were displayed in several windows on a screen. Users who had been given just 

30 minutes of practice in manipulating the very simple window system performed much 

better even at the end of a 90 minute experiment than users who began the experiment as 

complete novices with regard to windows. Moreover, in a study of an on-line engineering 

manual, Joseph et al. (1989) found that users changed their relative frequency of use of 

the various access mechanisms as they became more experienced. Therefore, in this 

research , it is hypothesized that leamers treated with the use of training in the 

hypermedia leaming environment and no use of training in the hypermedia leaming 

environment will have different navigation pattems. 

In summary, the research described above and conducted by others (eg. Duell, 

1986; Lodico, Ghatala, Levin, Pressley, & Bell, 1983) has demonstrated the effectiveness 

of informed training, in which leamers are told when a strategy may be used, its 

application in a variety of situations, and its effectiveness for producing better leaming. 

However, Stemberg and Wagner (1982) pointed out one limitation of using strategy 

training. To be effective, strategies must be so well leamed that they do not interfere with 

actual leaming. 
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The Use of Training as Metacognitive Strategy Support in 
Nonlinear Leaming Environment (Metacognition and Leaming) 

Metacognition refers to deliberate conscious control of one's cognitive activity 

(Brown, 1980). As Flavell (1985) wrote, 

What is metacognition? It has usually been broadly and rather loosely defined 
as any knowledge or cognitive activity that takes as its object, or regulates, any 
aspect of any cognitive enterprise.... It is called metacognition because its core 
meaning is "cognition about cognition." Metacognitive skills are believed to 
play an important role in many types of cognitive activity, including oral 
communication of information, oral persuasion, oral comprehension, reading 
comprehension, writing, language acquisition, perception, attention, memory, 
problem solving, social cognition, and various forms of self-instmction and self-
control, (p. 1014) 

Metacognition includes knowledge and monitoring activities designed to ensure 

that tasks are completed successfully. One"s metacognitive awareness is influenced by 

task, strategy, and leamer variables. Given that, metacognitive activities improve 

achievement but students may not automatically use them. Even though many students 

are capable of using metacognitive strategies, they may not be aware of which aid 

leaming and retrieval from long term memory (LTM) and they may not employ those that 

are helpful (Flavell, 1985). Educators have suggested that leamers benefit from explicit 

instruction on metacognitive activities. Schunk (1991, p. 186) described that although the 

what component of leaming is important, so are the when, where, and why of strategy 

use. Teaching the former without the latter will only confuse students and could prove 

demoralizing. Students who know what to do but not when, where, or why to do it might 

hold a low sense of self-efficacy for performing well in school. Collectively, 

metacognitive activhies reflect the systematic application of declarative, procedural, and 
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conditional knowledge to tasks. Therefore, the use of training (explicit and elaborated 

instmction on when and why to use specific strategy) in the new hypermedia leaming 

environment is necessary for leaming activity, especially for novice leamers. Moreover, 

the proposed research hypothesizes that the use of training in instmction will help 

leamers choose more meaningful paths to navigate the lesson, and enhance the leamer" s 

self-efficacy regarding the hypermedia leaming environment. 

During the past 15 years, considerable research has been reported on different 

aspects of metacognition. While some aspects are mixed , evidence on others is 

compelling (see, for example, the review by Gamer & Alexander, 1989). Research on 

several components of metacognition has provided concrete evidence suggesting that 

metacognitive skills are essential in leaming. Managing cognitive processes involves the 

constant selection of leaming strategies. In assisting the leamer with the process of 

strategy-selection, it is imperative for the program to communicate operations and 

recommend methods. Answering the question "How do I use this program to leam 

something?" is especially imperative for novice users. Several researchers suggest that 

lack of metacognitive knowledge and skills of the users may hinder their leaming in 

situations of increased leamer control (Balajthy, 1990; Park, 1992; Williams, 1993). In 

general, unaided leamer control of substantive aspects of lessons has generally proven 

ineffective (Steinberg, 1977), while control of mediating activities (e.g., specifying 

difficulty of examples, help options, glossaries) has generally yielded inconsistent effects 

(see, for example, Merrill, Schneider, & Fletcher, 1980, vs. Fischer, Blackwell, Garcia, & 

Greene, 1975). Some have attributed success in leamer control to availability of the 
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needed supporting knowledge on which to base an informed control decision (Gay, 1987; 

Hannafin, 1984). Recent interest, however, has focused on advisement strategies, which 

typically focus on leamer-specific advice regarding features such as recommended 

sequence, the number of suggested examples, and the amount of practice (Hannafin & 

Colamaio, 1987; Tennyson, 1984). Osman and Hannafin (1992) focused on person 

variables as well as task and strategy variables. Although knowledge of both "what'" and 

"how" are necessary, they are not sufficient conditions for effective comprehension 

monitoring. A number of individual factors influence the likelihood of metacognitive 

strategy use, including perceived self-efficacy, self-confidence, and locus of leaming 

contribution. Individuals lacking key "person traits" fail to invoke available strategies 

even when comprehension failures are detected. Initially, individuals must become 

personally convinced of the value of methods before they will utilize them effectively. 

Ultimately, self-sufficiency depends on the individual's inclination to invoke strategies 

independently and in the absence of extemal cues (Osman & Hannafin, 1992). 

In this research, therefore, it was hypothesized that the effect of metacognitive 

strategy training would be different for reflectives and impulsives in terms of leamers' 

navigation pattems, leaming achievement and self-efficacy in a hypermedia leaming 

environment. 

The Influence of Graphical Browsers 

Park (1991) considers a browser to be a important functional feature of 

hypermedia. He suggests that before or during the use of a hypermedia system, the user 
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needs to overview the basic stmcture of the system and the possible sequential 

connections among the important information units in different nodes. A browser 

representing the relational connections among the nodes in a graphical map provides 

visual guidance for the user to overview the system structure and to determine the 

sequential order for calling out content in the nodes. It is recognized that a graphical 

representation of the most recent pathways chosen through a database can help orient the 

user much in the same way that a map helps guide our direction outside of the computer. 

These maps should be readily accessible and not so finely detailed that they act to 

exacerbate the disorientation of the user. By providing these navigational aids, the user is 

kept from getting lost (Ayersman, 1993). Maps can be of particular importance, since 

getting lost in a large information network is a potential problem (Conklin, 1987). This 

intervention is designed to provide leamer training in the use of a map. It is hypothesized 

that the map will be an effective method of browsing. Research suggests that maps let 

users find where they are, and allow provisions to jump to other information of interest 

from the map (Jones, Farquhar, & Surry, 1994). 

In summary, because of the limited number of studies conducted on the 

interaction of leamer traits with aspects of the hypermedia environment, almost no 

research on interaction between leamer cognitive style such as reflection/impulsivity with 

aspects of hypermedia leaming environment has been conducted. Moreover, if leamers 

are capable of effectively controlling and regulating their own leaming processes, they 

should not be confused by the flexibility of a wide array of choices of the hypermedia 

environment. Therefore, there is a need to identify the implications of the research in 
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metacognitive areas for the leaming problems defined in a hypermedia environment and 

suggest directions for future research that merge metacognition into the design and 

development of hypermedia-based instmction (Lin, 1994). Lin (1994) suggests some 

future research questions, for example, will metacognitive training improve content 

specific and far transfer of leaming? Will such training improve leamers' motivation and 

self-confidence in leaming and interacting with hypermedia systems? In this research, the 

effect of the use of metacognitive training in a hypermedia leaming environment on 

achievement in leaming, self-efficacy in a hypermedia across leamer cognitive style with 

reflection/impulsiveness was specifically examined. 
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CHAPTER III. 

METHODOLOGY 

Research Design 

The Purpose of the Study 

In this study, effects of the variables of cognitive tempo and training, as well as 

the interaction between the two variables on navigation pattems, leaming achievement, 

and self-efficacy in a hypermedia leaming environment were investigated. 

Independent Variables and Dependent Variables 

Two independent variables were utilized in this study. The first independent 

variable was subjects' cognitive tempo which had two values (reflective vs. impulsive). 

The second independent variable was the treatment of training, which was defined by 

training group and no training group. 

Three dependent variables in the study were navigation pattems (measured by 

number of visits to resource nodes, total time spent at resource nodes, and nonlinearit\ of 

navigation sequence), leaming achievement, and self-efficacy in a hypermedia 

environment. 
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The Diagram of the Design 

This experimental study involved a 2 x 2 factorial design: two levels of cognitive 

tempo (reflection vs. impulsivity) with two levels of treatment (training vs. no training) in 

a hypermedia instmction. The design of study can be presented in Figure 1: 

Reflection Impulsivity 

Training 

No Training 

Figure 1. A 2 by 2 research design. 

The four conditions constituted by the 2 independent variables, were reflective-

training condition (RT), reflective-no training condition (RNT), impulsive-training 

condition (IT), and impulsive-no training condition (INT). 

Population and Sample 

Subjects were college students enrolled in summer courses at Texas Tech 

University. Most were recmited from a Computer Literacy course in the College of 

Education. The introductory computer course introduced the use of computers as 

productivity tools, societal and ethical implications of computers, and applications of 

computers and related technology in society. Course content has been organized into 10 

modules~9 hands-on computer application modules and an optional video module. There 

was no final examination in this course. This course was taught through a special 

instmctional system that requires to students understand how the system works. No 

mandatory computer lab periods have been scheduled for the students to do their 
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computer work; however the instmctional system specifies a minimum pace of 

completion through stated deadline dates for the modules in the course. As soon as they 

master a module, they may proceed to the next one; therefore, the students may work 

through the modules faster than the minimum pace of completion specified. Students 

gained the skills and knowledge through the readings and hands-on experiences with the 

computer. 

In this study, most participants received extra credit for the course they were 

taking. Most of the students in this course were novices or had little experience with 

hypermedia leaming environments. 

The total enrollment of the computer literacy course in the College of Education 

was approximately 100. About 90 volunteers from this course were recmited to 

participate in the study. An additional 33 volunteers from other summer courses at Texas 

Tech University were recmited to participate in the study to assure an adequate sample 

size for statistical analysis. Most of these students received extra credit for the course 

they were taking. 

Treatment 

Settings and Equipment 

The study took place at the Educational Computing Center in the College of 

Education. Both an IBM compatible lab (Pentium 586) and a Macintosh lab (Macintosh 

LC II) at the Educational Computing Center were available for this research project. A 
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hypermedia-based instmctional software package was designed and developed by the 

researcher, and was used for this study. 

Hypermedia-based Instmction 

A hypermedia-based instmctional lesson was used in this study. The lesson 

presented students with basic concepts of Hypertext Markup Language (HTML) and how 

to create a web page for the World Wide Web (WWW). The major topics covered in this 

lesson included the basic markup tags, such as titles, headings, paragraphs; additional 

markup tags, such as lists, addresses; character formatting, such as physical versus logical 

tags, images, sounds, and animation. The main content of the lesson was borrowed from 

The NCSA (The National Center for Supercomputing Applications) Beginner's Guide to 

HTML. The guide was used by many to start to understand the hypertext markup 

language (HTML) used on the World Wide Web. It is an introduction and does not 

pretend to offer instmctions on every aspect of HTML. 

The length of the lesson was approximately one hour. This hypermedia-based 

lesson was nonlinear, which allowed students to approach the lesson content in a different 

sequence. In addition to the basic content presented in the lesson, there was 

supplementary information available to help students understand the concept they were 

leaming from a different perspective. This supplementary information was referred to as 

resource nodes or information units, and included a set of examples, glossary. Frequently 

Asked Questions (FAQs, questions about WWW basics, intemet concepts, HTML), help. 
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troubleshooting, map, and so on. These resources could be accessed any time and in any 

order. 

The stmcture of the lesson was illustrated in a map. The content of the map can be 

seen in Appendix F. The lesson began with a Title screen, followed by an Objective 

screen. Then the program introduction screens were presented. The introduction screens 

led students to the Main Menu screen, presented in Figure 2. On the Main Menu screen, a 

list of topics was presented, which allowed leamers to choose the topic. On each topic 

screen, the leamers had the option of clicking a specific topic button, navigation buttons, 

or resource buttons to locate information. The topic button took leamers to one of 

subtopic screens, which contained the main content of the lesson. The navigation buttons 

took leamers to the previous or next screen. The resource button took leamers to one of 

the resource screens, which were Examples, Help, References, Glossary, FAQs, 

Troubleshooting, or Map screen. The resource screens provided supplementary 

information with examples, demonstrations, basic HTML tags organized in tables, a list 

of HTML terms, frequently asked question about the intemet, WWW, and HTML, 

common problems with solutions, and content map with path history. The resources in 

the lesson were designed to enhance leaming in multiple channels. Leamers vary in 

leaming styles. Multiple presentation formats provide a better chance to accommodate 

leamers' diverse leaming styles (Moore, Myers, & Burton, in press). Multiple 

presentation formats are more adaptive and effective than the single presentation fomiat. 

Between the Main Menu screen and the End screen, leamers could view the main 

subject content, and various supplement materials (resource screens). The subject content 
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Main Menu 
This is a primer for producing documents in HTML^ the markup 
language used by the world wide web» The topics will be covered in 
the lesson: 

Click on one of the topics above to >iew 
inCormatioaoa that subjects 

Figure 2. Example of Main-menu page. 
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was organized in a hierarchical stmcture. Leamers could go back and forth in the same 

topic, by clicking Prev and Next button.. The leamers also could go back to Menu or 

submenu to choose a different topic by clicking Up button. There was an achievement 

test at the end of the lesson. The leamers had an opportunity to complete a practice test 

before they took the achievement test. The Practice Test helped leamers to diagnose the 

degree of their mastery of the lesson content. The achievement test included a "test 

instmction" screen and test questions. The test consisted of 10 items of multiple choice 

questions. Leamers could go to next question by clicking the Next button. When finished, 

leamers could see the results by clicking the "Score" button. 

The instmctional software also contained the manipulation of the independent 

variable of training. Two versions, one with training and one without training, were 

developed for the purpose. The differences between the two versions were the availability 

of training used in teaching how to use the resource nodes. In the following section, the 

manipulation of the variable of training used in the study is described. 

Treatment 1: Training group. For the treatment 1 group, which served as an 

experimental group, prior to teaching the HTML concepts, the hypermedia-based lesson 

began with training. The training had an elaborated introduction, such as tactical advice 

and procedural advice (the detailed explanation of resource screens, e.g. when to use or 

access and how to use). Schwier & Misanchuk (1993) said that we should not assume that 

leamers already know how to use even these features, so instmctions on their use should 

be given at the very beginning of the sequence. Educators have suggested that leamers 

benefit from explicit instruction on metacognitive activities (Schunk, 1991). In this study, 

50 



training in the lesson served as a metacognitive strategy that supported using a 

hypermedia leaming program. The training helped students to understand when and why 

to use a specific resource node or navigation buttons in a hypermedia leaming 

environment. The leamers were able to refer to these hypermedia leaming strategies any 

time by clicking the "help" button during the lesson. The introduction text for the training 

was presented as follows: 

Help Instmction 
In the following pages, you will be introduced some hypermedia processing 
strategies in order to effectively use hypermedia. First you will be introduced to 
what the buttons mean. Secondly, you wdll be introduced to some skills in 
navigation and integration information in a nonlinear environment. 

The rest of training content can be seen in Appendix D. This version included 65 

screens. Sample screens from the lesson are presented in Appendix G. 

Treatment 2: No training group. For treatment 2, which served as a control group, 

no training was presented. This lesson began with a simple introduction. The content of 

the introduction included the meaning of the navigation buttons and the meaning of the 

resource nodes. No detailed explanation of resource screens (e.g. when to use or access 

and how) was included. The following is the example used in the introduction screen: 

Help Introduction 
Next button: This button takes you to the next screen; 
Prev button: This button takes you to the previous screen, in a series of related 
screens; 
Retum button: This button takes you back where you were. 

Except for no training presented in this lesson, the rest of the lesson content was 

the same as the lesson for the experimental group. This version included 64 screens. The 

entire instmctional content of the lesson for the control group is presented in Appendix D. 
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Navigation Pattems 

The three dependent variables of number of resource nodes or information units 

visited, time spent at resource nodes, and nonlinearity of navigation sequence, were 

measured from subjects' interaction with the instmctional program. The specific 

measurement of each variable is as follows: 

First, number of visits to each resource node was recorded automatically into a 

data file for each subject. In this study, resource nodes include Glossary, Examples, Help, 

References, FAQs, Troubleshooting, and Map. 

Secondly, the time spent at each node was recorded into a data file. The total time 

spent during visits to the resource nodes was computed for each subject. 

Third, the navigation sequence taken by each subject was recorded into a data file. 

The number of common subsequences was used to evaluate the similarity between 

navigation sequence. The comparison of the linear sequence (defined by the path 

suggested by the Next, and Continue button) and navigation sequence taken by each 

subject was performed. The navigation subsequence same as the linear sequence was 

considered as a linear navigation. The nonlinearity of navigation sequence was 

determined by the total number of subsequences different from the linear sequence. For 

example, there was a navigation sequence (denoted as A) taken by a subject. Comparing 

navigation sequence A and the linear sequence (denoted as B), the total number of 

subsequences of navigation sequence A different from the linear sequence B would be 

defined as the nonlinearity of navigation sequence. In Figure 3, the linear and nonlinear 

subsequence were illustrated. A higher score indicates a higher degree of nonlinearity of 
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navigation sequence taken by the subject, and lower linearity of navigation sequence 

taken by the subject. Overall, the typical navigation pattems of certain leamers were 

identified and analyzed, based on the three variables. 

Suppose vl, v2, v3, v4, v5, v6, v7, and v8 were nodes, 

The predefined sequence is: 

vl->v2~> v3-> v4~> v5~> v6~> v7~> v8; 

A navigation sequence taken by a subject is: 

vl~> v3~> v2-> v3-> v4~> v6~> v8-> v7~> v8; 

in navigation sequence A: vl~> v3, v3—>v2, v4~>v6, 

v6—>v8, v8~> v7 were called nonlinear subsequences. 

The nonlinearity was 5. 

v2~> v3, v3~>v4, v7~>v8 were called linear subsequences. 

Figure 3. Illustration of linear and nonlinear subsequence. 
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Instmments 

The instruments used in the study included (a) Matching Familiar Figure Test 

(MFFT), (b) achievement test, (c) self-efficacy scale, and (d) demographic information 

sheet. 

Matching Familiar Figure Test (MFFT) 

The purpose of the MFFT was to assess subjects' cognitive tempo of reflection-

impulsivity. The original adolescent/adult version of the Matching Familiar Figure Test, 

first, used by Kagan (1964), was chosen as the measure of cognitive tempo (R/I). The test 

was composed of 12 items, and each item was designed so that the subject saw two pages 

simultaneously. On one page was a standard figure of a familiar object such as a 

telephone or ship; on the other page were eight variants, only one among them was 

identical to the standard. A student's task was to identify the variate that was identical to 

the standard one. Immediate feedback was provided until the subject found the correct 

one. A researcher recorded the time it took for the student to make his/her first response 

(latency) and the total number of tries before the correct one (error). Two variables were 

measured from each item, a latency score (time between the presentation of an item and 

the first selection) and an error score (a number of errors made in each item). The 

classification of reflectivity and impulsivity was based on the mean latency score and 

mean error score across the 12 items in the test. Kagan's original scoring procedure 

divided latencies and errors at their respective medians. Those students who made few er 

errors than the sample median and had longer latencies than the median (slow-accurate) 
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were identified as reflective, while those students whose error scores fell above the 

sample median and whose latencies were below the median (fast-inaccurate) were called 

impulsive. However, half of the subjects were excluded from the sample because they 

were either fast-accurate or slow-inaccurate. 

To overcome the problem of Kagan's scoring system, Salkind and Wright (1977) 

reconceptualized the MFF Test. By rotating the two orthogonal dimensions of latency and 

error, the test produced two new scores of efficiency and impulsivity. Using this 

technique, two scores were generated for each subject. An "I-score" (Impulsivity score) 

represented a subject's tendency toward an impulsive or reflective style along a 

continuum from fast-inaccurate (impulsive) to slow-accurate (reflective). The second 

score, an "E-score" (Efficiency score) represented the subject's cognitive efficiency along 

a continuum from fast-accurate to slow-inaccurate. Only the I-score was used to measure 

subjects' cognitive tempo. Although this system of analyzing the test's data was still 

sample-specific, it was proposed as an improvement over the original double-median split 

method. Positive I scores were indicative of impulsivity, and negative I scores indicated 

reflectivity. The use of I scores can avoid the loss of information inherent in the quadrant 

split method usually employed (Salkind & Wright, 1977). The researcher had no interest 

in the efficiency score. 

In this study, students' cognitive styles were measured by a fully computerized 

version of the standard Matching Familiar Figure Test. The students were tested 

individually on the standard 12 items form of the MFFT on the computer, using two 

practice items. Each test item had one standard and eight altematives, and the subjects 
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were allowed a maximum of seven errors per item. Latency to first response and number 

of errors were recorded. The categorical score of impulsivity/reflectivity yielded by the 

instmment MFFT was the I score. After obtaining students' MFFT scores, using sample 

means and SDs of errors and latency, I scores were calculated for each subject. Those 

students with positive scores were identified as impulsive, while those students with 

negative scores were called reflective. Within each category, students were then randomly 

assigned to either the experimental group or the control group. 

The usefulness of the Matching Familiar Figures Test as a diagnostic or screening 

instmment has been supported by Arizmendi, Paulsen, and Domino(1981) based on its 

ease of administration, low cost, reliability, objectivity, and predictive validity. Messer 

(1976) reports typical intemal consistency reliability for MFFT response time at .89 and 

typical intemal consistency reliability for MFFT errors in the .50s. Messer (1976) also 

reports MFFT validity. Messer states that the reflection-impulsivity constmct remains 

moderately robust over changes in the MFFT; it also extends to tests containing different 

requirements and content. 

Achievement Test 

The purpose of the test was to measure students' leaming from the instmctional 

software. The mastery of basic terms and procedures for HTML programming were 

covered by the test. The achievement test contained 10-items which covered terms and 

procedures of HTML as presented in the instmction (see Appendix A). The test has been 

computerized as a part of the instmctional software, and was in multiple choice format. 
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The test was presented following the instmction. It generated a subject's achievement 

score in leaming, which was one of the dependent variables in the study. A high score 

indicated a high degree of achievement in leaming basic terms and procedures of HTML. 

The content validity was assured by consulting with experts in the field at Texas Tech 

University. 

A modified Kuder-Richardson Formula 20 Reliability Coefficient (KR-20) was 

used to measure the inter-item consistency. The KR-20 formula were used because items 

were scored dichotomously as either correct or incorrect (Borg & Gall, 1989). The 

reliability coefficient Alpha for the achievement test score was .30. This low reliability of 

achievement score will lead one to question an individual's consistency in responding 

from item to item. It is also possible that the leamers didn't expend much effort on either 

the leaming process or the test taking process, also leading to low reliability. 

Self-efficacy Scale 

The purpose of the self-efficacy scale was to measure the subject's confidence of 

leaming in a hypermedia environment. Self-efficacy scale in a hypermedia environment 

contained 10 statements developed by the researcher (see Appendix B). It was 

administered before and after instmction to generate pre-test and post-test scores. All 

items were phrased positively to reflect a variety of hypermedia related self-efficacy 

ratings on skills and knowledge. A 5-point Likert-type response format was employed 

and respondents were asked to indicate the degree to which they feel very little 

confidence (1) to completely confident (5). The score calculated from the self-efficacy 
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scale was another dependent variable in the study. A high score indicated a high degree of 

confidence in one's ability to use hypermedia instmction (studying or working in a 

hypermedia leaming environment). 

Face validity was judged by experts in the areas of instmctional technology field 

and educational psychology. Intemal reliability was checked using Cronbach"s coefficient 

alpha. A Cronbach's reliability coefficient for the self-efficacy scale was .95 for both pre

test and post-test. 

Demographic Information Sheet 

Demographic information was collected on age, gender, years in educational 

program, intemet experience, and hypermedia leaming experience (see Appendix C). It 

was administered prior to the instmction. 

Procedures 

Most of the subjects enrolled in this study were volunteer students in the computer 

literacy course. In both the syllabus and class orientation session, the students were 

notified that the research could be completed to obtain extra credit during the semester. 

The schedule was announced one week before the research was conducted. 

First, 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 

study were given credit for any module without taking a regular test over that module and 

without doing assignments for that module. The study was composed of two phases. 
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In the first phase, subjects were asked to complete the demographic information 

background sheet (see Appendix C). After they completed the demographic sheet, the 

subjects filled out the self-efficacy scale sheet. Then, subjects were asked to complete a 

computerized version of the Matching Familiar Figures Test (MFFT). 

In the second phase of the study, subjects were randomly assigned into four 

groups according to their scores in the MFFT. Then the subjects were asked to complete 

their respective hypermedia-based instmction lesson at their own pace in the computer 

lab. The subjects were allowed as long as they wished to complete the lesson. At the same 

time, the navigation path (or sequence) taken by student, number of visits to each node, 

time spent at each node, the time spent on the program were recorded. An assistant in the 

Computer Lab was available to help with technical problems. 

At the end of the lesson, subjects completed the achievement test on the computer, 

in order to generate their achievement scores in leaming. The scores were recorded for 

each subject. After the completion of the test, subjects were asked to fill out the post-test 

of self-efficacy scale sheet. 
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CHAPTER IV 

RESULTS 

The purpose of this study was to determine the effects of cognitive style 

preferences on navigation pattems, leaming achievement, and self-efficacy in a 

hypermedia leaming environment. This study also investigated the effects of two 

different hypermedia-based leaming environments (training, no training) on 

programming concept leaming, as well as the interaction effect between the cognitive 

tempo and training. 

Analyses were conducted in order to investigate the effects of the treatment of 

using training strategies across student cognitive tempo in a hypermedia environment. 

Two levels of treatment (with training and without training in a hypermedia leaming 

environment) and two levels of student cognitive tempo (relatively reflective and 

relatively impulsive) were independent variables used for statistical analyses. Three 

dependent variables (navigation pattems, leaming achievement, and student self-efficacy) 

were used to measure the effects of treatment. 

In the following sections, the descriptive statistics for the sample are presented 

first, and then the hypothesis testing for each of the research hypotheses is discussed. 

SPSS system (SPSS Inc., 1990) software was used to analyze the data. 
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Statistics 

Demographic information 

One hundred and twenty three undergraduate and graduate students from Texas 

Tech University voluntarily participated in this experiment. Table 1 summarizes 

demographic information for these subjects in detail. The twelve students who identified 

themselves as experienced were excluded from data analysis. The remaining sample 

consisted of 60 males (54.1 percent) and 51 females (45.9 percent). Age distribution of 

these subjects ranged from 15 years old to over 31 years old. Of the 111 subjects, 22 were 

freshman (19.8 percent), 12 were sophomores (10.8 percent), 16 were juniors (14.4 

percent), 22 were seniors (19.8 percent), 37 graduate students (33.3 percent), and 2 were 

others (1.8 percent). Of the 111 subjects, 31 had computer experience on IBM (27.9 

percent), 21 had computer experience with Mac (18.9 percent), 50 had computer 

experience on both IBM and Mac (45.0 percent), and 9 had no computer experience (8.1 

percent). The MFFT was used to assess subjects' reflection-impulsivity. Subjects with 

positive I-scores (impulsivity score) were assigned to the relatively impulsive group. 

Subjects with negative I-scores (impulsivity score) were assigned to the relatively 

reflective group. Subjects in each cognitive style (reflectivity, impulsivity) were 

randomly assigned to 2 treatment groups. Of the relatively reflective group, the cell sizes 

were: treatment with training (33), treatment with no training (31). Of the relatively 

impulsive group, the cell sizes were: treatment with training (21), treatment with no 

training (26). 
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Table 1 

Demographic information by treatment group 

Relatively Reflective 

Training 
( 

Gender 
Male 
Female 
Age 
15-20 
21-25 
26-30 
31 above 
Classification 
Freshman 
Sophomore 
Junior 
Senior 
Graduate 
Others 
Computer Experience 
IBM 
Mac 
IBM / Mac 
None 
Intemet Experience 
Very Experienced 
Experienced 
A Little Experienced 
Non-Experienced 
HTML or Creating a 
Very Experienced 
Experienced 
A Littie Experienced 
Non-Experienced 

RT) 

20 
13 

14 
9 
4 
6 

9 
3 
6 
5 

10 
0 

% 

11 
7 

12 
3 

0 
5 

16 
12 

1 No training 
(RNT) 

18 
13 

8 
14 
3 
6 

7 
4 
5 
6 
8 
1 

8 
4 

15 
4 

1 
4 

13 
13 

Home Page Experience 
1 
0 
4 

28 
Hypermedia Leaming Enviro 
* Experienced 
Novice 

5 
33 

0 

0 
2 

29 
nment 

2 
31 

Relatively Impulsive 

Training 
(IT) 

9 
12 

2 
6 
7 
6 

0 
2 
3 
3 

13 
0 

8 
5 
7 
1 

1 
3 

10 
7 

1 

1 
4 

1 
18 

3 

21 

No training 
(INT) 

13 
13 

10 
9 
3 
4 

6 
3 
2 
8 
6 
1 

4 
5 

16 
1 

4 

1 
2 

• 1 ' ^ 

12 
1 t 
11 

0 
0 
2 

O A 

24 

2 
26 

Note: Experienced students were excluded from data analysis. 
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For the main effect of treatment, the group size without considering the cognitive tempo 

was with training (54), with no training (57). The total sample size for the treatment 

effects was 111. For the main effect of the cognitive tempo, the group size for the 

relatively reflective group was 64 and 47 for the relatively impulsive group. The total 

sample size for the treatment effects was also 111. Table 1 presents the demographic 

information for each experimental group in detail. 

Correlations for Navigation Pattems 

Three correlation tests were conducted to identify the relationship among three 

navigation pattem variables, number of visits to resource nodes, total time spent at 

resource nodes, and nonlinearity of navigation sequence. The number of visits to resource 

nodes was calculated by adding each visit to a resource node during navigation through 

the whole lesson. Total time spent at resource nodes was calculated by adding the time 

spent on each visit to the resource nodes. The nonlinearity of navigation sequence was 

calculated by adding each visit of a different sequence from the predetermined sequence. 

The strength of the relationship between dependent measures of navigation pattems was 

obtained as follows. 

1. Statistically significant, positive correlations existed between number of visits 

to resource nodes and total time spent at resource nodes (r = .57, p < .01). 

2. Statistically significant, positive correlations existed between number of visits 

to resource nodes and nonlinearity of navigation sequence (r = .56, p < .01). 
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3. Statistically significant, positive correlations existed between total time spent at 

resource nodes and nonlinearity of navigation sequence (r = .31, p < .01). 

MANOVA for navigation pattem was performed because the three variables 

(numbers of visits to resource nodes, time spent at resource nodes, and nonlinearity of 

navigation sequence) were correlated. 

Testing of Assumptions 

The multivariate analysis for the variables (number of visits to resource nodes, 

time spent at resource nodes, and nonlinearity of navigation sequence) was conducted 

only after several preliminary analyses were performed to examine the assumptions of 

multivariate analysis to ensure the appropriateness of this procedure. First, correlation 

among the three variables was examined. A rejection of the null hypothesis in the test (p 

< .01) indicates that the three dependent variables were correlated. Therefore, 

multivariate analysis was an appropriate procedure. Secondly, a normal probability plot 

was used to assess normality of the distribution of three navigation pattem variables. A 

normal distribution was observed for each of the navigation pattem variables, thus the 

assumption of normality was met. Third, the assumption of homogeneity of the variance 

was assessed by univariate methods of Cochrans-C test and Bartlett-Box F test. 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 -

covariance matrix were retained. 
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Hypothesis Testing 

The main training effect (training vs. no training) and cognitive tempo effect 

(impulsivity vs. reflection), as well as the interaction effect between the training and 

cognitive tempo on navigation pattems was investigated by a two-way MANOVA, since 

the three three variables (number of visits to resource nodes, total time spent at resource 

nodes of visit, and nonlinearity of navigation sequence) were correlated. The main 

training effect (training vs. no training) and cognitive tempo effect (impulsivity vs. 

reflection), as well as the interaction effect between training and cognitive tempo on 

students' leaming achievement was investigated by a two-way ANOVA. The main 

training effect and cognitive tempo effect, as well as the interaction effect between 

training (training vs. no training) and cognitive tempo (impulsivity vs. reflection) on self-

efficacy was investigated by a two-way ANCOVA, using the pre-test self-efficacy as an 

CO variate. 

Hypothesis 1 

The first hypothesis stated that there is no significant main training effect (training 

vs. no training) or cognitive tempo effect (impulsivity vs. reflectivity), nor interaction 

between the two variables on students' navigation pattems in a hypermedia leaming 

environment, measured by number of visits to resource nodes or information units, time 

spent at resource nodes, and nonlinearity of navigation sequence. 
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Subhypothesis 1.1 

Analysis: This subhypothesis stated that there is no significant main training 

effect (training vs. no training) on the approach to a hypermedia instmction measured by 

number of visits to resource nodes, time spent at resource nodes, and nonlinearity of 

navigation sequence. A two-way multivariate analysis of variance (MANOVA) was 

performed on the three variables (number of visits to resource nodes, time spent at 

resource nodes, and nonlinearity of navigation sequence) to investigate the main training 

effect on variable navigation pattem. 

Results: The results of the MANOVA (see Table 2) found no significant 

difference for the multivariate dependent variables of number of visits to resource nodes 

(F(l, 107) = .06, p < .81), and time spent at resource nodes (F (1, 107) = 062, p < .43), or 

nonlinearity of navigation sequence (F (1, 107) = 1.07, p < .30). The treatment group with 

training (number of visits: M = 16.20, SD = 13.47; time spent: M = 527.98, SD = 428.55; 

nonlinearity: M = 14.83, SD = 12.55) was compared with the group of treatment without 

training(number of visits: M = 15.18, SD = 14.03; time spent: M = 468.58, SD = 388.13; 

nonlinearity: M = 22.09, SD = 23.34) (Wilks' Criterion, F(3,105) = .63, p < .56). Table 3 

presents the detailed mean score comparison between the two treatment groups. 

Subhypothesis 1.2 

Analysis: This subhypothesis stated that there is no significant main cognitive 

tempo (impulsivity vs. reflection) effect on the approach to hypermedia instruction 

measured by number of visits to resource nodes, total time spent at resource nodes, and 
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Table 2 

Two-way MANOVA for the effects on navigation pattems 

Source 

Training 
(T) 

Cognitive 
Tempo 
(C) 

T x C 

Error 

Total 

Dependent 
Variable 

N visit 
Time Spent 
Nonlinearity 
Wilks' Lambda 
N visit 
Time Spent 
Nonlinearity 
Wilks' Lambda 
N visit 
Time Spent 
Nonlinearity 
Wilks' Lambda 
N visit 
Time Spent 
Nonlinearity 
N visit 
Time Spent 
Nonlinearity 

DF 

3 

3 
107 
107 
107 
111 
111 
111 

MS 
1091 

102882 
533.94 

60.05 
362205 
1134.98 

94.96 
117293 

304.32 

191.56 
165234 

500.00 

F 
.06 
.62 

1.07 
.63 
.31 

2.19 
2.27 
1.47 
.50 
.71 
.61 
.99 

P 
.81 
.42 
.30 
.60 
.58 
.14 
.14 
.23 
.48 
.40 
.44 
.40 
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nonlinearity of navigation sequence. A two-way multivariate analysis of variance 

(MANOVA) was performed on the three variables (number of visits to resource nodes, 

total time spent at resource nodes, and nonlinearity of navigation sequence) to investigate 

the main cognitive tempo effect on variable navigation pattem. 

Results: The results of the MANOVA (see Table 2) found no significant 

difference for the multivariate dependent variables of number of visits to resource nodes 

(F(l, 107) = .31, p < .58), total time spent at resource nodes (F (1, 107) = 2.19, p < .14). 

or nonlinearity of navigation sequence (F (1, 107) = 2.27, p < .14) (Wilks" Criterion, 

F(3,105) = 1.47, p < .23). Table 3 presents the detailed mean score comparison between 

these two types of cognitive style. 

Subhypothesis 1.3 

Analysis: This subhypothesis stated there are no significant interaction effects 

between training (training vs. no training) and cognitive tempo (impulsivity vs. 

reflectivity) on the approach to hypermedia instmction as measured by number of visits 

to resource nodes, total time spent at resource nodes, and nonlinearity of navigation 

sequence. A two-way multivariate analysis of variance (MANOVA) was performed on 

the three variables (number of visits to resource nodes, total time spent at resource nodes, 

and nonlinearity of navigation sequence) to investigate the interaction effects of cogniti\e 

tempo and training on the variable of navigation pattem. 

Results: The resuUs of the MANOVA (see Table 2) found no significant 

difference for the multivariate dependent variables of number of visits to resource nodes 
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(F(l, 107) = .50, p < .48), total time spent at resource nodes (F (1. 107) = .71, p < .40), or 

nonlinearity of navigation sequence (F (1, 107) = .61, p < .44) (Wilks" Criterion, F(3.105) 

= .99, p < .34). Table 3 presents the detailed mean score comparison. 

Hypothesis 2 

The second hypothesis stated that there is no significant main training effect 

(training vs. no training) or cognitive tempo effect (impulsivity vs. reflectivity), nor 

interaction between the two variables on students' leaming achievement in a hypermedia 

leaming environment. 

Subhypothesis 2.1 

Analysis: This subhypothesis stated that there is no significant main training 

effect (training vs. no training) on student leaming achievement. The subhypothesis was 

tested by a two-way univariate analysis of variance (ANOVA). 

Results: The resufts of the ANOVA (see Table 4) found no significant difference 

for the dependent variable of student leaming achievement (F(l, 107) = .07, p < .79). The 

treatment group with training (M = 5.11, SD = 1.85) was compared with the treatment 

group without training (M = 5.04, SD = 1.35). Table 5 presents the detailed mean score 

comparison between the two treatment groups. 
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Table 4 

Two-way ANOVA for the effects of training and cognitive tempo 
on leaming achievement 

Source 

Model 

Training 

Cognitive Tempo 

T x C 

Error 

DF 

3 

1 

1 

1 

107 

MS 

.42 

.19 

.28 

.83 

2.64 

F 

.16 

.07 

.11 

.31 

P 

.92 

.79 

.75 

.58 

Total 110 2.58 
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Table 5 

Leaming achievement niean score and standard deviation 

Training 

No Training 

Total 

Mean 
Stad. Deviation 

N 
Mean 

Stad. Deviation 
N 

Mean 
Stad. Deviation 

N 

Reflective 

5.00 
1.87 

33 
5.06 
1.24 

31 
5.03 
1.58 

64 

Impulsive 

5.29 
1.85 

21 
5.00 
1.50 

26 
5.13 
1.65 

47 

Total 

5.11 
1.85 

54 
5.03 
1.95 

57 
5.07 
1.61 

111 
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Subhypothesis 2.2 

Analysis: The subhypothesis 2.2 stated there is no significant main cogniti\ e 

tempo effect (impulsivity vs. reflectivity) on student leaming achievement. The 

hypothesis was tested by a two-way univariate analysis of variance (ANOVA). 

Results: The results of the ANOVA (see Table 4) found no significant difference 

for the dependent variable of student leaming achievement (F(l, 107) = .11, p < .75). 

Table 5 presents the detailed mean score comparison between the two types of cognitive 

style. The low reliability of the achievement test could be one of the reasons leading to a 

nonsignificant difference. 

Hypothesis 2.3 

Analysis: This subhypothesis stated there are no significant interaction effects 

between training (training vs. no training) and cognitive tempo (impulsivity vs. 

reflectivity) on student leaming achievement. The hypothesis was tested by two-way 

univariate analysis of variance (ANOVA). 

Results: The resuhs of the ANOVA (see Table 4) found no significant difference 

for the dependent variable of student leaming achievement (F(l, 107) = .31, p < .58). 

Table 5 presents the detailed mean score comparison between the two types of cognitive 

style. 



Hypothesis 3 

The third hypothesis stated that there is no significant main training effect 

(training vs. no training) or cognitive tempo effect (impulsivity vs. reflectivity), nor 

interaction between the two variables on students' self-efficacy in a hypermedia leaming 

environment. 

Subhvpothesis3.1 

Analysis: This subhypothesis stated there is no significant main training effect 

(training vs. no training) on students' self-efficacy in a hypermedia leaming environment. 

The two-way univariate analysis of covariance (ANCOVA) depending on variable self-

efficacy was performed, with the pre-test self-efficacy score used as covariate. 

Results: The results of the ANCOVA (see Table 6) found no significant difference 

between the treatment groups with training and without training on the dependent 

variable of student self-efficacy in terms of hypermedia leaming (F(l, 106) = .01, p < 

.93). The treatment group with training (M = 3.34, SD = .82) was compared with the 

treatment group without training (M = 3.33, SD = .89). Table 7 presents the detailed 

mean score comparison between the two treatment groups. 
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Table 6 

Two-way ANCOVA for the effects of training and cognitive tempo on self-efficacy 

Source 

Covariable 

Model 

Training 

Cognitive Tempo 

T x C 

Error 

DF 

1 

4 

1 

1 

1 

106 

MS 

17.52 

4.97 

.00 

2.25 

.07 

.57 

F 

30.97 

8.78 

.01 

3.98 

.12 

P 

.00 

.00 

.93 

.04 

.73 

Total 110 .73 

Table 7 

Students' self-efficacy mean score and standard deviation 

Training 

No Training 

Total 

Mean 
Stad. Deviation 

N 
Mean 

Stad. Deviation 
N 

Mean 
Stad. Deviation 

N 

Reflective 

3.44 
.76 
33 

3.55 
.85 
31 

3.49 
.80 
64 

Impulsive 

3.17 
.90 
21 

3.06 
.88 
26 

3.11 
.88 
47 

Total 

3.34 
.82 
54 

3.33 
.89 
57 

3.33 
.85 
111 
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Subhypothesis 3.2 

Analysis: This subhypothesis stated there is no significant main cognitive tempo 

effect (impulsivity vs. reflectivity) on improved self-efficacy. The two-way univariate 

analysis of covariance (ANCOVA) was performed on the dependent variable of self-

efficacy, with the pre-test score used as covariate. 

Results: The resuhs of the ANCOVA (see Table 6) indicated a significant 

difference between the relatively reflective and relatively impulsive groups on the 

dependent variable of student self-efficacy in terms of hypermedia leaming (F(l, 106) = 

3.98, p < .049). The relatively reflective group (M = 3.49, SD = .80) was compared with 

the relatively impulsive group (M = 3.11, SD = .88). With respect to differences in self-

efficacy, relatively reflective subjects were more likely to report higher self-efficacy than 

relatively impulsive subjects on the self-efficacy scales in a hypermedia leaming 

environment. Table 7 presents the detailed mean score comparison between the two 

types of cognitive style. 

Subhypothesis 3.3 

Analysis: This subhypothesis stated there is no significant interaction effect 

between cognitive tempo (impulsivity vs. reflectivity) and training (training vs. no 

training) on self-efficacy. A two-way univariate analysis of covariance (ANCOVA) was 

performed on the dependent variable of self-efficacy, with the pre-test score used as 

covariate. 
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Results: The results of the ANCOVA (see Table 6) found no significant difference 

for the dependent variable of student self-efficacy in terms of hypermedia leaming (F(l, 

106) = .12, p < .73). Table 7 presents the detailed mean score comparison between the 

two types of cognitive style. 

Summary 

This chapter describes the data analysis procedures used in this research and the 

results obtained from this analysis. 

Hypotheses Summary 

Subhypothesis 1.2. MANOVA was performed to compare the means of relatively 

reflective and impulsive students in terms of MFFT I-score. No statistically significant 

differences were found to exist for dependent variable navigation pattem in terms of 

number of visits to resource nodes, time spent at resource nodes, and nonlinearity of 

navigation sequence. 

Subhypothesis 2.2. ANOVA was performed to compare the means of relatively 

reflective and impulsive students in terms of MFFT I-score. No statistically significant 

differences were found to exist for the dependent variable of leaming achievement. 

Subhypothesis 3.2. Based on the results obtained using the ANCOVA, relatively 

reflective students in terms of MFFT I-score were found to statistically improve more 

than relatively impulsive students on the dependent variable of self-efficacy in a 

hypermedia leaming environment. 
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Subhypothesesl.1,2.1., 3.1. The purpose of these three hypotheses was to 

investigate the effects of treatment with training and with no training regardless of 

student cognitive style. The same MANOVA, ANOVA, and ANCOVA analyses were 

performed to compare the means of group with and without training on the dependent 

variables, respectively, navigation pattem (number of visits to resource nodes, time spent 

at resource nodes, and nonlinearity of navigation sequence), leaming achievement and 

self efficacy in a hypermedia leaming environment. No statistically significant 

differences were found to exist for the dependent variables of navigation pattem, leaming 

achievement, and self-efficacy in a hypermedia leaming environment. 

Subhypotheses 1.3. 2.3, 3.3. The purpose of these three hypotheses was to 

investigate the interaction effects of training treatment and cognitive style. The same 

MANOVA, ANOVA, and ANCOVAs were performed to compare the means of groups 

with and without training on dependent variables, respectively, navigation pattem 

(number of visits to resource nodes, total time spent at resource nodes, and nonlinearity of 

navigation sequence), leaming achievement and self-efficacy in hypermedia leaming 

environment. No statistically significant differences were found to exist for the dependent 

variables of navigation pattem, leaming achievement, or self-efficacy in a hypermedia 

leaming environment. 
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CHAPTER V 

DISCUSSION AND CONCLUSIONS 

Summary of the Study 

The purpose of this study was to investigate effects of cognitive tempo 

preferences (impulsivity vs. reflection) on students' navigation pattems, leamer 

achievement, and self-efficacy when using hypermedia leaming environments. The 

student's cognitive tempo was identified using the MFFT I-score (impulsivity). Another 

approach of this study was to compare the effects of two different hypermedia leaming 

environment (training, no training) on programming concept study. In addition, the 

effects of cognitive tempo across training treatment on the navigation pattem, leaming 

achievement, and self-efficacy were compared to determine which type of students 

benefit more from training treatment. 

The combination of instmctional treatments investigated in the present research 

provides valuable information for research in several areas: leaming via computer-based 

nonlinear leaming environments, concept leaming studies, cognitive leaming processes, 

and cognitive leaming styles. The importance of ATI (aptitude-treatment interaction) 

research with media has been recognized. Snow (1974) maintains that interactions limit 

generalization of treatment effects and that such limited generalizations are more 

meaningful than broad, all-encompassing ones. Instmctional design research uniting 

cognitive tempo would stress what Salomon and Clark (1977) have called research on 

media, which is concemed with the creative potential of media and how it affects 
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leaming, as opposed to research with media, which merely employs media as vehicles of 

stimuli presentation. This research suggests potential benefits of the consideration of 

cognitive tempo differences in instmctional design for computer language study. Little 

empirical research has examined the results of hypermedia and cognitive tempo 

interaction, and more experimentation needs to be done to add to the existing research. 

Research on metacognition has provided convincing evidence supporting its importance 

in the instmction and leaming processes (Osman & Hannafin, 1992). Though this 

research failed to demonstrate which leamers can benefit from the use of training utilized 

as a metacognitive strategy support in hypermedia leaming environments, these results 

open more opportunities to maximize leaming to the leamer by identifying the 

relationship between self-efficacy and cognitive tempo. Landow states that "although 

both linear and hierarchical arrangements provide information in some sort of order, that 

order does not always match the needs of individual users of that information"' (1992, 

p. 18). Hypermedia provides more flexibility than many other forms of presentations, 

suggesting the possibility of satisfying a wide range of leamers. 

In this study, a total of 111 college students were used as the subjects in this 2 x 2 

research design. The students had little or no experience in a hypermedia leaming 

environment. Students were grouped by cognitive tempo into two categories: relatively 

reflective and relatively impulsive. The treatment groups were with training and with no 

training. According to the research design, subjects were randomly divided into four sub

groups. This study taught students basic HTML programming language concepts in a 

hypermedia leaming environment. 
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The instmctional software used in this study was a hypermedia-based lesson, 

designed and developed by the researcher. A researcher developed achievement test and 

self-efficacy scale sheet were used. The dependent variables measured in this study 

included navigation pattem (number of visits to resource nodes, time spent at resource 

nodes, and nonlinearity of navigation sequence), leaming achievement, and self-efficacy. 

During the first phase of the study, the students completed the demographic 

information sheet and self-efficacy scale sheet. Then they took a computerized version of 

the Matching Familiar Figures Test (MFFT). In the second phase, the students were asked 

to complete their respective hypermedia-based instmction lessons at their own pace in the 

computer lab. At the same time, the navigation data were recorded. At the end of the 

lesson, students completed the achievement test on the computer. Following the lesson on 

the computer, students were asked to fill out the post-test of self-efficacy scale sheet. 

In this study, hypotheses 1 was tested by MANOVA. Hypotheses 2 was tested by 

ANOVA. Hypotheses 3 were tested by ANCOVA. The research findings will be 

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

will be given. 

Discussion 

The Effect of Training Treatment on Navigation Pattems 

No significant difference was found when the effect of training on navigation 

pattems was investigated. The navigation pattems were measured by number of visits to 

resource nodes, time spent at resource nodes, and nonlinearity of navigation sequence. 

81 



Cognitive psychological research indicated that it is very important to use 

appropriate leaming strategies in CAI design. Vemon and Marie's (1994) research 

assumes that the more people know about strategies, the greater the probability they will 

use the appropriate strategies in the appropriate situations. Other researchers (Duell. 

1986; Lodico, Ghatala, Levin, Pressley, & Bell, 1983) have shown that the effectiveness 

of informed training, teaching leamers when a strategy may be used, its application in a 

variety of situations, and its effectiveness for producing better leaming. However, the 

hypothesis that training treatment will have an effect on navigation pattems was not 

rejected in this study. Reasons for the non-significant results could be attributed as 

follows: 

First, the time for the treatment may not have been long enough. Students in this 

study were exposed to the new hypermedia leaming environment for only about 40 

minutes. During this period, the training time is very short. Thus, the navigation and 

integration of information strategy for hypermedia leaming environment may not be well 

leamed to be applied appropriately. Stemberg and Wagner (1982) pointed out this 

limitation of strategy training. This implies that new strategies must be well leamed to be 

effective. 

Second, another factor might influence the effect of training on navigation 

pattems and leaming achievement was students' attention to the training treatment. It was 

noticed that some students in the training group did not pay much attention to the training 

content. There are several reasons why they did not pay attention to the training. I- irst, 

these students didn't have motivation to leam the necessary skills in order to thoroughly 
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study the new concepts of the HTML programming language in a hypermedia leaming 

environment. Second, the training may not be strong enough in providing precise, or 

helpful information, instmction, procedures, or stmcture for novice students in such a 

leaming environment. The research conducted by Park and Hannafin (1993) indicated 

that leamers become confused and disoriented when procedures are complex, insufficient 

or inconsistent. Furthermore, providing clearly defined procedures for navigating within 

the system and accessing on-line support is necessary. If the training treatment was 

presented differently, including options to practice before using it, adequate directions, 

and more efficient metacognitive strategies, a difference in navigation pattems between 

the training group and the no training group might be obtained. 

The Effect of Cognitive Tempo on Navigation Pattems 

Contrary to expectations, the results of the data analysis for the first hypothesis 

found no significant difference on navigation pattems measured by number of visits to 

resource nodes, time spent at resource nodes, or nonlinearity of navigation sequence. 

Even though relatively reflective students visited more resource nodes, stayed longer at 

resource nodes than the relatively impulsive students, and had a higher nonlinearity in 

navigation sequence than the relatively impulsive students, but none of these differences 

were enough to result in statistical significance. There are several possible reasons why 

cognitive tempo did not show strong effects on student navigation pattems. First, the 

instmctional lesson may not have been complex enough to make the relatively refiectiv c 

students do more systematic and detailed exploration, and relatively impulsiv e students 
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were not confused enough to jump around finding information. Thus, further research 

needs to utilize more complex instmctional content. Second, the students may not have 

enough motivation to leam the new topic, so they did not seriously search and navigate 

through the whole lesson as they were supposed to. Thus, this possibly suggests that the 

subject sample needs to be chosen carefully, or subjects' motivation and attitude toward 

leaming need to be considered. Third, the resource icons may not have expressed the 

meanings intended by the researcher, so students may not have been able to associate 

these resource nodes with problem solving activities or skills. Consequently, these 

resource nodes would not be considered and utilized differently by students with different 

cognitive tempo. 

The Effect of Training Treatment on Achievement 

Surprisingly, the results of the research found that students who were given 

training treatment did not show any significant difference on the achievement test when 

compared to those who were given no training treatment. Schunk (1991) pointed out that 

the what component of the leaming is important, so are the when, where, and why of 

strategy use. Previous research indicates that leamers benefit from explicit instmction on 

metacognitive activities. Research on several components of metacognition has provided 

concrete evidence suggesting that metacognitive skills are essential in leaming. 

According to Osman and Hannafin (1992), knowledge of both "whaf' and "how'" are 

necessary but they are not sufficient conditions for effective comprehension monitoring. 

Furthermore, individuals lacking key "person traits" fail to invoke available strategies 
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even when comprehension failures are detected. Therefore, one of the possible reasons 

why a difference of student achievement between the training and no training group was 

not found could be influenced by individual factors, such as perceived self-efficacy, self-

confidence, and locus of leaming contribution. The instmctional time of this study was 

also short. 

In addition, the measurement of achievement used in this study was a researcher 

developed test. The content of the test may not represent exactly the information provided 

in the instmctional lesson. The reliability and validity need to be improved. Also, we can 

not expect students to leam totally new content, HTML programming language, in the 

new leaming environment when the instmctional time is very short (less than an hour), 

even when specific navigation strategies and information integration skills were provided 

to assist leaming. 

The Effect of Cognitive Tempo on Achievement 

The results of the data analysis did not show a main cognitive tempo effect on 

student leaming achievement. It found that the relatively impulsive students performed as 

well as the relatively reflective students. This is contrary to expectations. However, 

previous research showed that reflectives attend more closely to details, thereby 

performing better than impulsives on tasks requiring such attention, whereas impulsives 

did as well as, though not better than, reflectives on tasks requiring global analysis 

(Zelnicker & Jeffrey, 1979). One reason why the reflective students did not perform 

better than impulsive students on achievement is that the content of achievement test used 
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in this study might be too simple, not requiring much specific inspection. Thus, relativ ely 

impulsive students who used the strategies of global analysis did as well as the relatively 

reflective students. Tests designed for future research need to be carefiilly developed and 

evaluated. Second, the intemal reliability of the achievement test was low. 

The Effect of Training Treatment on Self-efficacy in a Hypermedia 
Leaming Environment 

No significant difference was found when the effect of training was compared on 

the self-efficacy in a hypermedia leaming environment. No research has been done to 

investigate the effect of the training on self-efficacy in a hypermedia leaming 

environment. The answers to this subhypothesis were quite open. The non-significant 

difference between training and no training group on self-efficacy may have been caused 

by the short duration of the treatment. Also, according to some researchers (Bandura & 

Adams, 1977; Bandura, Adams, & Beyer, 1977), reported self-efficacy is highly 

correlated with subsequent performance. This study found that both the training and the 

no training group students' self-efficacy had been improved. This result supports Lewis' 

(1985) study that self-efficacy strength increases significantly during the course of study. 

This implies that the successful leaming experience in a hypermedia leaming 

environment can be a very important source of improved self-efficacy. If the training 

treatment had a more positive effect on student leaming experience of hypermedia-based 

lesson than the no training treatment, the training group students' self-efficacy should 

increase more. However, no significant differences were found in this stud>. It is very 
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possible that students in the training group did not benefit more from their leaming 

experience than those in the no training group. Strategy training content, strategy training 

length, and the way of presenting a strategy could be changed or improved, in order to be 

more effective. 

The Effect of Cognitive Tempo on Self-efficacy in a Hypermedia 
Learning Environment 

The research results found that the relatively reflective students have higher self-

efficacy scores than relatively impulsive students after using a hypermedia-based 

instruction lesson. Thus, the null hypothesis that there is no significant main cognitive 

tempo effect (impulsivity vs. reflectivity) on improved self-efficacy was rejected. In fact, 

the research results also showed that both reflective and impulsive students" self-efficacy 

in a hypermedia leaming environment had been enhanced (Ref: Mpre= 2.23, Mpo t̂̂  3.49; 

Imp: Mpre = 2.07, Mp̂ st = 3.11). This resuh is in agreement with Lewis' (1985) study that 

direct computer experience influences an individual's development of self-efficacy and 

also is the most potent source of change in optimal leaming experiences. According to 

Bandura (1977a), performance accomplishments (direct experience) provide the most 

influential source of efficacy information. 

No study has concentrated on how cognitive tempo may affect self-efficacy in a 

hypermedia leaming environment. However, we know that a person's successftil 

performance of a given behavior is probably the most powerful predictor of positive self-

efficacy expectations. Thus, if students with certain cognitive tempo feel more 
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comfortable and confident in a new leaming environment, such as a hypermedia 

environment, they should hold a high sense of self-efficacy. There is no research to 

support an advantage for impulsives. Jonassen and Grabowski (1993, p. 118) stated that 

reflective leamers acquire, and use effectively, leaming strategies such as: setting their 

own leaming goals, concentrating on information, comparing new knowledge with 

existing knowledge or beliefs, and metacognitive strategies, such as regulating mood and 

testing personal skills. This implies that the reflective students should have a more 

satisfactory experience in such a new learning environment, though the results found no 

significant differences in achievement scores. The reflective students with a better 

leaming experience could be a possible reason why reflective students had higher self-

efficacy in a hypermedia leaming environment. 

The Effect of Treatment Across Subjects with Different 
Cognitive Tempo 

Research results found no significant difference when the interaction effects of 

training treatment and cognitive tempo were compared on the navigation pattems, 

leaming achievement, and self-efficacy in a hypermedia leaming environment. No 

training treatment significance was found on any dependent variables in this study. One 

possible reason is that training length is short. It is not reasonable to expect that the 

interaction effect of training and cognitive tempo would be shown following one short 

instmctional lesson. No related research has been done to investigate the interaction effect 
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of strategy training and cognitive tempo on navigation pattem, leaming achievement, and 

self-efficacy in a hypermedia leaming environment. 

The research results showed that relatively reflective students' nonlinearity in a 

hypermedia leaming environment failed to differ significandy from that of the relatively 

impulsive students. This may have been due to the weak treatment effect, however, and 

the difference did approach significance. The larger non-linearity score means that the 

subjects are more eager to do exploration in a non-linear leaming environment, not just 

follow the predetermined sequence. Future study should explore this question with a 

stronger training treatment in order to see a significant interaction effect. 

The research results showed that training treatment has no significant effect on 

leaming achievement between relatively impulsive students and relatively reflective 

students. However, the reason why no significant interaction on leaming achievement 

was found may have been attributed to the inefficient training effect. Future study should 

investigate this question over a longer time of treatment. 

The research results showed that relatively reflective students self-efficacy scores 

were slightly higher than relatively impulsive students in both the training and the no 

training condition, but the difference was not significant. In other words, relatively 

reflective students' self-efficacy scores in the no training group failed to differ 

significantly from that in the training group. However, in a future study, it is reasonable 

to expect a significant interaction effect on self-efficacy if the training treatment is more 

effective. In a future study, the appropriate integration of strategy training in the 
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instmctional lesson should be a very important issue in designing a hypermedia-based 

instmction for relatively impulsive students. 

Some Supplementary Findings 

Significant difference between reflectives and impulsives on time spent on the 

program were found. Relatively reflective students spent more time on the completion of 

the lesson than relatively impulsive students. This result is consistent with research 

(Drake, 1970) that relatively reflective children gather information more systematically 

and evaluate it more thoroughly than impulsive children. The time spent on the program 

is correlated to nonlinearity (R=.53**), time spent at resource nodes (.66**), number of 

visits to resource nodes (.35**), achievement (.23*), HTML experience (.20*), number of 

visits to the map (.23*), number of visits to the program (.48**), time spent at the map 

(.44**), pretest of self-efficacy (-.21*), and posttest of self-efficacy (.22*). 

Limitations 

The limitations of this study are as follows: 

1. Training content in this study was researcher-developed, and might lack 

sufficient effectiveness, or have a different effect on each individual. In addition, training 

was provided in the beginning of the treatment with a long paragraph of text. Some 

students might not complete the training before jumping to the instmction. Therefore, the 

effect of training may not be shown, ft is possible that students did not get appropriate or 

enough training to be effective leamers in a hypermedia leaming environment. 

90 



2. Subjects' reading ability might influence their performance, such as navigation 

pattem (measured by number of visits to resource nodes, time spent at resource nodes, 

and nonlinearity). Random assignment should control this problem. 

3. Subjects' cooperation or motivation for participation in the study may not be 

identical. It was noticed that some students in this study just wanted extra credit, but had 

no intention to leam anything. A few subjects had leaming disabilities, related to reading 

problems with computer screens. These data could be excluded from analysis. 

4. The first day of the study, some computer monitors had problems with text 

color on certain pages of the instmctional lesson, including the training treatment page. 

This might influence a student's leaming performance. 

5. In this study, college students were used as subjects, including undergraduate 

and graduate students, leading to possible developmental differences between subjects. 

6. Intemal validity may not be adequate. First, the instructional time was short for 

both the training and the no training treatment group. Second, strategy training time was 

also short. Therefore, the leaming strategies may not be well leamed to use appropriately. 

It might be appropriate to add leaming strategy practice to the training treatment to make 

sure that students were well trained in the study. 

7. Intemal consistency reliability of achievement test was low. It is very difficult 

to generate significant resuhs with low reliability. It needs to be improved in ftiture study. 
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Implications for Classroom Practice 

The findings of this research supported the theory and previous study performed 

by Lewis (1985) that direct computer experience influences an individuafs development 

of self-efficacy. Also these findings are consistent with the statements "performance 

accomplishments (direct experience) provide most influential source of efficacy 

information" (Bandura, 1977a, p. 191). It implies that a leamer's self-efficacy in terms of 

a hypermedia leaming environment can be enhanced by employing an appropriate 

hypermedia-based instmctional lessons. 

The self-efficacy literature reviewed by Olivier and Shapiro (1993) showed that 

those who possess a high degree of self-efficacy tend to be higher achievers than those 

who have a lower degree self-efficacy. In addition, high correlations are often found 

between reported self-efficacy and subsequent performance (Bandura & Adams, 1977; 

Bandura, Adams, & Beyer, 1977). This implies that a leamer's achievement could be 

increased when a leamer's self-efficacy is improved over a longer treatment, though the 

present study did not find a significant difference on leamer achievement. 

Cognitive tempo (reflective/impulsive) has an effect on the self-efficacy in a 

hypermedia leaming environment. It implies that the individual differences should be met 

in order to enhance self-efficacy in a hypermedia leaming environment. The variety of 

options appropriate to different type of individual in a hypermedia leaming environment 

should be provided. 

In this study, the instmctional lesson content was the HTML programming 

language. The resuhs of this study should be applied to other subject areas. The results 
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might also have positive effect for classroom teaching and leaming. Strategy training is 

worthy to explore in further research, though the results found no significant effects in 

this study. 

Suggestions for Future Research 

Based on the resuhs of this study, further research is needed to examine several 

questions. 

1. Additional independent variables associated with the map might be investigated 

in the future study. The map in the instmctional lesson of this study served as navigation 

aid, and it might have effects on navigation pattem. According to Conklin (1987), maps 

can be very important, since getting lost in a large information network is a potential 

problem. The suggested questions could be, for example, will a map influence navigation 

pattems? Will a map improve content specific and far transfer of leaming? Will a map 

improve leamers' motivation or self-efficacy in a hypermedia leaming? 

2. Additional levels of the independent variable of training such as training with 

practice or training with no practice should be investigated, since practice can ensure that 

the leaming strategies have been well leamed. 

3. The dependent variable of navigation pattem might be measured in a different 

way in further research, for example, by examination of the in degree and out degree for 

each of the nodes (information unit), number of visits to the map, or number of visits to 

each individual resource. 
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4. Several aspects of the instmctional lesson design improvement are needed in 

order to increase the treatment effect. It had been expected that strategy training would 

have significant effects on student navigation pattem, leaming achievement, and self-

efficacy. However, the results of this study showed no significant differences on anv of 

these dependent variables. First, training content can be improved with adding graphics or 

sound in order to gain attention. Second, lesson content and stmcture need to be more 

complex, so different navigation strategies leamed from training would be required to 

make differences in a hypermedia leaming environment. Third, a longer lesson with 

opportunity to practice what was leamed might lead to differences in leaming 

achievement or self-efficacy in a hypermedia leaming environment. 

5. The results of this study found the cognitive tempo (reflective/impulsive) has 

significant effects on self-efficacy in a hypermedia leaming environment. It might be 

interesting to further explore the effect of leamer traits such as gender or age. 

6. The subjects used for this study included undergraduate and graduate students. 

In future study, we should investigate the research questions with a more homogeneous 

sample in order to enhance the results. 

7. With unlimited resources, I would like to design a more complex hypermedia-

based lesson, such as a computer simulation presenting information in multiple channels, 

including auditory, visual, and tactile. According to Jonassen (1988, p. 204), in order to 

respond to individual needs, instmctional designers need to know how leamer 

characteristics mediate the effects of both content and methods within instruction. The 

computer and other new technologies are a powerful delivery system for responding to 
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difference among students. Knowing how leamer characteristics interact with 

instmctional treatments will provide the basis for prescribing how to design instmctional 

treatments that accommodate individual differences. Individual leamers with different 

cognitive tempo have unique styles for accessing and relating to new information. 

Therefore, in the instmctional lesson of future study, students should have a variety of 

opportunities to choose their leaming activities, and an opportunity to practice what they 

have leamed while they are leaming. 
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APPENDIX A 

ACHIEVEMENT TEST 

This test contains a set of muhiple choice questions. You are not allowed to go 
back to any topic or resource during the test period. However, you may review a specific 
topic or resource by clicking the Menu button below before you take the test. Otherwise, 
begin your test by clicking the Next button now. 

1. What makes hyperlinks possible on the World Wide Web? 

a. Hypertext 
b. HTML 
c. Ted Nelson 
d. Tim Bemers-Lee 

2. HTML is a language that is used to create 

a. images 
b. audio 
c. video 
d. home pages 

3. HTML tags are composed of 

a. brackets, slashes, and tag names 
b. less than and greater than signs 
c. paired tags such as <TAG NAME> and </TAG NAME> 
d. single tags and paired tags 

4. "<I><B>BOLD</I></B>" will make the word BOLD 

a. bold 
b. italic 
c. both bold and italic 
d. hyperlinkable 
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5. A tagged file for a home page should be saved with the extension of 

a. htm only 
b. html only 
c. filename 
d. htm or html 

6. Where are the <HTML> and </HTML> tags usually in a HTML file? 

a. anywhere 
b. in the header 
c. in the body 
d. at the beginning and the end 

7. Which of the following is NOT a single tag? 

a. <HR> 
b. <BR> 
c. <TITLE> 
d. <IMG SRC="file_name.gif'> 

8. Which of the following statements is tme about the heading tags? 

a. <H6> and </H6> produce the biggest font in all headings. 
b. <H1> and </Hl> produce the smallest font in all headings. 
c. <H2> and </H2> produce bigger font than <H3> and </H3> 
d. <H2> and </H2> produce smaller font than <H3> and </H3 

9. Which of the following statements is tme about the list tags? 

a. <OL> starts an ordered list with numbers. 
b. <OL> starts an ordered list with bullets. 
c. <UL> starts an unordered list with numbers. 
d. <UL> starts an unordered list with letters. 

10. What is the hypertext in <A HREF="cat.html">Cat</A> 

a. "cat.html" 
b. Cat 
c. HREF 
d. A HREF 
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APPENDIX B 

SELF-EFFICACY SCALE 

Read the statements below. Decide how much confidence you have in the 
following response scale. Then put a check in the corresponding place. All of the 
statements reflect a variety of hypermedia related self-efficacy on skills and knowledge. 
Hypermedia referred to a non-linear, multimedia leaming environment. Hypermedia can 
include information from any number of video and audio sources (e.g., music, text, 
animation, film, graphics, speech, still images). 
Response Scale: 

1 = feel very little confidence 
2 = feel some confidence 
3 = feel moderate confidence 
4 = feel confident 
5 = feel completely confident 

I... 

- understanding terms/words relating to a hypermedia 
leaming environment, such as nodes and links. 

~ using nonlinear stmcture in a hypermedia leaming 
environment; 

~ browsing the database in a hypermedia leaming 
environment; 

~ making selections from the tool database in a 
hypermedia leaming environment; 

~ selecting the right nodes in hypermedia leaming 
environment; 

~ searching for specific concepts in a hypermedia 
environment; 

- searching deeply before giving up on a search 
path in a hypermedia leaming environment; o 

ll.'̂  



using navigation buttons in a hypermedia 
leaming environment; 1 2 3 4 5 

using the help button in a hypermedia leaming 
environment; 1 2 3 4 5 

using a main menu page in a hypermedia 
leaming environment; 1 2 3 4 5 

using a map to navigate through a 
hypermedia leaming environment; 1 2 3 4 5 
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APPENDIX C 

DEMOGRAPHIC INFORMATION SHEET 

Please fill in the following information for the researcher. 

Gender 
Male 
Female 

Age 
15-20 
21-25 
26-

Classification 
Freshman 
Sophomore 
Junior 
Senior 
Graduate 

Intemet Experience 
Very Experienced 
Experienced 
A Little Experienced 
Non-Experienced 

Hypermedia Leaming Environment 
Experienced 
Novice 
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APPENDIX D 

HELP INSTRUCTION WITH TRAINING 

Help Instmction 
In the following pages, you will be introduced to some hypermedia processing 
strategies in order to effectively use hypermedia. First, you will be introduced to 
what the buttons mean. Second, you will be introduced to some skills in navigation 
and integration of information in a nonlinear environment. 

What the buttons mean: 
Next: This button takes you to the next screen in a series of related screens. 
Prev: This button takes you to the previous screen in a series of related screens. 
Back: This button takes you back where you were. 
Up: This button takes you back one level up. 
Continue: This button takes you to the next topic. 

How and when the button can be used: 

Skills in navigation and integration of information will be 
covered on this page. 

1. Navigation 

Up button - will take you up a level, e.g. from detailed text to submenu, or from 
submenu to main menu. Thus, whenever you have learned enough about the specific 
subject, you can click the Up button and go to menu page to choose another topic. 

Back button - will take you one-step back to where you were, e.g. suppose you went 
to page "practice" accidentally, and you are not ready to do the exercise yet, you 
can click return button to go back to where you were. 

Previous button & Next button -This button takes you to the previous screen in a 
series of related screens, e.g. you are on topic "Creating HTML Documents", the 
title bar will show you there are 4 pages on this subject, thus you can click prev 
button and next button to go back and forth on this topic. When you fmish this topic 
you might use Up button to go either submenu page or main menu page. 

Menu button - This button will take you to main menu page. Here, you can choose a 
topic you want to learn, or exit from the program. For research purposes, you are 
not allowed to leave the program before you finish the test Menu button can be 
accessed on the bottom of each page. 
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Map button - This button takes you to the main map screen, where you can see the 
structure of the program. From main map you are allowed to go any topic you want, 
the detail map can be accessed from main page too. In addition, the map will show 
you where you have been. Thus this map page will be very useful, when you get lost, 
not sure where you should go next and where you came from, or even how to exit 
the part of the program you are in. 

Continue Button - This button will take you go through the lesson on a default or 
pre-determined path. Users who do not wish to make their own way through 
hypermedia may sometimes elect this option. The program will determine the 
sequence in which the information is presented to the browser or user. The continue 
button is provided on the end of each topic. 

2. Integration of Information 

Learning is the organization of the learner's knowledge structure. Learning entails 
the acquisition of information and the re-organization or re-structuring of that 
information to make it more meaningful. In this lesson, several supplement 
resources are provided to help you integrate what you have learned. 

— You can search information by clicking references button or glossary button. The 
reference page will show you a list of tags and a short description of each tag. It's 
organized by topic. The glossary page contains a list of terms of HTML. 

— You can compare what you have learned, by clicking examples button. Example 
page contains a set of examples with illustration (which is what you see) and source 
code (what you write in HTML code). 

— You can get advice on solving a common problem, by clicking trouble shooting 
button. The trouble shooting page contains a list of common problem with solutions. 
It will help you avoid similar mistakes. 

- FAQ button contains a list of frequent asked questions about internet, WWW, 
and HTML. This is a broader resource for your interest. It's generally related to 
what you will learn in this lesson, but not specific for the material covered in this 
lesson. 

™ The blue hotword in the text can be cUck to see more details. 

—This is the end of this page. 
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APPENDIX E 

EXAMPLE OF MAIN MENU PAGE 

Main Menu 
This is a primer for producing docnments in HTML, the markup 
language used by Ae world wide web. The topics will be covered in 
thelessdm 

Click on one of the topics ^mt to view 
Mormtdoii on that subjects 

Next 
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APPENDIX F 

EXAMPLE OF MAIN MAP PAGE 



APPENDIX G 

EXAMPLE OF INSTRUCTION PAGE 



introduction to Creati^a Hoaie:0s^ iHUiuinmnmyiiHimHr*!! 

This button takes you to the next 
screen ill a series of related scireens. 

This button takes you to the previous 
screen in a series of related screens. 

This button takes you back where you 
were. 

This button takes you back one level 
u p . iii 

This button takes you to the next topic. 



lillngdNkCtijM. to Creating a Home Page 

What the buttons mean: 

: v.- O "* > "̂  • '^ l ' ' ^ > 

Help (pajjeJ of?) 

This button takes you to the menu screen, 
where you can chose a topic or exit. 

This button takes yo« to (be map screen, where 
you can see the stmelure of the program. 

This contains a list of terms that are specific to 
HTML. 

This contains a set of examples, including 
iUustrations and source code. 
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Help (pajje 5 of 5) 

Baw and when ike buttons can be used: 

W <! ,» I i 

Skills in navigation and integration of 
infarnuOian will be covered on this page. 

h Navigatioii 

Up button - will take you up a level, e.g. from detailed text to 
submenu, or from submenu to main menu. ThuSt whenever 
youbave learned enough about the specific subject, you can 
elide the Up button and go to menu page to choose another 

Back button - will take you one-step back to where you were. 
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APPENDIX H 

EXAMPLE OF SUBMENU PAGE 

lIKoduction to Creating a Home Page 

Creatinj; HTML Documents (pajie 1 of 4) 

Creating HTML Documents 
HTML documents are ui plain (also known as ASCH) 
text format and can be created using any text editor 
(cg^^Dinacs or v! on UNIX maclunes). A couple of Web 
browsers Include rudimentary HTML editors in a 
WYSIWYG environment. There are also some 
WYSIWYG editors now. Yon majrwisii to $fy one of 
them first bef(»*e deHverins inta tHe deta& of HTML. 
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APPENDIX I 

EXAMPLE OF RESOURCE PAGE 

Netscape - [Kesheng's Web Pagel 
File £dit View Go Bookmarks Options Directory 

'̂ ^^ 
t",' ""Mt'Tti \ 

' • 

'Hww 
>«*M#tfWMiMP*^i^-^iU)iMI#MtMWi 

OdtM 

gHSSSS 
Print ^^.p 

LbcatfiMi: 
QiMMMWMWl 

1 . ' * ^ ^ ^ * ^ ' ? ! ? ^ ^ ' ' -̂  

file:///A|/EXAMPLEl.HTM 

tNMN 
k'il^i^' 'I M»^«^C«^;i ̂ ^̂ iiainiKK^ 

iwtwwitpWjiiMi^^ 
fflle«H^otqp»| 

a| * i *«MH** i«k |W 
MHHiiH. 
MMnHNHtataiih «tM|«* l l««MWM 

'y^^; 

Ŝ -
J ' , " , - s ^ 

"J'f"? 

ThisisM -LevfeLBHeafflfe 
1 Ills IS 0 L(0V0I Z ,lri60Cllllg>:|?p-; ;;-~̂ i£||£;;,;gp̂ g;||-̂ ^̂  ,.. 

• V ' " ;« • ; " ' . * « " 

TMsis a Lerel S Heading; 

This is a Level 4 Heading 

K; K;; ; . , . . «>; . . . , j i i ; ;;'";j>;jJK''3;: 
V>-* f / > J A / ^ V ^ ^ ffff* A W W ^ * ^ ' J ^ ^ V > ^ ^ 

•itiiitftof",, • \ 
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file:///A|/EXAMPLEl.HTM


w 

lltW>MI«IIIIIIIIIIIIIIMIIIIHIII 

Bacafl^l4ftl 

Exaa^leS 

• •WWt*Wt l l l I'irMWWWWWWWWWTW" 

Examples 

Learn By Example 

Most aB l^owsers allow you to view the source 
of the page you are viewing - the instructions 
the pagers author wrote which your browser 
followed to display the page. If yoit are vsing 
Netscape or Mosaic, select the'' Source..." , 
"Document Source...", or "View Source..." 
menu item on either 
the **Me" or "View" pull-down menu 
(depcsiding on the specific flavor of Mosaic 
voiî rerunningL If you are iising Lvni> hit the 
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References 
• I I I H ' t ' l l l ' M " 

Tag R^ereBce 
Tags for formattiiig the following aititicg are talmlatyidi 

5^S 

Bocumaeiifs 
Paragraphs I Characters' 
Lists 
Anchors t i n n i l i n i . • • • M U M I m • • n i i i i i i i t i n i , 

HH.irtHWHftHMHIIillllli'l 

Document Formatting 

i l i i l l i imill l l l l l t l l l l HiiiiMnHmllii>>W»MHim.i> tH.tlilMIIIIIIHtllllHlltl-IMIIillllllHllllllllllltllllllllllllHI*l*ltW*wm*H IIIIIIMIIMtlllltllllMIMKi 

Tag_ Description 
<htail> HTML doouneiit indkuitor 

•lt...l>hlllH.l.l il tii 'ni " ' 

<head> Docmnent hmd 
• i i . t • i . . . i i i i i i l l l l i i i l M >i l l l l l l II i i l l I It •<•' 

kdbiMMJLiMMMta^iMMtMM^lMMMri ^ *-
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APPENDIX J 

EXAMPLE OF PRACTICE TEST PAGE 

^ liolrpdiietiOft to Creating a Home Page 

Practice Test 

! i ) 

Question I of 5 

<H3>...<JH3> is most profl^ent header 

<Hl>...</Hl> is most prominent header 

^ ^ j : | <H6> .</H6> is most profliineni header 

<H2>...</H2> is most prominent header 



f^ 
APPENDIX K 

EXAMPLE OF TEST PAGE 

Question 4 of 10 

Question 4: "<I><B>BOLD</I></B>" will make 
the word BOLD 

bold 

italic 

both bold and italic 

hyperlinkable 

Be sure choose the answer for each 
quest ion 
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