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ABSTRACT 

Societ) is in the midst of an infoi-mafion revolution powered by increasingly rapid 

advances in digital technologies that are augmented by virtual instantaneous global 

dissemination. Tradifional modes of cognifion and leaming, that are bound to language 

more than visual foi-m, are being redefined in a digital multimedia culture. Textbooks are 

an important component of most educational designs. With respect to electronic 

textbooks, fundamental issues remained to be resolved. These issues include 

identification of factors that motivate a learner to use (and learn from) a textbook in 

electronic form. Studies focusing on digital environments, such as Web-based and 

computer-based instmction, have demonstrated leamer disorientation and an increased 

cognitive load placed on the learner. Similar demands are placed on learners interacfing 

vv ith an electronic textbook, vv hich can be deliv eied in both Vv'eb-mediated and computer-

mediated forms. Textbooks are an important component of most educational designs. 

Although the use electronic textbooks as substitutes for tradifional expository printed 

textbooks aie still a relativelv novel phenomenon, issues remain to be resolved. A major 

goal is the elucidafion of factors that motivate the learner to both use and leam from a 

""textbook" in digital fonn. 

This comparative study examined the significance of specific affect and conative 

constructs relative to learner performance in two design metaphors for electronic 

textbooks: Intemet Browser and 3-D Book representafion. Another focus of this study 

vv as to provide insight into electronic textbook designs that promote increased leamer 

satisfaction. Leamer orientation and self-efficacy beliefs have been selected as constructs 

that affect leamer attitudes and perfoi-mance, as well as learner preference in a variety of 

digitally mediated environments. This study also sought to extend the applicability of the 

Leaming Orientation Model which has been developed to idenfify the influences of 

affective, conative, and social factors on leaming, to an electronic textbook environment, 

as well as seek out a possible interacfion between the Learning Orientafion Model and the 

affect con.structs measured in this study. 
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Significant effects were found for interface designs, learning orientation and gender 

with respect to atfitude measures, self-efficacy beliefs, and post-treatment achievement. 

Learner attitudes based on positively-stated and negatively-stated items focused on 

feelings toward the electronic textbook as well as elicifing opinions on the functionality 

of the electronic textbook. In this study atfitudes that expressed opinions regarding the 

functionality of the electronic textbook were significant. The Transfomiing-Performing 

(T-P) leaming orientation group demonstrated a more favorable opinion for the 

applicability and utility of the Internet Browser interface design over the 3-D Book 

interface. Conversely, the Conforming-Resistant (C-R) group demonstrated preference 

for the 3-D Book interface design over the Intemet Browser. The T-P group also 

indicated a more positive attitude toward the functionality of the Internet Browser 

interface for an electronic textbook. 

The self-efficacy subscale reflecting the participant confidence for manipulafing 

downloads and multimedia files in an electronic textbook indicated that gender was a 

significant factor. Significance vv as found between treatments, i.e.. the Intemet browser 

and 3-D Book interface designs vv ith respect to post-treatment achievement, although no 

significant difference was observ ed with en-route task completion or performance. In 

this study, participants using the 3-D Book interface had a significantly higher proportion 

of correct responses than those using the Intemet Browser interface design for the 

electronic textbook. 
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CHAPTER 1 

PROBLEM STATEMENT 

Introduction 

Electronical!) displaced instructional content is increasingly being used to 

supplement printed text. This digital transformation is also impacting the instructional 

design boundaries of the textbook. How will traditional modes of cognition and learner 

behav ior v\ ith regard to textbooks, w hich are bound to language more than to visual form, 

be affected within the hypermedia, leamer-controlled environments of the electronic 

textbook? 

A focus of this study was to explore and expand understanding of leamer self-

efficac) beliefs and attitudes within the context of two interface design metaphors for an 

electronic textbook: an Intemet browser and a 3-D "book" representation. The stud}' also 

evaluated the developing Leaming Orientation Model that initially has been applied to 

identity leamer orientations to Web-based instruction (Martinez & Bunderson. 2000). 

The electronic textbook environment would seem a natural extension of the Leaming 

Orientation Model. 

Purpose of the Study 

Our society and its institutions are in the midst of an information revolution 

powered b\ increasingh rapid advances in digital technologies and disseminated by 

\ irtualh instantaneous communication networks. In academia. the logistics and designs 

for distributing instruction and content are rapidly changing due to the extenuation of 

time and space barriers, along with an accompanying need to attract larger audiences for 

their products and services. 

Textbooks are an important component of most educational designs. The use of 

electronic textbooks as substitutes for traditional expository printed textbooks is still a 

relatively novel phenomenon. Fundamental issues to be resolved include the 



identification of factors that motivate the learner to both use and leam from a ""textbook"" 

in digital form. 

This study of two design metaphors for an electronic textbook examined the 

relationships of affect and conative constructs as well as leamer performance of 

ecologically \ alid tasks (i.e.. reading text and information retrieval). Leamer self-

efficacy beliefs and leamer attitudes have been selected on the basis of research literature 

as demonstrating \arying degrees of effectiveness in predicting both leamer perfomiance 

and leamer preference in a variety of digitally mediated environments. One question was 

whether participant attitudes and self-efficacy beliefs would vary significantly using an 

electronic textbook v\ ith a particular interface design, such as an ""Intemet browser" or a 

"3-0 book" interface. These two contrasting graphical user interfaces (GUIs) selected 

for the study based upon the assumption that participants would have experience with 

both the Intemet browser interface and the "book" metaphor. Participants selected for the 

stud) are experienced users of printed textbooks and most would be expected to have 

experience using the Intemet. However, a majoritv were assumed not to have had 

considerable experience with an electronic te.xtbook. By examining self-efficacy beliefs 

and attitudes one potential outcome is to provide meaningful direction to further research 

into designs for electronic textbooks that result in greater leamer satisfaction. 

This study has also extended the applicability of the Leaming Orientation Model 

(Martinez. 1999) by comparing this leaming orientation construct to leamer attitudes, 

self-efficacv beliefs, task performance, and post-treatment achievement. Snelbecker 

(1999) noted that contemporary instmctional-design theories and models have 

emphasized cognitive processes, but that there is a ""growing recognition of the role of 

affect in education and training." as well as, the role of theories and models that focus on 

the conative and affective needs of individual learners (p. 654). The Leaming Orientation 

Model is a part of a developing Intentional Leaming Theory that attempts to evaluate the 

influences of affective, conative. and social factors on leamer perfonnance in Web-based 

environments, thus providing guidance in developing instructional designs for on-line 
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instruction. This stud) extended the evaluation of the Leamer Orientation Model by 

demonstrating a preference for a particular electronic textbook environment. 

Rationale 

Snow and Jackson (1997) reasoned that leaming theories are incomplete if there 

do not address "a whole person v iew" that integrates cognitive, conatixe. and affective 

aspects, The\ suggested that ps> chological constructs reflecting motivational and 

volitional aspects of learner behav ior are potentially the most useful in developing 

instructional designs. For this study. Snow and Jackson's schematic typology models the 

relationships between conative. affecti\e and cognifive domains (Figure 1,1). 

AFFECTION 

Temperament 

Emotion 

Attitudes 

CONATION 

Motivation Volition 

COGNITION 

Conceptual 
Kjiowledae 

Procedural 
Skill 

Figure 1.1. Tvpology of Conative Constructs in Relation to Affecfive and Cogmtive 

Domains. 

Source: Adapted from Snow & Jackson. "Individual differences in conation: selected 
constmcts and measures." 1997. 

One theoretical basis for this study was Bandura's social leaming theory w ith 

respect to self-efficacy beliefs (Bandura. 1977: Bandura. 1997). Several studies have 

demonstrated strong, positive correlation for an individual's self-efficacy beliefs and the 

individual's mofivafion and performance in academic setfings (e.g.. Bandura, 1997: 

Multon. Brown. & Lent. 1991; Pajares. 1996). Part of this study was a comparison of 



leamer self-efficacy belief with the affect (attitudinal) constmcts. Attitude refers to both 

general and lasting positive or negative feelings about some person, objects or issue 

(Petty & Cacioppo. 1981). Leamer attitudes toward a specific form of a mediated 

en\ ironment may or mav not yield the same indicators as leamer self-efficacy. Research 

suggests that the two constructs are not the same, although the} may overlap in some 

instances (Brehm & Kassin. 1998), 

This stud} applied the Intentional Leaming Theory (ILT) and Leaming 

Orientafion Model (LOM) introduced by Martinez (1999) to an electronic textbook 

en\ ironment. The Intentional Leaming Theory, attempts to capture and classify aspects 

of human leaming that are be}ond conventional cognitive constructs, and to explain and 

predict leamer perfomiance as influenced b\ designs for on-line instruction. Martinez 

and Bunderson (2000) summarized the intent of the theory: 

The Intentional Leaming Theory hypothesizes that understanding the 
depth of an indiv idual's fundamental emotions and intentions about 
why. when, and how to use leaming and how it can accomplish 
personal goals or change events is fundamental to understanding how 
successfully the individual leams. interacts with an environment, 
commits to leaming. performs, and experiences leaming and change, 
(p. 168) 

The ILT is constructed on the precept that leaming is intentional. Successful leamers 

have identifiable characteristics, such as a strong self-efficacy belief regarding their 

abilit} to reach a leaming goal, and exhibit self-regulated behaviors such as motivation 

and management of the leaming process (Zimmerman. 2000). Martinez and Bunderson 

(2000) developed a measurable set of ps} chological variables that focused on an 

indiv idual's orientation to leam, Conative. cognitive, social, and affective factors are 

considered as sources of individual leaming differences. The Leaming Orientation 

Questionnaire is the instrument de\ eloped for evaluating leaming orientations. One goal 

of the theor} is to facilitate instmctional designs that synergistically incorporate an 

individual leamer"s affective, conative and cognitive factors. An instructional design 

based on the input from an indiv idual leamer is used to create an intentional leaming 

environment. Learners are situated along a continuum that is partitioned into the 



categories of the Leaming Orientation Model. These categories of leaming orientation 

t}pes arc labeled Transforming. Performing. Conforming, and Resistant. These leaming 

orientations are described in the Table 1.1, 

Table 1.1. Description of Leaming Orientations. 

Leaming 
Orientation Description 

Resistant 
Leamer 

Resistant leamers lack a fundamental belief that academic 
leaming and achicv ement can help them achieve personal goals 
or initiate posifive change. 

Conforming 
Leamer 

Confom-iing leamers are less successful on-line leamers since 
the} prefer highh structured leaming environments. 

PerforminL 
Leamer 

Performing leamers are sophisticated students who are typical!} 
self-motivated and self-directed onh in areas that the} v alue. 
Otherwise, the} reh on extemal support, e.g.. instructors. 

Transforming Transforming leamers are likely successful on-line leamers with 
Leamer sophisticated online leaming skills. They are highly self-

motivated, self-directed, self-assessed and independent. 

Source: Excerpted from Martinez & Bunderson. "Building interactive World Wide Web 
(Web) leaming en\ ironments to match and support individual leaming 
differences." 2000. 



Research Questions 

Questions specific to this study were: 

1. Do leaming orientations correlate with leamer attitudes, enroute task 

performance, and post-treatment achievement with leamers participating in 

instruction using different electronic textbook design interfaces? 

2. What are the effects of electronic textbook interface design on learner aftitudes. 

enroute task performance, and post-treatment achiev ement on leamers 

participating in electronic textbook instruction? 

3. Do self-efficac} beliefs con-elate with leamer attitudes, enroute task performance, 

and post-treatment achievement with leamers participating in instmction using 

difference electronic textbook design interfaces? 

4. Are there other factors, such as gender, interacting w ith leaming orientation, self-

efficac} beliefs, and interface design that affect leamer attitudes, enroute task 

performance, and post-treatment achiev ement? 

Hypotheses 

The following null hypotheses are derivafive of the research questions. 

Hoi: There is no significant difference with respect to different leaming 

orientations on the attitudes of leamers participating in instruction using different 

electronic textbook design interfaces. 

H02: There is no significant difference with respect to different leaming 

orientations on enroute task performance and post-treatment achievement of leamers 

using different electronic textbook design interfaces. 

H03: There is no significant difference in attitudes of leamers participating in 

instmction using as specific electronic textbook design interface. 

H04: There is no significant difference in enroute task performance and post-

treatment achievement of leamers participating in instruction using as specific electronic 

textbook design interface. 



Hos: There is no significant difference with respect to leamer self-efficacy beliefs 

on attitude using different electronic textbook design interfaces. 

Ho„: There is no significant difference with respect to leamer self-efficacy beliefs 

on enroute task perfoiTnance and post-treatment achievement using different electronic 

textbook design interfaces. 

Ho-: There is no significant interaction between electronic textbook interface 

design, self-efficac} beliefs, gender, and leaming orientations effecting leamer attitudes, 

enroute task perfonnance. and post-treatment achievement. 

Limitations and Constraints of the Study 

Sampling methods should in\ olve a defined population from which a sample is 

randomly selected. When the researcher selects samples on the basis of suitability to the 

study or because it is convenient, the process is convenience sampling (Gall. Borg. & 

Gall. 1996). The population selected for this study was composed of students enrolled in 

Introduction to Computers and Technology at a southwestem university. The sample 

obtained was a convenience sample with individuals randomly assigned to the treatment 

groups. 

A possibl} significant limitation of the study is its stafistical power based on the 

sample size. The study's sample size was a direct result of time and resources available 

for conducting the stud}. vv hich restricted using a larger sample size, or repeating the 

study with additional participants. 

Related to factors limiting sample size is the issue of instrument reliability and 

validity. The Electronic Textbook Self-Efficacy Scale (ETSES) instmment is an 

adaptation of a published instrument, as is the Electronic Textbook Attitude Measure 

(ETAM). Both the ETSES and ETAM instruments were piloted, however only intemal 

validity and reliability for the ETSES was determined prior to the data collection phase. 

A problem associated with Likert-type scales used for these instruments (ETSES 

and ETAM) is the assumption that participants consider all options provided and select 



the most appropriate. Studies have shown that students with low motivation tend to 

choose the first option that is acceptable (Weng & Cheng. 2000). 

Short duration treatments have an advantage of controlling extraneous variables 

that might affect outcomes. However, the brief exposure to the treatment (15 minutes) 

mitigates the possibilit} of detemiining effects associated with longer-term memory and 

recall. 

Nov elt} effects resulting from the user's interest in hardware or software utilized 

in a particular computer-mediated instruction may confound studies, particularly when 

college students are participants (Clark. 1985). It should be noted that Clark's novelty 

hypothesis has been challenged as not being substanfially significant (Kulik, Kulik. & 

Bangert-Drow ns. 1985). Kulik et al. (1985) also suggested that if novelt} effects were 

problematic, long-term studies would minimize confounding. The novelty effect must be 

considered due to the short treatment period of this study. 

Another factor to consider in evaluating attitudes of users of the two interface 

designs is Congmit} theor} (Tannenbaum. 1966). The theor} h}potheses that self-

reported attitudes tend to conv erge. Conv ersel}. when two concepts are dissociated, 

attitudes tend to diverge. This theory may be applicable to the ETAM attitude measure, 

and particularly the semantic differential section where two antonyms are compared. 

Pilot testing of the ETAM was not sufficient to make a decision regarding this potential 

bias. 

Finall}. researchers often criticize relationship studies that focus on leamer 

behaviors because of the difficulty in breaking down complex behaviors into simpler 

constmcts (Gall. Borg. & Gall. 1996). There existed the potential that students would not 

discriminate between the constmcts being measured, for example, self-efficacy can be 

strongl} influenced by aspects of the research design. In one recent study no significant 

difference between self-efficac} and attitude measures in a computer mediated 

en\ ironment led researchers to suggest that these measures were not distinctive!} 

different (Reinhart & Schneider. 2001). 



Glossary 

This stud} incorporates the following terms. 

Aflect relates to how emotions influence leaming. Martinez and Bunderson 

(2000) lists emotions such as "passion, frustration, satisfaction, distress, joy. fulfillment, 

giatitude. comfort, arrogance, or disinterest." 

Attitude refers to both general and lasting positive or negative feelings about 

some person, objects or issue (Petty & Cacioppo. 1981). 

Cognition describes the metal processes of how we know or acquire knowledge. 

Conation is defined b} Martinez and Bunderson (2000) as aspects of mental 

processes representing a force or drive toward action such as "intent, inclination, 

determination, deliberateness. resolve, drive, desire, will, or striving" (p. 165). 

Constmctivist theory of leaming that assumes knowledge does not exist 

independent of the leamer. and that knowledge is constmcted. Constructivism can be 

viewed the polar opposite of Objectivism along a continuum (Vrasidas, 2000). 

Electronic textbook (e-textbook) is a digital, hypermedia environment that meets 

the four criteria suggested by Homey and Anderson-lnman (1999): (1) electronic text 

must be presented to the reader v isually: (2) software must incorporate a "metaphor of a 

book" to some significant degree: (3) software has an organizing theme or instmctional 

focus; and (4) if other media are incorporated in the electronic book, they are secondar} 

to the text. 

E-paper is an example of developing technology w ith potential application in the 

field of electronic text, and a technology that is invested in the semiotics of the printed 

"book."' It consists of a thin layer of transparent plastic that is electrically writable and 

erasable, can be re-used, doesn't require backlighting, and operates on low power. 

Flow is an extreme form of intrinsic motivation. Flow is characterized as a state 

in which the leamer is complete!} absorbed, focused, concentrated on a challenging 

activity to the degree that the leamer looses track of time, and to the exclusion of 

awareness of other tasks. 



Graphical User Interface (GUI) is a software interface that allows the user to 

interacting w ith the program. 

Human Computer Interaction (HCI) is concemed w ith human factors, design, 

evaluation and implementation of interactive computing systems. 

Hypermedia is an extension of hypertext that supports linking of media elements 

such as audio, animation, and \ ideo files. 

Hypertext is a database system where objects (text, pictures, etc.) are linked. 

Links are identifiable and activated b} the user. 

Iconic metaphor conve} s meaning through similarity to perceptible aspects of its 

real model. 

Information communication technology (ICT) refers to a range of digital 

technologies, data t} pes. and their associated distributive technologies. 

Instructional design and technology is a field encompassing "the analysis of 

leaming and performance problems, and the design, development, implementation, 

evaluation and management of instructional and non-instructional processes and 

resources intended to improve leaming and performance in a variet} of settings" (Reiser. 

2001), Practice of the field is focused on media use for instructional purposes and the 

systematic use of instructional design procedures. 

Intentional Leaming Theory h} pothesizes that an indiv idual's emotions and 

intentions about why. when, and how to use leaming as well as how these factors can 

accomplish personal goals or change ev ents are both related to how the individual leams 

(Martinez & Bunderson. 2000). 

Ipsative scaling is a method of assessing scale values that uses the individual's 

behav ior characteristic as the standard for comparison. 

Leaming Orientation Model (LOM) is derivative of the Intentional Leaming 

Theory and identifies leamers according to leaming orientations rather than leaming 

stv les. LOM classifies leamers into four categories resistant leamer. conforming leamer. 

performing leamer. and transforming leamer (Martinez & Bunderson. 2000). 
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Mathetic is a tenn proposed b} Sc} mour Papert (1996) to describe leaming 

designs, as opposed to instructional (or pedagogical) designs, and is understood within 

the tenets of constmctivist thought, 

Metacognition includes individual skills such as being aware of one's own 

leaming and what leaming strategies are effective. 

Metaphor is a mental model communicated through words, images, and sound, 

and including data structures (see iconic metaphor), 

Preferabilitv refers to three criteria for ev aluating instructional designs, models, or 

theories: effectiveness, efficiency, and appeal, and which significantl} impact stakeholder 

preference for instmcfion (Reigeluth. 1999). 

Self-efficacv encompasses beliefs by an individual in his or her capabilities to 

organize and execute a course or courses of action that will result in achievement of an 

intrinsic goal or objective (Bandura. 1997). 

Self-regulation is the ability of leamers to "draw on a reliable knowledge base, 

use their cognitiv e skills efficientl} to ferret out relev ant information, construct options, 

and text and rev ise their strategic knowledge based on the results of their decisions." 

(Bandura. 1997. p. 225) 

Stakeholders are teachers, leamers. as well as, textbook publishers, authors, 

school administrators and book adoption committees. 

LIsabilitv is concemed with how effectiveh and efficiently a computer system is 

used b} people to perform specific tasks. 

Validity is the extent to which a test measures the construct or criterion that it 

purports to measure. 

Web-based instmction (WBl) refers to instruction conducted in a computer-

Intemet mediate environment. 

Chapter Summary 

Textbooks are an important component of most educational designs. Although 

the use electronic textbooks as substitutes for traditional expositor} printed textbooks are 
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still a relatiy el} novel phenomenon, issues remain to be resolved. A major goal was the 

elucidation of factors that motivate the leamer to both use and learn from a ""textbook" in 

digital fomi. 

One focus of this stud} was to provide insight into electronic textbook designs 

that promote increased learner satisfaction. Leamer orientation and self-efficac} beliefs 

have been selected as constructs that affect learner attitudes and performance, as well as 

leamer preference in a variety of digitalh mediated environments. 

With regard to the rationale behind design selection, it was hypothesized that 

leamers who have experience with the Intemet would have a higher self-efficacy and a 

more positive attitude toward using an electronic textbook with an Intemet design 

metaphor. Leamers are also experienced users of printed textbooks. Another question 

was whether leamer affective factors for this form (print medium) are transposed to the 3-

D book design metaphor in an electronic textbook. Both issues are addressed in this 

study, and the potential to provide meaningful direction to further research into leamer-

oriented designs for electronic textbooks was a possible outcome. 

This study extends the applicabilit} of the Leaming Orientation Model to an 

electronic textbook environment, as well as providing insight into possible interaction 

between the Leaming Orientation Model and the conative and affect constructs measured 

in this study. The theoretical bases for this study are Bandura's social leaming theory and 

the Intentional Leaming Theory proposed b} Martinez and Bunderson. 
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CHAPTER II 

LITERATURE REVIEW 

The Corning of the Book: The Impact of Print. 1450-1800 traces the development 

of printed text and its impact on European society. According to the authors, the 

Gutenberg revolution resulted in a paradigm shift in the way knowledge was both 

transmitted and accumulated, which in tum led to the evolution of new knowledge 

(Febv re & Martin. 1958). Along with new knowledge came improved technologies that 

reduced costs of production and allowed wider distribution. Printed text was easier to 

read and cheaper to produce. Multiple copies of printed texts were more reliable 

reproductions than copies painstaking!} produced by monastic scriveners. Printed text 

served as the stimulus for other forms of communication and information technologies 

(Waldvogel. 1999). Waldvogel observed: "Neither newspapers, nor television, 

computers, or v ideos would be conceivable without written texts which can be distributed 

freely and inexpensive!}, If Gutenberg had not invented the moveable type, and if we 

were still to use manuscripts, then we would not have reached the scientific and 

technological levels achieved today" (p. 1). 

Role of the Textbook in Educafion 

Not surprisingly, the invention and development of printed text transformed 

education. Lesgold (2000) reviewed the impact of the book on this institution's 

ev olution. During the Middle Ages rare and expensive bound codices were read to 

groups of students. The "reader" or "lecturer" communicated the contents of the book. 

Students had to memorize what they heard. Later, with the invention of moveable type 

and the printing press, a revolution in leaming took place that facilitated the 

institutionalization of education. Centers of learning arose where expertise was available 

to the student and teacher within the pages of the textbook. Now it was possible for the 

leamer to draw his own conclusions and make his own applications. McClintock (1992) 
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identified several major pedagogical transitions that took place as the result of printed 

text: 

• Presentation of social and cultural values and norms through designed textbooks 

and printed resources; 

• Developmental progress of instructional methods that focused on the leamer's 

possession of a textbook; 

Uniformity of content leading to the development of techniques to manipulate 

leamer behav ior such as competition and normative examples; 

Development of a s}stem where leamers can be grouped b} age. and meet at one 

location for instruction, and for a fixed period of fime; 

Development of institutions to train teachers; and 

Development of public policies to sustain the education infrastructure. 

McClintock sees the expositor} textbook has having been instrumental in the stability of 

the modem educational system. He prov ides the following assessment: 

For five hundred }ears. educators perfected, expanded, and 
developed the basic components of the educational system 
introduced earh in the era of print, in due course creating modem 
systems of universal, compulsory schooling. As the degree of 
elaboration and penetration of the s} stem into societ} changed, the 
specifics justifying the effort evolved to sta} s}nchronized with 
cultural transformations. The main features remained stable, 
however. The design of the classroom and the organization of the 
school day. the motivational strategies employed, the scope and 
sequence of textbooks, the definition of good teaching practice, and 
the rationales for public support remained ver} stable. The reason 
for the underlying stability was rather simple: throughout it all. the 
character and limitations of printed textbooks remained substantially 
fixed—the ke}'stone of the system, (p. 1) 

Chamblis and Cal fee (1998) highlighted the importance of printed textbooks in the 

American education experience: 

a. Textbooks provide 75-90% (their estimate) of instructional content and 

instmctional activities; 



b. A significant number of teachers lack comprehensive subject matter expertise, 

and textbooks often serv e as subject matter authority; 

c. Many teachers do not have time to design their OWTI curricula, therefore, 

textbooks are bundled with supplemental materials; and 

d. Textbooks in the United States have become the surrogate for a national 

curriculum. 

Problems wjth Textbooks 

Duchastel (1988) suggested that information mediated with an expository printed 

textbook should lead to several desired learning outcomes: (1) a leamer should develop 

an appropriate comprehension or representation of the subject domain; (2) a leamer 

should remember and apply specifics presented in the textbook; and (3) the textbook 

must sustain the leamer s attention and interest. Problems with textbooks, he reasoned, 

can be traced to "inadequacies in some of these functions" (p, 60). 

Answering the question "What's wrong with our textbooks?" Chambliss and 

Calfee (1998) identified several problem areas, focusing on design issues for printed 

textbooks: 

1. Pictures, color graphics, and charts attract the eye. but are often unrelated to the 

text, being more decorative than instructive: 

2. Boxed vignettes that are "tacked on" to provide additional information can also 

disrupt the flow of the text; 

3. Margin notes, definitions, and questions can create distracting "busy-ness;" and 

4. Separate "skills" sections are often disconnected from any real purpose or 

authentic task. 

Regarding the use of graphics and color in textbooks. Gilbert Sewall (1992) of the 

American Textbook Council sees a conflict between textbook publishers' market-driven 

designs and an instructional design process, "... in the place of strongly written text, 

textbooks hav c substituted a nervous, fragmented, kaleidoscope, multivalent leaming tool 

that seems designed really for non-readers" (p, 28), Duchastel (1988) related potenfial 



textbook problems to the inhibition of leaming functions. His schema is reproduced in 

the Table 2.1. 

Table 2.1. Potenfial Textbook Problems. 

FLTNCTIONAL AREA PROBLEMS 
.\ttention/interest 

Local comprehension: Examples are 
problems with not understanding a 
sentence or not recalling the meaning of 
a key temi. 

Global comprehension: Problems that 
relate to an inability to consolidate all 
aspects of a topic into a meaningful 
model 

Retention 

Too much to read 
Too abstract 

Too abstract 
Poorly explained 

Too much to read 
Undifferentiated text (at the 
extreme - plain text) 

Too much to read 
Passive reader engagement with 
the text 

Source: Adapted from Duchastel. "Displa}' and interaction features of instructional texts 
and computers." 1988. 

Digital Technologies and the N-Generation 

The expository textbook has had. and continues to have, a central role in 

education. However, the information explosion and the transfomiation of digital media 

are redefining both books and textbooks (Bolter. 2001: Douglas. 2000; Joyce, 1995: 

Laspina. 1998). Solomon (2000) suggested that the phrase "post-modem condifion" 

refers to the milieu of change exisfing today. 

Are textbooks the best medium for the transmission of knowledge when 

infonnation is increasing exponentialh and significantl} changing within the publishing 

cycle of a textbook (typically 16 to 24 months from author to market)'? Publishers. 
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authors, and other stakeholders, in attempting to address topics that appeal to a broad 

audience, have giv en rise to textbooks that lack depth, and where important ideas and 

concepts are given shallow treatment (Tyson-Bemstein. 1988). As an example, the 

National Science Education Standards and the Benchmarks for Science Literacy are two 

standards used to identity problems vv ith modem science texts. A recent report concludes 

that science textbooks are poorly focused and are a significant contributor to poor student 

perfomiance (Press Release. 2001). Science textbooks exemplify the problems that occur 

when attempting to present too much information impacts leamer cognitive resources and 

time (Duchastel. 1999), 

The information explosion and enc}clopedic nature of textbooks is only part of 

the problem. The audience has changed. Tom Siegfried (2000). science editor for The 

Dallas Moming News, attempted to frame this problem when Siegfried wrote: 

Ask most kids what they think of their science textbook, and they 
will refer }ou to the chapter on vacuum pumps. After all, it's the 
}ear of multimedia. MTV and MP3. Kids hate to read, unless it's 
about Han-} Potter. Science books are for Muggles mired in the 
Gutenberg galax}. Of course, even if toda}'s students wanted to read 
their science textbook, the} wouldn't find it ver} rewarding. Today's 
textbooks overwhelm students with data and diagrams, vocabulary 
and verbosit}. It's not education, its test preparation-information 
overload at the expense of important data. 

Siegfried is referring to the "kids" of the N-GEN or "Net Generafion" (Tapscott. 1998). 

In the introduction to Growing Up Digital Tapscott introduces his concept of a generation 

of youth that are not just comfortable with the digital "world." but who are shaping its 

borders and boundaries: 

For the first time in history, children are more comfortable, 
knowledgeable, and literate than their parents about an innovation 
central to society. And it is through the use of the digital media that 
the N-Generation will develop and superimpose its culture on the rest 
of societ}, Boomers stand back. Ahead} these kids are leaming. 
pla}ing. "communicating, working and creating communities ver} 
differently than their parents. They are a force for social 
transformation, (p. 2) 
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Digital technologies have created the environments of computer-assisted 

instruction, digital games, v irtual realit}. digital audio, digital v ideo. and have energized 

distributiv c networks such as the Intemet (e-mail. FTP. and the World Wide Web) that 

are accessible through phone lines, wireless communication technologies, fiber optic 

cables, and satellites. These informafion communication technologies (ICTs) are rapidly 

moving to home PCs and famih entertaimiient centers faster than these technologies are 

being introduced to the classroom. Computers and the Intemet have become part of 

American culture. A Nation Online: How Americans Are Expanding Their Use of the 

Intemet reported census data that showed that as of September 2001 143 million 

Americans (or 54 percent of the population) were using the Intemet. and were adopting 

computer technologies at a rate of 2 million per month (Victory & Cooper. 2002). 

Significantl}. the report also stated that 90 percent (47.4 million) of children between the 

ages of 5 and 17 use computers, either at home or at school. 

Mutter (2001). reporting on the intemational 2001 Frankfurt Publishing 

Conference, stated that both electronic publishing (i.e.. the pre-press use of digital media 

in book publishing) and the electronic display of text (e.g.. e-books and e-textbooks) 

continue to grow. The consensus opinion provided by the publishers present was that 

} outh are both adept and adapted to electronic media, and the} have more sophisticated 

expectations of it. From the textbook publishing perspective, user expectation strongh 

suggests that future digital forms will have to be something more than a simple 

transference of text on paper to text on a computer screen. 

How digital technologies will influence instructional-design theories, 

instructional-design processes and affect the development of textbooks will increasing!} 

become an important issue for educators bound to conventional methods of instruction. 

Although these issues are beyond the scope of this current research, the} serve to remind 

that digital technologies are impacting educational designs in the present and near future 

in wa}s that are substantia!!} different from how teachers and instructional designers 

were themselves taught (Langer. 1997). 



Digital Books: A Paradigm Shift. 

The textbook publishing executives silently take their places around 
the large conference table. Expectantly they watch the corporate 
CEO rise to address the gathering. He points to an electronic dev ice 
alongside a textbook in the middle of the table. Solemn!} he quotes 
the priest Frollo from Hugo's Notre-Dame de Paris. "Ceci tuera cela" 
("This will destroy that"). 

A news release from the 26' Congress of the International Publishers Association 

(Cabala. 2000) cited the ke}'note address by Roger Chartier. former chairman of the 

Science Council of the Librar} of France. Chartier offered his perspecfive that society is 

in a "third revolution" of the book. The first revolution occurred when bound codices 

replaced papyrus and \elum scrolls. The second rev olution was precipitated in 1457 

when Johann Gutenberg invented an efficient movable-type printing press. The third 

revolution is the development of electronic text. According to Chartier, 

It is the very notion of the 'book' that is being challenged by the new 
technology. We are witnessing, first a revolution in the way of writing: 
second, a revolution in the supporting media; and third, a revolution in 
the way of reading, (p. 1) 

Chartier noted that this is the first time in historv' in which all three revolutions converge. 

Bolter (2001) refers to the "late stage of print." He sees this stage of print as one 

where print is still popular, but is being challenged from digital media in a way that is re

defining the printed book. Some futurists see the electronic book (of the 21' ' century) as 

large!} replacing print. The following is a sampling of digital technologies that have 

some prognosticators believing that electronic books will be favored over printed texts: 

Pictures that move and interact with the user; increasingly intelligent search paradigms; 

and virtual reality and simulated en\ ironments that users can explore (Bolter, 2001). 

Other possibilities include the development of electronic leaming environments where a 

student, as v irtual presence, can experience the senses of sight, hearing, touch, and 

perhaps, smell and taste (Tiffin & Rajasingham. 1995). 

Many educators do not see the book going the way of cuneiform tablets, however. 

Duchastel (1999) seemed to capture the reflection of a majority of educationists. Using 
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the temi ""documents" to describe bounded, designed infomiation artifacts, he makes the 

follow predicfion: 

Documents of course will always exist as integrated packages of 
infomiation for use by readers, listener, and viewers. The novel 
(irrespective of tts medium of print, audiobook. of film) is perhaps a 
good prototype in this respect: a bounded story that coheres together for 
the enjoyment or edification of the user, ,..But documents of this kind 
may well become a minority in the infosphere. ...Doom of the 
document? Unlikely; more like!} placement of the document with a 
wider range of information t} pes. Just as TV did not displace radio or 
film, but rather slotted them in specific contexts, so too. new forms of 
information presentation will slot the document in a more restricted 
context. How that role for the document will evolve remains an 
exciting venture to watch, (p. 3) 

Thomas Edison is purported to hav c said, ""1 believe that the motion picture is destined to 

revolutionize our education s}stem and that in a few years it will supplant large!}, if not 

entirely, the use of textbooks" (Laspina. 1998). One reason that this statement is so often 

quoted is that it was so wrong, and serves as a reminder for instmctional designers that 

work of developing mediated leaming env ironments is more than embracing new 

technologies. 

However, unlike movies and television through most of the 20' Century, digital 

media allow leamer interactiv ity. Figure 2.1 is a modified presentation of ""The Matrix" 

developed by Jonathan Steuer and later adapted b} Laspina (1998). Interactivit} is 

defined as the extent to which users can. in real time, participate in modifying the form 

and content of a mediated environment. From this perspective of interactivity, a printed 

textbook is not considered interactive, although a leamer can read interacfively b} 

moving from page to page or section to section (Laspina. 1998). 
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HIGH 

LOW INTERACTIVITY HIGH 

Figure 2.1. Interactivity and Vividness (Dimensionalit}) of Digital Environments 

Source: Adapted from Laspina. The visual tum and the transfomiation of the textbook. 
1998. 

Using the traditional expository textbook as referent for vividness (2-D to 3-D) 

and interactiv it}. other media are positioned on the chart. In this representation the 

digital environment meeting the highest criteria for v i\ idness and interactivity is the 

fictional Star Trek Holodeck. Slightly back along the trajectory is virtual reality (VR) 

environments (including VR simulations and microworlds). Along the trajectory (arrow) 

one can v isualize a trend for developing new media (and designs) for mediated 

instmction. The impact of digital technologies on the transformation of the ""textbook" is 

presented in Table 2.2. 
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Table 2.2. Evolution of the Expository Textbook through Digital Technologies. 

Expositor} printed textbook 

Digitized textbook 

Electronic textbook 

Adaptive electronic textbook 

Intelligent tutoring svsteni (ITS) 

\ irtual Realitv (VR) 

Design oflhe Iraditional texlbook is iLiiear and hierarchal The textbook can 
be pan of a "curriculum" package that includes instructional aids lor both 
teacher and student, which are available iii printed lonii, on CD-R0,M or 
nVD. or through links to Web sites that support the tcMbook 

.V linear, hierarchal textbook that is digitized (tor example, as HI ML or 
PDF niesland mediated through the WWW orCD-R( >Ms (lechnicalK. 
storage devices that are mediated \ia computers) Hxpertexl. it used, rs 
primariK for indexing and glossan. functions 

Vn electronic textbook is a digital textbook that incorporates hypennedia. 
but siill meets the four criteria suggested by Homey and Anderson-lnman 
(1W5) (1) electronic text must be presented to the reader visually. (2) 
software mu t̂ incorporate a "metaphor of a book" to some significant 
degree. (3) software has an organi/ing theme or instructional focus, and (4) 
if other media are incorporated in the electronic book, they are secondarv to 
the text 

.Adaptivity is one way to increase the functionality of hypermedia A digital 
textbook in the form of a unilicd document database that can dynamically 
modilS Its content adjusting to address a particular users knowledge or the 
context of delner\ Adaptivily can be accomplished by adapti\e navigation 
support modifying the presentation within an existing hypertext network of 
documents or through dynamic hypertext employing techniques to 
d\namicall\ create both the hypertext network and the documents within the 
netuork as the user requests them (Brusilovsky & Ekiund. I'WS. 
Brusilo\sk\. KobsaA Vassileva, 1W8). 

An extension of the adaptnc electronic textbook ITS designs simulate the 
interaction between a student and teacher in a one-on-one setting ITS 
models goals, preferences, and knowledge of the individual user In 
adaptive presentations the hypennedia content is generated based on a user's 
background and knov\ledge state Advanced users receive more detailed, 
deep information while no\ ices receive guidance m a more structured 
environment (Maushak. Chen. Vlanin. Shaw. & Unfred. 2ll(Jl. Shaw. 1999) 

Virtual reality (VR) technologv is a cognitive tool that enhances leamer 
visualization and orientation to problems h\ establishing adynamic 
relationship between the leamer and complex 3-D obiects and euMronments 
I Mohler. 2000). VR learning spaces can be enhance by engaging additional 
sen^es such as auditory cues and intelligent agent personae dialog, tactile 
response (VR gloves, robotics), and sense of smell (Tiffin & Rajasingham. 
1045) 

Referring to digital possibilities in the evolution of the expositor} textbook into 

another form of mediated instmcfion. Ahem (2002) cautions: 

(In) conceptualizing the notion of the book...the true notion is the static 
nature of text in contrast to the dynamic nature of conversation. So we 
in fact may have a new concept that has the immediac} of conversation 
with some of the permanence of the book. (But) in reality do we really 
want to be able to change Plato's words or adapt the writings of 
Shakespeare? Where do we draw the line in the face of dynamic 
interaction? (p. 3). 



Laspina (1998) seemed to reflect this concem that the conceptualized idea of the 

expository textbook not be lost in a rush to mediated, interactive instructional designs: 

... rather than saying that books are more or less interactive, a more 
fruitful frame of comparison is to ask what kind of interactivit} the 
fomi of each inspires. Rightfully, we should not expect a CD-ROM to 
do what a book can. and vice versa. What is more important is 
understanding what each does best as a medium, or does differenth. 
such that respective characteristics and qualities of each can be seen to 
suit different kinds of leaming and objectives, (p. 197) 

Construcfivism and Electronic Textbooks 

However the concept of the expositor}' textbook evolves in the 21^' Century, 

electronic textbooks have the potential to develop and implement digital leaming 

environments that fit well with constmctivist models. Constructivism as a theor} of 

leaming asserts that meaning is constructed by indiv iduals through experience. Se} mour 

Papert (1996) coined the term niathetic (derived from the Greek mathmatikos meaning 

"disposed to leam") to describe leaming designs, as opposed to instructional (or 

pedagogical) designs, that are also understood within the tenets of constmctivist thought. 

Duff} and Cunningham (1996) listed seven ""metaphors we teach by" as fundamental to 

instrucfional (and mathetic) designs based on Constructivism: 

1. All knowledge is constructed, and all leaming is a process of construcfion; 

2. Since many vvorldview s are possible, multiple perspectiv es are possible; 

3. Knowledge is context dependent: therefore, leaming should occur in authentic 

contexts: 

4. Leaming is mediated by tools and signs; 

5. Leaming is a social-dialogical activity; 

6. Leamers are part of a community of leaming. i.e.. distributed, muhi-dimensional 

participants in a sociocultural process; and 

7. Leaming is metacognitive. 



It is recognized that curriculum designs based on combinations of these principles 

in differing degrees are attempted by textbook authors and publishers. A tacit 

assumption is that an electronicall} augmented textbook (CD-ROM, Worid Wide Web or 

both) provides an enriched leaming environment by improving learner control (access of 

supplementary knowledge and instruction) and collaborative opportunities (electronic 

bulletin boards and listservs as examples). The bundling of supplemental electronic 

materials with printed textbooks also prov ides the publisher with more marketable 

features. The largest publisher for curriculum materials in the United States. McGraw-

Hill, makes the follow ing claim on their Web site: "Through online leaming and 

multimedia tools, students of all ages, teachers and professionals are engaged and 

stimulated b} McGraw-Hill education woridwide" (http://www.mcCTawhill.com). 

Although this statement is clearly intended as marketing copy, it also has pedagogical and 

mathetic implications. One purpose of textbook augmentation with digital media from 

the publishing perspective is to protect the print product, market share, and revenue flow. 

One can speculate to what extent business plans and the marketing textbooks with their 

bundled electronic media and/or Web support hinders the development of electronic 

textbooks in both instructional and mathetic designs. The opportunities and threats of 

electronic textbooks impact the value chain of the publishing industry (Lynch. 2001). 

Opportunities from electronic books and textbooks arise from expanding ""display space" 

through virtual bookstores, publishing a greater diversity of books, and keeping books in 

print longer. Threats include issues of digital rights management, disruption of 

established publisher-book seller distributive channels, the need to identify the customer 

base, the rise of self-publishing (also called vanity publishing) by textbook authors, and 

losing control of established markets. 

Advantages and Disadvantages of Electronic Textbooks. 

Several advantages for electronic textbooks over printed texts have been put 

forward. Advantages for using multimedia in electronic textbooks include the ability to 

present concepts that are more abstract or multi-dimensional in nature (Misanchuk. 
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Schwier. & Boling. 2000). Electronic textbooks are compact and portable allowing a 

small librai-} on one CD-ROM (McKenzie. 2000). Digital text in the fomi of a 

searchable database allow s the reader to access, compare, and contrast different ideas 

fi-om a variety of sources through hyperlinks. Digital text can be easily copied and 

incorporated into other documents circumventing laborious note taking. Unfortunately, 

this convenience has also led to an increased incidence of plagiarism (McKenzie. 2000). 

From an author's perspective, electronic textbooks provide advantages of scholar-

controlled publishing, which implies author control of both content and presentation 

(Odlyzko. 1997). Print publishers make product design decisions from a variety of 

inputs. The publisher focusing on production costs and marketing trends will make 

decisions that affect the number of pages, use of color, or illustrations. Relafive to print 

media, production costs are negligible for electronic textbooks allowing design decisions 

to be made on the basis of an instructional-design model instead of a business plan 

(Odh zko. 1997). Because electronic textbook production costs are negligible compared 

to print media, they are easier to revise, thereb} improving the currency of the 

information presented (Borgman. 2000), 

An often mentioned disadvantage of digital, hypermedia leaming environments 

(such as possible with an electronic textbook) is that they influence leaming is ways not 

well understood (Reigeluth. 1999; Rouet. Levonen. Dillon. & Spiro. 1996). Digitally 

mediated environments can add to a leamer frustration and anxiety. Many of the design 

issues that fuel the debate among textbook designers and publishers on the role of 

graphics in print textbook designs takes on an added dimension with electronic textbooks 

because of the cognitive load and disorientation possible in hypertext and hypermedia 

environments (Chambliss and Calfee. 1998; Marchionini. 1988; Wright. 1991). 

One other caution regarding new mediated technologies (including electronic 

textbooks) and their incorporation into educational settings should be noted. Lajoie 

(2000) looked at the relationship of technology and education, and asks the pertinent 

question "... are these changes in educational use [of digital technologies] driven by 

leaming and instructional theories, or do technological advances drive them?" (p. xvii). 
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Another implication of Lajoie concerns is that new technologies are being introduced 

before educators and instructional designers hav e leamed how to effectively use existing 

technologies. 

Leamer Behavior and Hvpertext/Hvpermedia Environments 

The idea of a navigable network is usuall} traced back to the v ision of Vannevar 

Bush (1945). Bush envisioned a technology, "a machine of logic." that could select, 

retriev e. arrange, and manipulate ideas in a wa}- that would define new relationships 

betw een the leamer and information. The term hypertext is attributed to the imagination 

of Ted Nelson (.A.ltun. 2000). Hypertext systems have been considered analogous to 

human cognitiv e processes in the organization of infonnation as a semantic network 

making associations through linkages. Hypemiedia systems are an extension of hypertext 

incorporafing media (e.g.. audio and v ideo) in addifion to the user interactivity that is 

characteristic of hypertext. Hypertext/hypermedia systems are unique from printed text. 

These systems allow the leamer to access information in a non-linear manner. In this 

environment information is organized as a network of nodes ("chunks" of text and non

textual information) and "hot" words, phrases, or graphics that link to other information 

nodes. Application of the cognifion analogy has lead to instructional designs 

incorporating hypertext to improve leaming outcomes (Kearsle}. 1988). 

Cronbach and Snow (1977) suggested that adaptive leaming in an interactive 

environment could prov ide the goal of individualized instruction. S}'stems can be 

designed that allow the leamer control of navigation through a program of instruction. 

"Intelligent" hypermedia systems that remember a leamer's input and adapt to leamer 

behavior are also being developed (adaptive hypermedia) (Brusilovsky, Kobsa, & 

Vassileva. 1998; Liao. 1999). 

Meta-analyses comparing traditional forms of instmction (lecture and textbooks) 

to instmction delivered by hypermedia systems have produced conflicting conclusions 

(Liao. 1999; Chen, Dwyer. & Chuang. 2001). There is a continuing debate on the value 

of media comparison studies. This "mixed" result has been attributed to deficiencies in 



experimental designs and faulty theoretical assumptions, which are typicall} seen as 

major handicaps in media comparison studies (Clark. 1983). In response to Clark's 

dictum that "...media do not influence learning under any conditions" (p. 445). Kozma 

argued that "...Clark's separation of media from method creates an unnecessary and 

undesirable schism between the two. Medium and method should have a more integral 

relationship. Both are part of the instructional design" (p, 16). 

Research literature on the effect of hypertext on leamer performance is also 

inconclusiv e. Several studies have shown improved performance with hypertext, while 

other studies have shown the opposite, or no significant difference between leaming with 

or without hypertext (Rouet. Levonen. Dillon. & Spiro. 1996), Hypermedia has the 

potential to present certain t}pes of leaming activities in ways that are more 

representative of human associative (schema-based) memory structures (Jonassen, 1988; 

Gibbons & Fairweather. 1998). H}pennedia also has demonstrated the capacit}' to create 

leaming en\ ironments proposed b} constructiv ist models, such as facilitating meaning 

making through leamer interaction with problems in authentic contexts (Land & 

Hannifin. 2000). Other authors have suggested that hypermedia systems that offer 

leamers multiple perspectiv es on the same material will deepen understanding (Spiro, 

Feltovich. Jacobson. & Coulson. 1991: Spiro. & Jehng. 1990), 

Prior Knowledge. Prior Experience, and Novice Users 

The following section surve} s several of the significant issues that are identified 

with leaming in digitalh mediated environments. These issues are also important for 

evaluating designs for leaming with electronic textbooks. 

Problems limiting the use of h} pertext/hypermedia environments are unrestricted 

leamer control of sequencing instruction and leamer inability to meaningfully integrate 

unstmctured information (Jonassen. 1991), Novice leamers are vulnerable to Inpermedia 

environments that represent unrestricted leamer control (Chen & Rada. 1996) with the 

result that leamers become "lost-in-hyperspace" (Park & Hannafin, 1993). Ford and Chen 

(2000) summarized the problem: 



Increasingly, in learning env ironments in which students are expected 
to acquire information through hypemiedia. student's abilit} to 
structure and manage their own navigation is becoming a required skill. 
The open and free browsing nature of hypermedia, while giving 
students the freedom to follow non-sequential (and potentialh 
idiosyncratic) paths through a given body of subject content, at the 
same time places a premium on their ability to effecfively exploit this 
freedom, (p. 282) 

Jonassen and Grabinger (1990) have argued that students do not take advantage of the 

self-controlled environments afforded by digital media. They put forward the position: 

Research has shown consistenth that leamers. when given control over 
instructional variables, do not make the best decisions. Those who 
need the most instructional support (underachievers) frequently select 
the least, and those who need the least (overachievers) frequently select 
the most. Leamers in leamer control treatments have regularly leamed 
less than those in treatments controlled b} the instructor or by an 
adaptive instructional design, (p. 16) 

Shapiro (2000) found that interactive overviews used by novices at the beginning 

of hypertext mediated leaming appeared to be a central factor in determining positive 

leaming outcomes. Schemes that reflect chronological, hierarchical or comparison 

interrelations, and summaries either presented within a h} pertext document or as a pop

up menu could provide leamers. whether expert and nov ice. with navigational support 

(Bastiaens. & Martens. 2000). 

Zhu (1999) argued that many links in a hypertext/hypermedia system are 

arbitraril} designed b} the system's author. Zhu found that when leamers are presented 

with a larger number of links, which they are required to prioritize and filter, leaming 

performance is adversely affected. It was also found that documents requiring the user to 

scroll text across the screen were distracting and diminished learner performance. Zhu 

recommended designs having fewer links in a hypermedia environment, particularly 

when the leaming involved reading comprehension. Zhu also suggested that longer 

.screens of text in which mulfiple concepts and ideas are presented, encoding and 



processing cues (headings, subheadings, and summaries) are fewer and learner 

infomiation processing was slower (for example, locating relevant informafion). 

In one study reported b} Gray (1995). students were asked to draw a 

representation of a hypertext structure that the} had just read. The participants tended to 

reproduce pattems with which they were familiar such as sequences, hierarchies, and 

tables rather than the actual h} pertext structure used. One design recommendation from 

this study was that novice h} pertext readers needed environmental designs that are 

analogous to conventional pattems w ith which they were familiar. 

Prior knowledge influences leaming with h}pertext/hypermedia. Prior knowledge 

(existing schemata) aides the leamer's abilit} to incorporate information presented with 

h}permedia systems (Last, O'Donnell. & Kelly. 2001). Studies have demonstrated that 

low prior knowledge attributes to disorientation and cognitive overload (Anderson & 

Pearson. 1984). 

As prior knowledge of instructional content and of hypermedia system navigation 

increase, leamer satisfaction and performance in the mediated env ironment also increases 

(.Anderson & Pearson. 1984). It has also been suggested that prior knowledge and strong 

self-efficacy beliefs together improve the abilit} of experienced hypertext users develop 

strategies that minimize disorientation (Altun. 2000). 
- c 

Cognitiv e Overload 

Early research focused on the flexibilit} and free association afforded b} 

hypermedia. These attributes, it was reasoned, would enhance leaming and information 

retrieval (Marchionini. 1988). However, research soon indicated that h}permedia could 

also hinder both information retrieval and leaming for some users experiencing 

disorientation and cognitive overioad (Marchionini. 1988: Wright. 1991: Rouet & 

Levonen. 1996). Similarly, cognitive demands are placed on leamers interacting with an 

electronic textbook, which can be deliv ered in both Web-mediated and computer-

mediated forms. 
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Studies focusing on cognitiv e processes and h} permedia designs suggested that 

presentation of infomiation in small chunks reduced cognitive demand and allowed users 

to find infomiation quicker (Madigan et al.. 1995). Research also discovered that 

increasing the number of links in a node can lead to learner disorientation and cognitive 

overload, whereas decreasing the number of links had the reverse effect (Zhu. 1999). 

Reading in Hypertext, Hv permedia Environments 

H}pertext/h}permedia systems require different reading strategies than linear 

print found in a textbook (Dillon. 1996). In electronic textbooks text and graphics are 

similar to illustrated textbooks, but different in that phrases words even graphics can 

function as links to other pages or windows containing additional information. Instead of 

mov ing from the top to bottom of a page, the reader's eye can scan across the page in a 

variet} of pattems. Furthermore, the reader can travel in layers or two dimensions. As 

Bolter (2001) noted: 

.\lthough in a printed book it would be intolerably pedantic to write 
footnotes to footnotes, in the computer we have already come to 
regard this layered writing and reading as natural. Furthermore, the 
second page is not necessarih subordinate to the first. One linked 
phrase may lead the reader to a longer, more elaborate page. All the 
individual pages may be of equal importance in the whole text, 
which becomes a network of interconnected writings, (p. 27) 

Rouet (1992) provided a comparison between features of hypertext environments and 

printed text: 

• The h}pertext user reads information displa}ed on computer screen "pages;" 

• Users progresses through a "document" by going from one page to another; 

• A h} pertext document can provide the equivalent of indexes and tables of content: 

• A hypertext document can display text embedded objects, such as photographs, 

graphics, and tables; and 

• Navigation can be enhanced using hyperiinked "Tabs" as found in training 

manuals. 
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However. h}pertext also has unique features that are significantly different from printed 

text. "Pages" in hypertext can be organized as a network rather than sequentially in 

which the reader can navigate back-and-forth in two dimensions via links rather than one 

page at-a-time linear fashion; and nav igation through a hypertext document can require 

more user-control, rather than progress through the text being predefined by the textbook 

author. 

Reading from a h}pertext document displayed on a screen is a complex cognitive 

activ ity that places demands on both the leamer's capacity to understand content as well 

as abilit} to navigate through the system (Rouet & Levonen. 1996). With printed text 

readers can passiveh follow the organization proposed the author; whereas progression 

in h} pertext requires activ e decision making b} readers. Rouet and Levonen have also 

suggested two additional observations can be drawn from research on reading with 

hypertext: (1) in practice, with respect to the linearity of text, there may not be a 

fundamental difference between reading printed text and reading electronically presented 

text; and (2) readers can benefit from moderate degrees on nonlinearit} (e.g.. online 

definitions and adv anced organizers). 

Spatial Ability in Hvpertext/Hvpermedia 

Chen and Rada (1996) conducted a meta-analysis of hypertext literature. They 

found studies that reported a correlation between high spatial abilit} (the capacity to 

perceive, represent, and mentalh manipulate representations) and the ability of users to 

efficiently navigate the h}pertext env ironment. Users demonstrating low spatial abilit} 

were aided b} advance organizers (graphical or metaphorical) representations. Chen and 

Rada reasoned that"".., based on the s} nthesized findings, spatial ability influences the 

processes of interaction with hypertext more directh than individual differences such as 

cognifive styles, field dependency, or leaming styles" (p. 147), 



Metacognition and Hypermedia/Hypertext 

Metacognitiv e skills relate to an individual's knowledge of his or her own 

leai-ning and cognitive processes, and the ability to regulate those processes to enhance 

learning (Omirod. 1999). Metacognition includes both knowledge (declarative, 

procedural, and condifional) and regulation of cognifion (a leamer s ability to monitor, 

evaluate, and plan leaming activities) (Scliraw. 1998). 

Park and Hannafin (1993) suggested that leamers with considerable 

metacognitive skill should have an advantage in loosely structured h}permedia 

environments, whereas those individuals that have underdeveloped metacognitive skills 

will perform better in highly structured env ironments where metacognitive demands are 

lower. 

Human-Computer Interaction (HCI): Ergonomic Issues 

.\ substantial body of literature has compared reading from paper to reading from 

a computer screen, although much of this earlier research has been criticized by Dillon 

(1992) in that empirical studies have decomposed complex activifies to such a degree that 

their designs are far removed from the wa}s users actualh read text. 

Studies hav e focused primarily on ergonomics and human factors including 

reading speed, proof-reading accuracy, and comprehension - all important to using and 

reading an electronic textbook. In general, these studies demonstrate that a user's 

movement through printed text documents is characterized b} speed and automaticity, 

whereas reading electronic text is not (O'Hare & Sellen. 1997). Factors important in 

understanding the complex interactions betw een the user and computer include interface 

design, usabilit}. and human factors such as system/user communication and end-user 

involvement (Berg. 2000). 



Table 2.3 Examples of Ergonomic Factors Applicable to Electronic Textbooks. 

Ergonomic Factor Example 

Font stv le and size Researchers at Camegie Mellon University used a 
comprehension task to evalualc font style and reading speed on a 
computer screen There results indicated that participants over a 
wide age range showed no significant perfomiance differences 
using George (serif). Times New Roman (serif), and Verdana 
(sans seriO fonts (Boyarski, Neuwmh. Forli//i & Regili. 1998) 
A recent slud> found that Anal and Times Neu Roman font 
stvles were read faster than Courier, Century Schoolbook and 
Cieorgia, and that a 12-point font size was read reliably faster 
than a lO-pomt font All fonts, with the exception of Century 
Schoolbook were preferred oscr Times New Roman (Bernard. 
Lida. Rilev. Hackler. & Janzen. 2002) 

Screen resolution and monitor size Screen resolution and monitor si/c affect Mevvable font size 
W hen deluering electronic textbooks, whether on the W eb or by 
C D-ROM. the designer should more toward the optimum values 
for lont type and style, as well as. considering other tvpe 
presentation factors such as leading (Rubinstein. 2002) Berry 
(2000) has proposed testing or validating new screen display 
technologies, such as higher resolution monitors, and utility of 
pointing devices (mouse) prior to including them in educational 
designs 

Reading text on a computer screen Reading text on a computer screen has been identified as a 
problem When reading from a book light is reflected from the 
page to the eye. whereas reading from a computer involves 
background lighting, which has led to complaints about eye 
strain Howc\ er. this problem is projected to be resolved with the 
availability of higher resolution monitors (Nielsen. 2000) 

Text augmentation 

Color 

Hypertext structure 

Information visualization 

Text augmentation with figures, animation, video, and graphics 
(pictures, maps, charts, graphs, and tables) can have both 
conative and cognitive effects Visual referents have 
demonstrated utility in guiding leamers to relationships existing 
between content and what students should leam (Leflore, 2000) 
Several researchers ha\e stressed the importance of illustrations 
in distance education materials (Lowe, 1995) 

Color usage is important in making text more v isible (Bastiaens, 
& Martens, 2000) 

Hypertext structure factors include signals such as white 
spaces, headings, boxes and bullet lists Examples that can 
benefit learners include hot words and glossaries that are 
hyperlinked or presented as popup menus or utilization of 
advance organizers (either expositive stressing agreement, or 
comparative stressing differences) (McManus, 2000), As a 
caution, Tong (2001) argues that a primary weakness ol 
multimedia educational programs is the lack of educational 
validity of the leaming objects employed 

Information sisualization that aid navigation and orientation such 
as displays where the entire database is organized by "starfields" 
(zoom-able scattergram of small colored objects), tree diagrams, 
or network diagrams (Shneidemian, 1997). Visualizations can 
also be created supporting 3-D search environments 



Semiotics. Metaphor, and Design 

Metaphor is a mental model communicated through words, images, and sound, 

which can include data structures. Metaphor can also be applied to the transposition of 

the meaning of one object to another (Adriano. Adriano. & Ricarte. 2000). An iconic 

metaphor imitates the appearance of a real object and conveys meaning to the one who 

perceives it (Rozik. 1998). In this study the 3-D "Book" would funcfion as an iconic 

metaphor of the real object, a printed textbook. Metaphor in educational designs is 

closely tied to semiofics. Semiotics is the science focusing on signs and sign systems and 

how they relate to language and human behavior (Solomon. 2000), Semiotics 

encompasses the study of cognition and has been applied in understanding relationships 

between cognition and interface design (Van der Veer. Wijk. & Feh. 1990). 

The ""book" has had the status of a powerful cultural symbol for some time. 

Bolter (2001) observes the metaphor of the ""book" has been applied to explain abstract 

elements of Westem culture since the bounding of information into codices. In the 

Middle Ages the idea was to visualize all of Nature as a "book." In Paradiso Dante wrote 

of the universe as a book in which all that is real is contained. Today the book metaphor 

continues to carryover into the electronic ""books." Even through electronic writing (and 

leaming) spaces lack the stabilit} and closed or bounded characteristic inherent in a 

•"book." we can still refer to an electronic book or textbook and communicate a functional 

idea of and purpose for the medium. Bolter (2001) argued that the metaphor of ""the 

book" is now moribund. However, the metaphor of a "book" is still very much 

entrenched in our culture, and it is questionable whether or not terms such as 

""cyberspace." as proposed by Bolter, will replace the metaphorical use of ""book" in our 

lexicons soon. One implication of metaphor in design is its power as a referent to objects 

and designs with which the leamer is already familiar (Rouet & Levonen, 1996). In fact 

due to the importance of metaphor in design researchers have argued that adoption of a 

new metaphor should be proceeded b} a study how the new medium affects relationships 

among exisfing metaphors (Adriano. Raposo. Ricarte. & Magalhaes. 2000), 



According to Duffy and Cunningham (1996). one of the basic assumptions for the 

design and delivery of constmctivist instruction is that leaming is mediated by tools and 

signs. One difference between electronic textbooks and print-based textbooks is the 

abiht} ol the user to manipulate s}'nibols in constmctivist leaming environments (Berg. 

2000), 

Shneiderman (1997) noted that the design of computerized metaphors provides 

support tools for the leamer. Shneiderman argues that metaphoric representations of 

traditional physical objects can serve as a natural starting point; for example, electronic 

textbooks could have covers, jackets, and page turning. His list of information 

hierarchies that are frequently represented b} a computerized metaphor are: 

• File cabinets, folder, and documents: 

• Books with chapters; 

• Televisions with channels; and 

• Museums with exhibits. 

Last et al. (2001) used a library metaphor to allow nov ice leamers to search a 

hypertext database on the assumption that the learners would be more adept in locating 

information. The} also noted that although the metaphor was familiar, hypermedia users 

were not provided with the same kind and diversit} of search tools and resources 

common to a library and in the absence of guidance leamers noted frustration during 

hypertext navigation. 

Using the Intemet brow ser as a design metaphor for an electronic textbook has 

potential problems. Berry (2000) has suggested ""browser mentality" as a tenn 

representing the phenomenon descriptive of ""intentional strategies employed by 

individuals in browsing or searching the Web" (p. 49). One characteristic of browser 

mentality includes skimming, that is rapid visual search and selecfion of objects (buttons 

or hyperlinks) and demonstrating impatience to move to the next page (Neilson. 2000). 

Browser mentality may have implications for cognitive processing since leamers would 

not have adequate time to reflect on the content (Jonassen. 1988). 
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Much work has been done with graphical user interface (GUI) designs and 

usabilit} for electronic textbooks. More is needed to improve understanding of the role 

leamer motivation factors play in leaming with this form of digital media. The next 

technolog}- adv ance that appears on the horizon is E-paper. a transparent, flexible plastic 

layer that mimics the ergonomic manipulation of paper, but provides the interactivity of 

other digital media Gorman (2001). The metaphor of the pnnted book appears to be 

strongly entrenched in our culture. 

Leaming with Digital Media 

In recent }'ears there has been renewed interest in psychological constructs and 

associated measures with respect to leamer outcomes in digital environments; For 

example, studies addressing the ""impact of emotions, intentions, will-to-succeed. and 

social factors on leaming" (Jones & Martinez. 2001. p, 22). Snelbecker (1999) also noted 

that contemporary instructional-design theories and models have emphasized cognitive 

processes, but that there is a ""growing recognition of the role of affect in education and 

training." as well as. theories and models that focus on the needs of individual leamers (p. 

654). 

Huitt (1996) noted that psycholog} has traditionally recognized three components 

of the mind: cognition (knowing), affect (valuing), and conafion (motivafion and 

V olition). Snow and Jackson (1997) defined the conation and its relationship to 

educational research: 

In recent }ears, a plethora of psychological constructs and their 
associated measures have been proposed for attention in instructional 
research and evaluation. ,. Among the most interesting and potentialh' 
useful of these constructs are those reflecting motivational and 
volitional aspects of human behavior: we call these "conative 
constructs." ...Among the constructs in this category are: need for 
achievement and fear of failure, beliefs about one's own abilities and 
their development, feelings of self-esteem and self-efficacy, attitudes 
about particular subject matter leaming, and many others, (p, 1) 
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Jonassen (2000) included in his description of the conation domain such 

characteristics as engaging a problem intentionally, exerting eflort to soh e a problem, 

persisting on task, and making strategic choices as well as altitude about problems and 

problem domains. Research with h}pertext/h}permedia systems have also demonstrated 

that an increased demand placed on individual learner motivation, individual self-

regulation of the leaming process, and individual responsibilit} for outcomes (Owston. 

1997: Santiago & Okey. 1992). 

Intrinsic Motivation and Flow 

Omirod (1999) identified four general ways in which motivation appears to 

impact learning and performance: 

1. Motivation increases an indiv idual's energy and activ it} level making the leamer 

more likely to engage in activ it} with more intensit} and vigor. 

2. Motiv ation directs an indiv idual to leaming goals or consequences in which the 

leamer finds reinforcement. 

3. Motivation promotes inifiation and persistence in leaming acfivifies. 

4. Motivation affects an individual's choice of leaming strategies and what cognifive 

processes will be employed (e.g.. the ability to pay attention or to elaborate on 

what is being leamed). 

Another self-motivation belief is intrinsic interest or values that a student places 

on the leaming activity (Zimmerman. 2000). Research on motivation has suggested that 

those students who have a high self-efficacy and sense of self-determination are more 

likely to be intrinsically motivated. Csikszentmihalyi (1990) employed the term flow to 

describe an extreme form of intrinsic motivation. Flow is characterized as a state in 

which the leamer is completely absorbed, focused, concentrated on a challenging activit} 

to the degree that the learner looses track of time, and to the exclusion of awareness of 

other tasks. The flow condition is often observed in digital env ironments. for example 

people who play computer-based games. Game designers have developed content 

interactivity and display techniques specifically designed to keep players in the flow state 
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(Prensk}. 2001). An example of a flow state strategy is described by Prensk}. "A 

successful game needs to constantly walk that fine line between not too hard and not too 

easy, and do it for a variet} of pla}ers. One strategy used to accomplish this... is when 

}ou fall behind, the game gets easier; as }ou get ahead, it gets harder. In Sid Meyer's 

Civilization, for example, if a player does well and grows a civilization quickly, the cost 

of maintaining the civ ilization increases and so does the money that must be devoted to 

keeping the citizens happy" (p. 135). The challenge, of course, is creating an electronic 

textbook (or any other digital leaming environment) that is capable of initiating and 

maintaining the flow state, 

Leamer Self-Regulation and Self-Efticacv Beliefs 

Bandura (1997) described cognitive self-regulation as the ability of leamers to 

"draw on a reliable knowledge base, use their cognitive skills efficiently to ferret out 

relevant information, construct options, and text and revise their strategic knowledge 

based on the results of their decisions" (p. 225). Several researchers have suggested that 

students proficient in self-regulated leaming exhibit certain abilities (e.g.. Bandura. 1997; 

Hill. 1998; Schunk. 1989; Zimmerman. 2000). These abilities include: (1) design and 

construction of new knowledge: (2) scaffolding knowledge without an intermediary: (3) 

processing knowledge reflectively: (4) exhibiting a strong self-efficacy belief for 

leaming: (5) exhibiting self-regulation in terms of self-monitoring: and (6) undertaking 

an active, conscious role in personal development 

Zimmerman (2000) suggested a triadic model that v lews self-regulation as 

interaction between personal (covert), behavioral, and environmental forms of self-

regulation. Behavioral self-regulation inv olves self-monitoring and making performance 

adjustments. Environmental self-regulation is the individual's abilit} to observe and 

adjust environmental outcomes, and personal or covert self-regulation involves self-

monitoring and making adjustments to cognitive and affective states. The self-regulation 

process is iterative in the sense that feedback from a prior performance is used to adjust a 

current activity. 
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Zimmerman classified the self-regulation process into three phases: forethought, 

perfomiance or volitional control, and self-reflection. These three phases and sub-

processes of self-regulation, as idenfitied b} Zimmerman, are reproduced in Table 4, 

Table 2,4. Phases and Sub-Processes of Self-Regulation 

Forethought 

Task Analysis 
(.'roal setting 
Strategic planning 

Self-motiv ation beliefs 
Self-efficacv 
Outcome expectations 
Intrinsic interest value 
Goal orientation 

terativ e self-regulatory phases 
Perfomiance/volitional 

i ^ H ^ . control f^^i^^f 

Self-control 
Self-instruction 
Imager} 
Attention focusing 
Task strategies 

Self-observation 
Self-recording 
Self-experimentation 

Self-reflection 

Self-judgment 
Self-evaluation 
Causal attribution 

Self-reacfion 
Self-satisfaction/affect 
Adaptive-defensive 

Source: Excerpted from Zimmerman. "Attaining self-regulation." 2000. 

Bandura (1997. n. 3) defines self-efficacy as "beliefs in one's capabilifies to 

organize and execute tiie courses of action required to produce giv en attainments." The 

following are examples of a posifive influence of leamer self-efficacy and academic 

performance: 

• Bandura (1997) identified as seminal the work of Collins that first made a 

correlation between the self-efficacy beliefs of children with respect to 

mathematical abilit}. Those with strong self-efficac} beliefs tended to discard 

fault} strategies w hen faced w ith difficult math problems. 

• Bandura and Zimmemian (1994) argued that students who are self-efficacious 

will demonstrate higher intrinsic motivafion in a task, persist longer in complex 

tasks, and use more effective leaming strategies. 

• Over a series of experimental studies. Schunk (1984. 1989) found that academic 

self-efficacy is positiveh affected by the acquisition of cognitive skills, but is not 



solely reflective of the skills acquired. One important relationship defining 

importance of academic self-efficacy was the discovery that high mathematical 

self-efficacy had a mediating role in both the attainment of problem-solving skills 

and persistence with difficult problems. 

• Bandura (1997) has shown that students hav ing prior experience with a given task 

are often the strongest predictor of one's self-efficacy belief This relationship has 

been reproduced in electronic leaming enviromnents. For example, Joo. Bong, 

and Choi (2000) showed that Intemet self-efficacy was predictive of predictive of 

leamer abilit} to successiv ely search for information on the World Wide Web. 

Self-efficac} for self-regulated leaming is one of the traits identified under the 

"self-motiv ation belief sub-process characterized b} Zimmerman. Research has 

demonstrated a positiv e relationship in which learner self-efticacy beliefs influence self-

regulated leaming. Zimmerman. Bandura. and Martinez-Pons (1992) observed a positive 

relationship between self-efficac} for self-regulated leaming strategies as applied to 

academic achievement (as well as goal setting b} students with regard to test grades and 

final course grade). McManus (2000) reported that high leamer self-regulation was 

predictive of performance in a web-based hypermedia learning environment. The initial 

McManus study used students with a strong computer skills background. However, a 

later study where a majority of students did not have prior experience a computer-based 

tutorial, the study showed no significant predictive effect (for self-regulated leaming and 

performance). Neither of the McManus studies evaluated leamer self-efficacy beliefs 

toward the digital leaming env ironment. In his discussion. McManus proffered this 

explanation for no significant difference in the second study: "It is possible that the 

students who tested as high self-regulating may have not been familiar enough with the 

environment to know how to apply self-regulation strategies to their best effects" (p, 

242). These results suggest that possibilit} that self-efficacy beliefs toward the particular 

technology application should be considered along with leamer self-regulation. 
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Attitudes and Learner Behavior 

Attitude refers to both general and lasting positive or negative feelings about 

some person, objects or issue (Petty & Cacioppo. 1981). In defining the relationship 

between learner behavior and attitude. Bandura (1997) succinctly observed the following: 

Focus on attitude change as the principal means of promoting 
innovations assumes that attitudes detennine behav ior. This approach 
has not met with notable success. There is much debate as to whether 
attitudes influence behavior or behavior alters attitudes. Evidence 
suggests that both attitudinal and behavioral changes are best achieved 
by creating conditions that foster the desired behavior, ...ft might be 
argued, however, that it is exceedingly difficult to get people to behave 
in ways that contradict entrenched attitude. ...If the new pracfices are 
highh beneficial, adopters either alter their attitudes to coincide with 
their new behav ior or construe it in a manner consistent with their 
traditional belief (p. 513) 

By definition attitude is closely aligned to the psychological behavioral construct 

self-efficacy. A positive attitude (satisfaction) relates to the learner's poshive perception 

of achievable success and positive feelings about the achieved outcomes (Keller. 1983). 

It has been found that when technolog} is transparent and seamless (convenient to use 

and functions reliably, students expressed positive attitudes toward online programs when 

specific conditions are present (Johnson. Aragon. Shaik. & Palma-Rivas. 2000). 

Theorists have argued that user attitudes toward new technologies are important 

during the introduction and implementation phases (Davis. Bagozzi. & Warshaw. 1989). 

In an empirical study involv ing a hundred and four graduate students Zhu (1999) found a 

significant relationship between learners' performance and attitude toward hypermedia 

s} stems was correlated to the number of links, w hich was attributed to cognitiv e 

overhead and/or disorientation. The more positive attitude was also reflected in better 

leamer performance. Other studies have linked leamer attitudes and preconceptions 

toward media as a positive predictor of leaming outcomes. (Al-Khakli & Al-Jabri. 1998). 

When the attitude measure closely correlates to the behavior or interest, attitudes 

and behavior are conditionally linked. Ajzen (cited in Brehm & Kassin, 1996) proposed 

that behavior is influenced by attitudes and that attitudes are interconnected with beliefs 



about what influential others prescribe (subjective nomis) and self-efficacy beliefs 

(perceived behavioral control). Figure 2.2 illustrates this relationship. 

Attitude towards the 
behavior, e.g., 
reading/studv ing from 
an electronic 
textbook. 

Subjective norm 

Perceived behavioral 
control, e,g.. self-
efficacv beliefs 
tow ard using an 
electronic textbook. 

Behavioral intention. 
e.g.. wanting to use an 
electronic textbook. 

Behavior, e.g.. 
demonstrating a 
preference for an 

electronic textbook. 

Figure 2,2, Ajzen's Model of the Relationship of Attitude. Perceived Behavioral Control, 
and Subjective Norm. 

Source: Adapted from Brehm and Kassin. Social Psychology. 1996, 

Cognifive Stvles. Leaming Styles and Leaming Orientation 

Over the last 40 years, many researchers have proposed that teaching 

effectiveness would be improved if instruction could adapt (or be adapted) to individual 

leaming behav iors. Jones and Martinez (2001) stressed the importance to understand the 

difference between leaming orientation and individual leaming styles. According to 

these researchers leaming st}ies are constructs orientated toward cognitive factors as 

representing how individuals leam differently. By comparison, the Leaming Orientation 
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Model considers the "dominant influence of affective, conative. and social factors on 

leaming" (p. 2). 

Cognitive Stvles 

Cognitive styles relate to stable differences that can be observed between 

individual leamers (Smith & Ragan. 1999). Cognitive styles recognize that individuals 

receive and process infomiation differently. Most of the research in this area (at least in 

the United States) has been with the cognitive style dimensions field-dependent and field-

independent (first proposed by Witkin. Moore. Goodenough. & Cox. 1977). 

Summarizing research in this cognitive style dimension. Miller and Miller (2000) 

observed that field-independent individuals do well in situations that require active 

structuring of their own leaming. They are not easily distracted by irrelevant features of 

a task, which enables their abilit} to organize (and reorganize) leaming strategies relevant 

to the task. At the other pole of the continuum, field-dependent leamers do well in highly 

stmcture leaming environments, and are more easily distracted by features that are not 

task relevant. One concl' n is that field-independent leamers have an advantage in 

h}pertext environments be. .ase of their ability to organize information in unstructured 

environments. 

Other cognitive styles that Miller and Miller (2000) reported as having possible 

relevance to a hypermedia leaming environment (including e-textbooks) are: scanning 

(narrow versus wide focus on detail), ability to filter distractions and focus attention, 

reflection versus impulsiv it}. flexible control over an ability to categorize, and risk taking 

versus cautiousness. It has been suggested that leamers who have characteristics of risk-

takers, scanners, high conceptual integrators, and flexible control should perform better in 

leamer controlled, hypermedia environments (Grabowski & Curtis. 1991). 

Leaming Styles 

Leaming styles are stable characteristics that refer to leamer behaviors indicating 

the preferred mode of knowledge acquisition. Leaming styles differ from cognitive 
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styles, which focus on a leamer's systematic or habitual mode of organizing and 

processing infomiation (McLaughlin. 1999). Learning style research in various 

educational environments from classroom to the World Wide Web have primarily been 

driven b} the idea that individual leamers possessing an identifiable leaming style 

enables the instructional designer to focus on tailoring individual programs for leamers 

(Maushak et al.. 2001). However, leaming styles have been of particular interest in 

developing designs for distributiv e media where open and flexible leaming environments 

are the rule (McLaughlin. 1999: Ellis. 1999). 

There are man} pS}chometric instruments available to assess individual learning 

styles. For example. DeBello (1990) compared eleven leaming style models. The Kolb 

Leaming Style Theory has been vvideh used to relate leaming styles to leamer 

performance using different delivery technologies, Kolb (1985) proposed that although 

an indiv idual can cycle through the four leaming stages s/he will have one leaming style 

that is the dominant style preferred for leaming. There appears to be agreement among 

researchers that differential primary leaming styles (PES) exist, and can indicate how 

well a student will leam or master a new skill (Comwell & Manfredo. 1994; Geiger. 

Boyle. & Pinto. 1993: Romero. Tepper. & Tetrault. 1992). However. Comwell and 

Manfredo (1994) argue that the leaming stage typology has not demonstrated validity, 

possibly due to the fact that values are derived from the difference of two sets of ipsative 

scored variables. 

Leaming Orientation 

Leaming styles generally subjugate the impact of emotions, intentions, will-to-

succeed. and social factors on leaming. In contrast, leaming orientation considers the 

dominant influence of affective, conative. and social factors on leaming. Factors relative 

to the Intentional Leaming Theory and the Leaming Orientation Model include the 

leamer"s emotional investment in leaming and perfomiance (conative/affective aspects), 

strategic self-directedness (committed leaming effort), and independence (leaming 

autonomy) which are measure by the Leaming Orientation Questionnaire (LOQ). a self-
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reporting survey instrument created by Martinez (1999), The LOQ organizes leamers into 

four leaming orientations with each type hav ing a tendency to perform better in specific 

online instructional environments (the one exception is the Resistant leamer). 

Jones and Martinez (2001) stressed the importance to understand the differences 

between leaming orientation and individual leaming styles. According to these 

researchers leaming st}ies are constructs orientated toward cognitive factors as 

representing how individuals leam differently. By comparison the Leaming Orientation 

Model considers dominant influence of affective, conative. and social factors on leaming. 

Martinez (2001) suggested general instructional design considerations for these three 

dominant leaming orientations (Table 2.5). 

Table 2.5. Instructional Design Considerations for Dominant Leaming Orientations. 

Orientation Preferred Instructional Design 
Conforming Learners Designs should prov ide structure and guiding to help leamers avoid mistakes. 

Leamers have a preference of less self-directed leaming. step-b\-step assignments, 
and detailed guidance and explicit feedback from instructors. 

Performing Learners Designs are semi-structurcd environments that provide interaction with course 
materials and leaming objects. Ixamers prefer some self-direction in areas where 
there is a high degree of interest, and limited guidance when the task is somewhat 
challenging. Concise feedback with minimum and brief guidance from coaches is 
preferred. 

Transforming Designs arc loosely structured environments that promote discovery. Leamers prefer 
Learners self-directed goals and challenging projects and ill-defined problems. Designs should 

be constructed around the freedom of learners to create their own content structure. 
Modular unit should be short and provide links to details as needed. 

Source: Excerpted from Jones and Martinez. "Leaming orientations in university Web-
based courses." 2001. 
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Chapter Summary 

This section introduces several issues providing background to how growth of the 

electronic leaming space has impacted a traditional form of mediated instmction, the 

expository print textbook: 

• Although the traditional textbook has been an integral part of American 

curriculum, the idea of the ""textbook" is now in a period of redefinifion; 

• Generational differences exist between a digital-technology savvy youth 

culture and the designers of traditional mediated instruction such as the 

textbook: and 

Print textbook designs are typically the result of blended objecfives: the 

goals of the publisher in response to the various stakeholders in the market, 

and the pedagogical goals of the designers. 

This overview of the textbook is followed by a review of literature relevant to 

leaming with digitalh mediated environments that are also explicit to electronic 

textbooks. Issues addressed in this section include advantages and disadvantages of 

electronic textbooks and leamer behav ior in hypertext/hypermedia environments. These 

systems allow the leamer to access information in a non-linear manner. In this 

environment information is organized as a network of nodes (chunks of text and non

textual information) and hot words, phrases, or graphics that link to other information 

nodes. Relevant issues with hypertext/h} permedia mediated environments addressed 

include leamer control, prior knowledge, prior experience, reading hypertext, spatial 

ability, metacognition, ergonomic issues of human-computer interacfions (HCI) and 

leamer acceptance. 

An iconic metaphor imitates the appearance of a real object and conveys meaning 

to the one who perceives it and in this study the 3-D ""Book" is an iconic metaphor of the 

real object, a printed textbook. Metaphor in educational designs is closely tied to 

semiofics. Semiotics is the science focusing on signs and sign systems and how they 

relate to language and human behavior. 
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Psycholog} has traditionally recognized three components of the mind: cognition 

(knowing), affect (valuing), and conation (motivation and volition). In recent years there 

has been renewed interest in psychological constructs and associated measures with 

respect to leamer outcomes in digital environments and an increasing appreciation among 

instmctional designer and theorists of the role of affect and conative factors in education 

and training. Self-efficacy as a conative construct is discussed along with the affect 

construct leamer attitude. 
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CHAPTER III 

METHODOLOGY 

Introduction 

The study of two design metaphors for an electronic textbook examined the 

leaming orientation construct relative to learner attitudes and self-efficacy beliefs. 

Within framework of the stud} participants were engaged in ecologicall} valid tasks (text 

reading and information retrieval) and post-treatment achievement was assessed. The 

study focused on (1) comparison of leaming orientations relative to leamer attitudes, 

enroute task completion and performance, and post-treatment achievement within the 

context of using one of two electronic textbook design metaphors: and (2) comparison of 

leamer self-efficacy beliefs relative to the two electronic textbook design metaphors and 

leaming orientation. An additional goal of the stud} was to provide guidance for further 

research into interface design features that would promote increased posifive conative 

characteristics (such as leamer satisfaction) and cognitive benefits for leamers operating 

within the electronic textbook env ironment. 

Preliminary Study 

A preliminary study was initiated to gauge general pattems of use and user 

satisfaction toward an electronic textbook used in a classroom environment (Unfred & 

Crooks. 2001). Nine graduate students in instructional technology were assigned 

readings in an electronic textbook. Visual Design for Instructional Multimedia 

(Misanchuk. Schwier. & Boling. 2000). Although all of the students in the study had 

considerable experience with various fomis of electronic text delivery, none had 

previousl} used an electronic textbook. At the beginning of the semester students were 

given a questionnaire to measure self-efficacy beliefs with regard to access, utility, and 

navigation in an electronic textbook environment. The electronic textbook self-efficacy 

scale was adapted from an Intemet self-efficacy scale developed by Joo. Bong and Choi 

(2000). At the end of the semester a focus group interview format was used in which 
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participants were given the opportunity to express what each saw as advantages and 

disadvantages of the electronic textbook. Open-ended questions were designed to 

discover differences in user attitudes that could possibly serve as the basis for 

constructing parametric instruments for an expanded study. 

Although all of the nine students in the study had considerable experience with 

various forms of electronic text delivery, none had previously used an electronic 

textbook. At the end of the semester a focus group interview format and questionnaire 

were used in which participants were given the opportunity to express what each saw as 

advantages and disadvantages. Open-ended questions were designed to discover 

differences in user attitudes that could possibl}' serve as the basis for constructing 

parametric instruments for an expanded study. The students were also asked to rank their 

perceived advantages and disadvantages as minor, major, or critical. By a ratio of 3-to-l 

the students preferred a traditional printed textbook to the electronic textbook. The 

disadvantages most often cited a being major or critical were (1) text on the computer 

screen is harder to read (e}e stress, slower reading, and requires scrolling), and (2) less 

text on each screen and hyperlinks interrupted the flow of the content. Although 

disadvantages were identified over advantages 2-to-l. the major advantage was that the 

electronic textbook's use of color, animation, and h}periinks aided understanding of the 

text. (One student commented that the use of hypennedia was underutilized.) 

Measures and Instrument Validation 

All data collected was organized in an electronic spreadsheet format and 

statistical analyses conducted using SPSS 11.0. The study utilized a 2 X 2 X 2 factorial 

design. Independent variables in the study were two leaming orientation groupings 

(Transformer-Performing and Conforming-Resistant) as determined by the Leaming 

Orientation Questionnaire and calculated b} Martinez (personal communication). Based 

on initial multivariate analysis a second independent variable, gender, was added. The 

two treatments were an electronic text with either a 3-D Book or Intemet browser 
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interface design. Three dependent measures used in the study were leamer attitudes 

toward an electronic textbook (determined as a post-treatment assessment), enroute task 

perfomiance. and post-treatment achievement. The study also examined the conative 

construct self-efficacy to determine if correlations can be found between novice learner 

self-efficac} beliefs (i.e.. no prior experience with an e-textbook) influenced b} the two 

electronic textbook interface design metaphors. 

Table 3.1 summarizes the relationship of measures (dependent variables) to the 

two electronic textbook design metaphors and two leaming orientations. 

Table 3.1. Data Collection Relative to Treatments and Independent Variables. 

Learning Orientations 
Treatments Transforming-Performing Conforming-Resistant 

Group Group 
Intemet Browser 
Design Metaphor 
3-D Book 
Design Metaphor 

Dependent variables: Attitude measures (ETAM): 
Enroute task performance (specific information 
searching activit}) and post-treatment achievement (a 
ten questions multiple choice exam). 

Self-efticacy beliefs were also part of this study. The self-efficacy belief 

constmct (as an independent variable) has demonstrated predictive utility with regard to 

cognitive outcomes (Bandura. 1999; Zimmerman. 2000). On the other hand, research 

focusing on novice leamers suggests that in new leaming environments, such as 

computer mediated leaming. leamer self-efficacy beliefs more closely pattern the 

affective constructs such as attitude or preference for a particular form of instruction 

(Brehm & Kassin. 1998). For this study self-efficacy could represent an independent 

variable in multivariate analyses or a dependent variable overlapping leamer attitudes 

toward using an electronic textbook or using a different interface design for an electronic 

textbook. Finally, the possibility exists that the identified self-efficacy subscales could 

behave as either an independent or dependent variable. 
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Attitude Measures 

Leamer attitudes toward the electronic textbook experience were measured using 

the Electronic Textbook Attitude Measure (ETAM) instrument (see Appendix A). 

Demographic data was also collected as part of the ETAM instrument (Section 1). 

The ETAM is an adaptation of the Computer Technologies Attitude Measure 

(Ertmer. Evenbeck. Cennamo. & Lehman. 1994). The ETAM instrument employs 21 

items using a Likert-t}'pe scale. Each item is expressed as a clearly negative or positive 

attitude, or opinion, which is evaluated by the participant in a Likert-type disagree-agree 

response. The graded responses range from 1 (strongly disagree) to 6 (strongly agree). 

Data collection using the ETAM was conducted after the participants had 

completed the treatment phase of the study. Ertmer et al. (1994) suggested that subscale 

scores are not added to obtain an overall attitude score, but instead remained a separate 

measure, reflecting attitudes toward specific tasks, Subscale intemal consistency 

reliabilit} (coefficient alpha) estimates were conducted for subscales identified. The 

negativ e-stated items were reverse scored, that is. transformed into the equivalent 

positive scale where the higher score reflects a more favorable attitude toward the survey 

item. These items (transfomied) were then subjected to factor analysis. The intemal 

consistency estimates of reliability for all of the 21 items were coefficient alpha .90. 

Initial principal component anah ses extracted five components representing 

64.2% of the variance (non-rotated solution). Using the maximum likelihood extraction 

method. Varimax (orthogonal) rotation yielded five factors with a cumulative variance of 

53.2%. A Varimax rotation solution using three factors was initiated with the result that 

the three factors accounted for 46.8% of the cumulative variance. 

Focusing on the Factor One (Table 3.2) the eleven items can be further organized 

into items reflecting a feeling or emotion toward using an electronic textbook and items 

that require a evaluative opinion. An intemal consistency estimate of reliability was 

computed for these items grouped into item sets or subscales of attitudes reflecting 

feelings (ETAMemot) and atfitudes reflecting opinions (ETAMeval), The ETAM2 

grouping consisted of items (evaluative opinion based) that were complex, that is. they 
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were possibly affected by influences from several sources. Since some of this influence 

could possibl} be assigned to a combination of fixed variable used in the study, the 

decision was made to collect them into one subscale. 

Each subscale was analyzed as a dependent variable. ETAMemot subscale 

consisted of five items that elicited feelings about the electronic textbook experience. 

ETAMeval was distinctly different fonn ETAMemot. The items represented by the 

ETAMeval subscale reflected user opinions regarding functionality relative to the 

electronic textbook. The subscale ETAM2 were items that were possible the result of 

complex inputs. It was detennined. however, to treat this group of items as one subscale 

considering the possibilit} that varying attitudes could be impacted by the treatments, 

leaming orientation, or gender of the test population. The subscales gave the following 

coefficient alphas: ETAMemot coefficient alpha .86: ETAMeval coefficient alpha .76; 

and ETAM2 coefficient alpha .83. 

Tables 3.2 and 3.3 present the subscale item means and the factors obtained 

through factor analysis. 
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Table 3.2. Descriptive Statisfics for Attitude Measure Items and Subscales. 

Items 

ETAMemot Subscale: Attitude 
items generally related feelings 
toward an electronic textbook 
experience. 
I fee! uneasv using electronic 
textbooks. 
Electronic textbooks are confusing to 
me. 
I feel comfortable about my ability to 
work will electronic textbooks. 
The thought of using an electronic 
textbook frightens ine. 
I am anxious about electronic 
textbooks because I don't know what 
to do if something goes wrong. 
ETAMeval Subscale: Attitude 
items expressing an opinion 
regarding the functionality of the 
electronic textbook experience. 
It is difficult to complete assigned 
tasks using an electronic textbook. 
Electronic textbooks cause inore 
problems than they solve. 
I don't see how I can use electronic 
textbooks to leam. 
I do not do well reading fi-om 
computer screens. 
Navigation tools (e.g.. 
forward/backward, screen icons) are 
easy to use. 
Using an electronic textbook in inv 
schoolwork will mean more work for 
me. 

Reverse 
Scored 

Negative 
Iteins 

Std. 
Mean Mean Dev. 

3.15 3.85 1.432 

Factors 

One Two Three 

2.53 

2.42 

4.66 

2.20 

3.21 

4.50 

4.59 

4.80 

3.79 

1.339 

1.350 

1.229 

1.124 

1.375 

.90 

.82 

.73 

.73 

.48 

.00 

.00 

.00 

.00 

.00 

,00 

,00 

->2 

.00 

,00 

2.45 

2.48 

2.40 

2.65 

5.35 

4.55 

4.52 

4.60 

4.39 

1.290 

1.304 

1.182 

1.5 15 

.95 

.72 

.70 

.55 

.53 

.50 

.00 

.20 

.16 

.00 

.00 

.00 

.00 

.00 

.00 

.10 

.44 .00 .00 
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Table 3.3, Description Statistics for the Atfitude Measure Subscale of Complex Items 
Grouped from the Varimax Solution. 

ETAM2: Complex attitude items 
consisting of opinions regarding 
the functionality of the electronic 
textbook. 

Having access to an electronic 
textbook in a course is important to 
me. 
Knowing how to use an electronic 
textbook will be helpful in mv 
future work. 
1 don't have any use for electronic 
textbooks on a day-to-day basis. 
If 1 can use an electronic textbook I 
will be inore productive. 
Textbooks on computers would be a 
good idea. 
Anything that electronic textbooks 
can be used for. 1 can do Just as well 
some other vvav. 
1 do not think that electronic 
textbooks will be useful in my 
schoolwork. 
Coinputer screens w ith text are easv 
for me to read. 
I'm comfortable leaming with 
electronic textbooks. 
I have no difficulty finding items in 
an electronic textbook. 

Mea 
n 

3.60 

4.75 

3.77 

3.90 

4.50 

3.74 

2.85 

4.53 

4.40 

4.47 

Reverse 
Scored 

Mea 
n 

3.25 

3.25 

4.17 

Std. 
Dev. 

1.308 

1.077 

1.47 

1.226 

1,232 

1,254 

1,305 

1,297 

1.167 

1.217 

Factor 
One 

.34 

.21 

.23 

.42 

.42 

.20 

.60 

.54 

.50 

.45 

Factor 
Two 

,65 

.53 

.56 

.49 

.44 

.40 

.44 

.35 

.35 

.00 

Factor 
Three 

,28 

.00 

.00 

.00 

.00 

.00 

.11 

,12 

.37 

.37 

The ETAM also employed a semantic differential scale. The semanfic differential 

scale as an instmment for measuring attitudes was initiall} developed by Osgood (Heise. 

1970) and allows participants to express attitudes b} choosing a point on a Likert-type 

scale between a pair of antonyms. The semantic differential scale has been widely used 

to measure attitudes toward products, services, and objects. The antonyms typically have 

three major dimensions of judgment: evaluative (good - bad): potency (strong - weak): 

and activity (active - passive). One criticism of the semanfic differential scale is the bias 

resulting from the lack of universal meaning between antonyms chosen for the survey 
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instrument and the attitude measured (Brewer & Crano. 1994), In this study the semantic 

differential survey is modified from the instrument used by Mahan (1996). Statistically 

significant antonym pairs relative to independent variables and treatments were 

determined b} MANOVA analysis with follow-up univariate ANOVAs. 

The final section of the ETAM was four forced-response scenarios requiring the 

respondent to choose between altematives. The scenarios were designed to test the 

preference of the participant for a printed version of a textbook over an electronic 

textbook with regard to price, application of animation, and connectivity to the Internet. 

Electronic Textbook Self-Efficacy Scale 

Self-efficacy theory requires that survey items reflect different facets of the 

domain (Bandura. 1997). Perceived ability to use and electronic textbook was 

determined using 11 items that comprise the Electronic Textbook Self-efficacy Scale 

(ETSES) (Appendix B). 

Phase 1. The ETSES is an adaptation of a 14-item Intemet self-efficacy scale 

developed by Joo et al (2000) and was piloted using volunteer students from the 

Introduction to Computers and Technology course from the 2001 academic year. In a 

classroom setting groups of students were demonstrated either the Intemet Browser 

interface or the 3-D Book interface, but individual manipulation of the electronic 

textbook was not part of the study at this stage. Participants were given a 10-minute 

presentation of either electronic textbook interface design. Participants were then given 

the electronic textbook self-efficacy survey which also allow for the collection of 

descriptive data related to past experience with electronic textbooks. The distribution of 

the participants (N = 72) within the two electronic textbook interface designs was: 

Intemet Browser (niB = 35). 3-D Book (n3D = 37), 

Data collected in conjunction with this phase of the instrument validation study 

showed that 57% of the participants were freshman. Another dominant characteristic of 

the participants surveyed was that all had access to the Intemet. either at home, at work, 

or at school. Ninety-four percent of the participants knew that their computers had CD-
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ROM playing capacity. Since delivery of an electronic textbook can be either over the 

Intemet or b} CD-ROM, this item was added to detennine whether or not participants 

were familiar with this type of delivery s}'stem. Participants were also asked to indicate 

any prior experience with an electronic textbook. Fifty-two percent of the students 

reported having never used and electronic textbook or having used an electronic textbook 

onh once. 

Students were surve} ed regarding their attitude toward using and electronic 

textbook in place of the printed textbook used for the class. Of the participants. 45 

percent indicated that the} would prefer the print version of the textbook only. Those 

prefeiTing the textbook to be available onh in electronic fomi represented 38%. The 

remaining 17% primaril} expressed an interested in having the textbook in both printed 

and electronic forms. 

The electronic textbook self-efficac} instrument reliability was measured by 

coefficient alpha (standardized score of 0,93). The coefficient alpha indicated a high 

intemal consistency for the self-efficacy surve} instrument. Factor analysis was 

undertaken to detennine the number of factors represented by the self-efficacy instrument 

and to provide insight into factor interpretation. Several goals were addressed: (1) to 

determine if the items represented one dimension of the self-efficacy construct. (2) to 

determine if some items were employed that were not readily associated with the self-

efficacy construct, and (3) to determine if sub-scales representing the construct could be 

identified. Dimensionality of the individual items of the self-efficacy instrument was 

analyzed using maximum likelihood factor analysis. Analyses used to detemiine 

significant factors were principal component analysis (non-rotated solution) and the scree 

plot. Principal component analysis indicated two factors indicated by the scree plot of 

eigenvalues using the criterion of retaining factors with eigenvalues greater than one 

(Green. Salkind. & Akey. 2000). Pre-rotation factor analysis indicated that the two 

factors represented 63.6% of the total variance. The rotation method, Varimax. yielded 

orthogonal factors indicating that the two factors (also referred to as sub-scales) together 

represented 58.6% of the variance. The rotated solution is shown in Table 3.4. 
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For Phase 1 of the self-efficacy instrument validation study, the grouping 

identified as Subscale 1 in Table 3.4 generalh reflected items associated with navigation 

(and primaril}- navigation in an Internet browser interface environment). Subscale 2 

composition was dominated bv items reflecting the subject's confidence in manipulating 

multimedia objects. The items of Subscale 2 appeared as an aggregate that was present 

across two or tliree factor extractions. 

A t test conducted to evaluate the self-efficacy of students with regard to the 

Subscales 1 and 2 demonstrated a significant difference between the two self-efticacy 

subscales. The mean derived for Subscale 1 (M = 3.67. SD = 408) was significant 

compared to the mean for Subscale 2 (M = 3.01. SD = .687). t (72) = 8.540. p < .001. 

The standardized effect size index, d. was 1.00 considered a large v alue (Gall et al.. 

1996). The mean difference of 0.66 between the two 4-poiiit Likert-type scales for 

Subscale 1 and Subscale 2 demonstrated slight overlap between the two scales. Figure 

3,1 represents a box plot of these two subscales. 
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Table 3.4. Correlations between Self-Efficacy Items. Subscales and Corresponding 
Factors. 

Items 
Factors 

factor One factor Two 

Subscale 1: Items primarily related to navigation 
self-efficacv. 

1 feel confident going to the next textbook page b\ using the 
"Next" function. 

1 feel confident linking to desired screens b\ clicking. 
1 feel confident going to pre\ ious textbook pages h\ using the 
"Previous" function. 

1 feel confident using the scrollbar on the computer screen. 

1 feel contldcnl finishing or "closing" the electronic textbook 

I feel contldent using the index and table of contents 
prov ided bv the electronic textbook. 

.44 

.80 

.71 

.71 

.68 

.65 

.18 

.12 

.04 

.44 

.48 

1 feel confident printing materials located on the electronic 
textbook. 

.45 

Subscale 2: Items related to self-efficacy for 
manipulating downloads and multimedia files in an 
electronic textbook. 

I feel confident accessing \ideo llles on the electronic 
textbook. 

I feel confident accessing audio lilcs on the electronic 
textbook. 

1 feel confident using intcracti\c animations on the electronic 
textbook. 

I feel confident downloading necessar\ materials from an 
electronic textbook. 

.0."! 

.1(1 

.14 

.32 

.97 

.95 

.87 

.58 

Complex Items 

i feel confident beginning or "opening" an electronic 
textbook. 

I feel confident locating specific information in the electronic 
textbook. 

1 feel confident selecting the right keyword search terms for 
an electronic textbook search. 

.49 

.42 

.24 

.45 

.44 

.37 
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Figure 3.1. Box Plot of Two Subscales Developed from the Electronic Textbook 
Self-efficacv Instrument. 

Phase 2. The results of factor analysis of the Phase 1 self-efficacy survey 

instmment v alidation stud} demonstrated that the multimedia related items constituted a 

separate group or category within the self-efticacy constmct. Also, a number of items 

appeared to represent complex responses that were not significantly represented in any 

particular extraction of the factor analysis. Difficulties with interpretation of results from 

factor analysis can come from several areas, for example, items may be poor indicators of 

the constmct and the items employed may be representative of multiple factors. 

Interpretation should be combined with knowledge about the construct and about the 

items being employed for assessing the construct (Green. Salkind. & Akey, 2000). 

Initially, the assumption was made that the items were possibly tapping responses not 

necessarily related to the self-efficacy construct. There was also the possibility that self-
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efficacy beliefs could be influenced by the nature of the electronic textbook 

demonstrated, especially among novice electronic textbook users. A determination was 

made to organize the "complex" items into a subscale would be analyzed as a dependent 

variable and possibly influenced by a particular treatment design, rather than as an 

independent measure of the self-efficac} psychological construct. 

Changes were made in the piloted electronic textbook self-efficacy instrument and 

based on several considerations. The thi-ee items "I feel confident going to the next 

textbook page b}- using the 'Next' function" and " I feel confident going to previous 

textbook pages by using the 'Previous' flinction," and " I feel confident using the 

scrollbar on the computer screen" were recognized pertaining to navigation using the 

Intemet browser design metaphor. The replacement item was an attempt to address self-

efficac} within the context of either interface design: "I feel confident using symbols on 

the computer screen to navigate." The multimedia item "I feel confident accessing video 

files on the electronic textbook" was also deleted. It was considered redundant in that the 

remaining multimedia items adequateh represented the possibilities envisioned for 

electronic textbooks. Other changes included the addition of one item, "I feel confident 

going to any page in the electronic textbook" in an attempt to expand items dealing with 

navigation. 

Eleven items of the ETSES instmment (Appendix B) were initially analyzed 

using maximum likelihood factor analysis. Initial principal component analyses 

determined three components selected representing 76.7% of the variance (non-rotated 

solufion). Using the maximum likelihood extraction method, Varimax yielded three 

factors with a cumulative variance of 69.0%. The retaining the borderline eigenvalue 

1.05 was considered, but since the two-factor orthogonal solution accounted for 60.4% of 

the cumulative variance, the two factor solution was retained. 

The addition and replacement of two new survey items along with the elimination 

of several of the Intemet browser biased items contributed to differences in the factor 

analysis between the piloted self-efficacy survey and the ETSES. Another significant 

change was that the pilot audience saw a presentation of the two design interfaces 
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whereas the test population was able to manipulate each GUI prior to the ETSES survey. 

The means for each subscale were calculated for each case or participant in the study. 

SESl represents the average of Subscale One which reflects items related to self-efficac} 

for manipulating downloads and multimedia files in an electronic textbook that were also 

extracted as a group by the Varimax (orthogonal) solution. SES2 represents the complex 

items grouped into Subscale Two of the ETSES. The item subscales and factors are 

presented in Table 3.5, 

For the ETSES instrument reliabilit} was measured by coefficient alpha 

(coefficient alpha equal .92). The coefficient alpha indicated a high intemal consistency 

for the self-efficac}' surve} instrument and compared favorable with the reliability 

determined for the piloted self-efficac} instmment (where coefficient alpha was .93). 

Subscale One (SESl) coefficient alpha was .91 and for Subscale Two (SES2) h was .87. 

Task Performance Measure 

The enroute task performed required completion of a worksheet while reading 

content that required both progressing linearly through the material, as well as. accessing 

hyperiinked information within context two interface design metaphors (Appendix C), 

Time allowed for the ecologicalh valid tasks (reading, navigating through the electronic 

textbook, and complefion of a 10-item list) was 15 minutes. All quesfions required the 

participant to an answer in a blank space to complete a statement. The timed task reflects 

variations of individual strategy use within the context of the two electronic textbook 

interface metaphors. Participants were informed of the time limit prior to beginning the 

treatment, but were not reminded of the time during the treatment to avoid potential 

stresses associated with trying to complete the task within a set time. 

Completion rate and proportion correct were calculated and compared using one

way MANOVA and univariate ANOVA analyses. 



Table 3.5. Descripfive Statistics for Electronic Textbook Self-Efficacy Items and the 
Varimax Two-Factor Solution. 

Items Mean 
Std. 
Dev. 

Factors 
Factor 
One 

Factor 
Two 

Subscale One: ETSES items related to self-efficacy 
for manipulating downloads and multimedia files in 
an electronic textbook. 

1 feel confident accessing audio files on the electronic 
textbook. 

1 feel confident using interactive animations on the 
electronic textbook. 

I feel confident locating specific infonnation in the 
electronic textbook. 

I feel confident downloading inaterials from an 
electronic textbook. 

4.29 

4.11 

4.63 

4.32 

1.266 

1,467 

1.203 

1.219 

.98 

.87 

.79 

.78 

.00 

.00 

.18 

,16 

Subscale Two: Complex ETSES items 

1 feel confident going to anv page in the electronic 
textbook. 

I feel confident ending or "closing" the electronic 
textbook. 
I feel confident "opening" an electronic textbook. 

I feel confident using the Table of Contents provided 
by the electronic textbook. 

1 feel confident using symbols on the computer screen 
to navigate. 

I feel confident linking to desired screens by clicking. 
I feel confident printing materials located in the 
electronic textbook 

4.82 

5.21 

4.72 

5.04 

1.119 

1.093 

1.250 

1.091 

.63 

.61 

.60 

.53 

.36 

,46 

.31 

.36 

5.04 

5.19 
5.27 

.976 

.991 

.957 

.53 

.37 

.45 

.54 

,64 
,62 
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Post-Treatment Achievement Measure 

After the treatment has concluded, participants will be given a ten item multiple-

choice examine over the material covered (Appendix D). An expert panel, whose 

members have had experience with the subject matter and test construction, were 

canvassed. A post-treatment item analysis was conducted to describe the distribution of 

responses to indiv idual items as proportion correct. Item difficulty (po values or 

proportion of participants who answer the item correctly) was detemiined (Crocker & 

Algina. 1986). As with the enroute task perfomiance measure, proportion correct was 

calculated and compared using MANOVA and univariate ANOVA analyses. 

Leamina Orientation Questionnaire (LOO) 

The underiying utilit} of the LOQ instrument is in the identification of individual 

leaming orientation in order to provide guidance toward development of a successful 

instructional environment, particularh with respect to the design of on-line courses. The 

LOQ (Appendix E) is a proprietary diagnostic instrument developed by Martinez (1997) 

for the stated purposes of identifying leamer orientation, adapting instruction on the basis 

of the leamer orientation attribute, and encouraging more intentional performance on the 

part of the leamer. The 45-item Likert-t}pe LOQ instmment used a scale from 1 (very 

uncharacteristic of me) to 7 (ver} characteristic of me). Items were categorized into three 

attributes (subscales). which are (1) self-mofivation (conative and affecfive), (2) effort, 

and (3) autonomy (independence). These three subscales are combined to produce a 

leaming orientation score that is interpreted as values along a continuum. The LOQ 

instmment used in this stud} was supplied by Martinez with permission for use on a fee-

free basis, but restricted to use in an academic research setting and with a 100-subject 

limit which was graciously extend to accommodate additional participants to the initial 

design. A shorter version is available on-line (http://www.trainingplace,coin). The 

proprietary algorithm for evaluating the data collected by the LOQ instrument was not 

available for this study, but calculation of the Learning Orientation statistic for each 

participant was provided the Martinez. 
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Table 3.6 provides a description of the four leaming orientations and their 

respective LOQ derived ranges. 

Table 3.6. Leaming Orientation and LO Score Range. 

Learning Orientation LO Score Range 
Resistant Learner: Lacking a fundamental belief that academic learning 
can help achieve personal goals or initiate positive change. LO < 3.5 

Conforming Learner: Less successful online leamers who prefer highly 
structured learning environments. 3.5<LO<4.6 

Performing Learner: Typically self-motivated and self-directed only in 
areas that they value. Otherwise reliance on is directed toward extemal 45 < LQ < 5.6 
support. 

Transforming Learner: Likely possess sophisticated online leaming 
skills, are highlv self-motivated, self-directed, self-assessed and -- " "̂ ^ 
independent. ^ 

Source: Jones and Martinez. "Leaming orientations in university Web-based courses." 
2001. 

The LOQ was administered on-line as part of the registration process for 

participation in the study (Figure 3.2). The on-line survey instrument ufilized ASP 

technology and Acomsolutions. Inc hosted data collection. Data collected by the on-line 

survey was committed directly to a Microsoft Access database, and ODBC drivers were 

used to connect the data to a Microsoft Excel spreadsheet eliminating the need to re-key 

or import data, and also permitted instantaneous updating of resuUs as the students 

completed the on-line LOQ. 
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Figure 3.2. Screen Shot of the On-line Leaming Orientation Questionnaire. 

Assessing Interrelationships 

Multi\ ariate (MANOVA) analysis was used. Independent variables were the 

leaming orientation groups and gender within the two treatments. Univariate ANOVAs 

were conducted to define relationships for variables demonstrafing significant between-

subject effects. 

Research Design 

Environmental conditions and research design were uniformly maintained 

throughout the study. Snow (1974) provided several recommendations that should be 

considered with for quasi-experimental designs with leamers as subjects: 

1. Conduct the research in the actual educational setting; 

2. Incorporate environmental variations into the experimental design; 

3. Prepare participants for the experiment; and 
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4. Provide a control treatment allowing the participants to use their own leaming 

strategies. 

Educational Setting 

Computers used in this study were 25 PC-compatible desktop computers 

(Microsoft Windows 2000 operating system) located in the Education Computer Center's 

PC laboratory. The treatments were made available to each student as a resident file on 

an indiv idual CD-ROM that the student opened during the orientation. 

En\ironmental Variations 

The same researcher was present and conducted orientation for all sessions 

following a scripted protocol. During the two sessions, any students arriving late were 

given access to computers in the graduate lab with the same session management 

protocol being followed. Five of the computers had 19" monitors with the remainder 

having 17" monitors. Monitor size affects apparent font size when reading text (as can 

other adjustments). This variable (viewable font size) was not controlled or data 

collected regarding which monitor was used in the study. 

Treatment Designs 

Both electronic textbook treatments met the four criteria suggested by Homey and 

Anderson-lnman (1999) for defining an electronic book: (1) electronic text must be 

presented to the reader visually; (2) software must incorporate a "metaphor of a book" to 

some significant degree; (3) software has an organizing theme or instmctional focus; and 

(4) if other media incorporated in the electronic book, they are secondary to the text. 

Electronic textbook designs. One electronic interface design of the electronic 

textbook used the Intemet Explorer browser interface design (Figures 3.3-3.6). The 

Intemet browser treatment had 25 screens and 29 hyperlinks. The flow diagram and 

primary hyperlinks are presented in Appendix F, Figure F,I. 
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The Intemet browser design allowed linear navigation from the current page to 

the "previous" or "next" page. Some pages had hyperlinks that link to sections providing 

ftirther elaboration of the textual material with retum to the previously viewed page. 

Other navigational aids included a left-hand margin that allowed the user to navigate 

between the Introduction section and the "Basic Concepts" section. Since the format was 

a functional Intemet brow ser. users could also navigate through the text using the 

browser's navigation tools. 

^ T ^ ' ^ ' ^ipwP" ̂ (BS^ 

Proti>lj!p//>ff 

atiiiioin ^Inik 

Instructional 
Multimedia 

Eliljt.-ith Boling 

Thlnk^i^ 

Figure 3.3. Example of the Introductory Screen for the Intemet Browser Interface. 

Source: Excerpted from Misanchuk. Schwier & Boling. Visual design for instructional 

multimedia. 2000. 
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Table of Contents 
introduction 

Getting started 
Why this book? 
Why hypertext? 
Intended audience 

Layout 
Introduction - Layout 
Perception principles 
.Aesthetic principles 
Organizing and grouping 
Simplicity and clarity 
Consistency 
Layout tips 

Graphics 
Introduction - Graphics 
Basic concepts in graphics 
Pros and cons of graphics 
Functions of graphics 
Using graphics 
File types 
File compression 

Animation 
Introduction .Animation 
Basic animation concepts 
Pros and cons of animiation 
Using animation 
Anirr'iation tips 

Figure 3.4. Table of Contents Screen for the Intemet Browser Interface. 

Source: Excerpted from Misanchuk. Schwier & Boling. Visual design for instmctional 
multimedia. 2000. 

Animation 

Introduction 

Basic concepts 

Pro5 and cons 

Using animation 

Animation tips 

To animate something is to give it movement 
or life, so one might argue ttiat animation is a 
useful tool because it can breathe life into 
some instructional applications 

Animation 
But the main reason for usuig animation is 
ttiat It makes things move, and movement 
either increases attention or focuses attention 
on the part of the instruction that is the most 
important B;esearch on motion suggests that 
when a picture presents a visual surpnse, 
viev/ers vnll onent to the surpnse 

p. 1 of 5 "^-'P'^g^M 

Figure 3.5. Content Page Screen for the Intemet Browser Interface with Hyperiink 

(attention). 

Source: Excerpted from Misanchuk. Schwier & Boling. Visual design for instructional 
multimedia. 2000. 
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EiatM)ration Generally speaking, w*en objects or people in pictures move, attention WTU be 
liigher than during segments w t̂h no motion, and research indicates that this begins 
eai-ly in Ife Infants discnminate animate from mai'iimate objects on the basis of 
motion cues by the age of nine months h addition, v/e respond to motion on 
screen in much the same way as we respond to motion in everyday life When 
something in a picture moves toward us, v/e duck, at least mentally 

return 

Figure 3.6. Hvperlinked Elaboration-Page Screen for the Intemet Browser Interface. 

Source: Excerpted from Misanchuk. Schw ier & Boling. Visual design for instmctional 
multimedia. 2000. 

The 3-D Book design metaphor (Figures 3.7-3,9) was developed using FlipAlbum 

B Professional 4,1. commercial software available from (http://wvvyv,flipalbum.com). 

The software features a 3-D page-tlipping interface and allows for images and links. The 

same content and illustrations were mirrored in the 3-D Book interface. The 3-D Book 

treatment (Appendix F. Figure F.2) consisted of 19 screens and 24 primary hyperlinks, 

although any page in the book could be access by the Table of Contents as well as the left 

and right "edge" of the graphical interface which would display the page number. 

Throughout the various sessions this "edge" interface was not observed being used for 

navigation, although it was accessible. 
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Figure 3.7 Example of the Introductory Screen for the 3-D Book Interface. 
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Figure 3.8. Table of Contents (Hyperlinked) Screen for the 3-D Book Interface with Tabs 
(Right Edge) Allowing Access to Content Elaboration. 
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Introduction 

1 0 animate something is to give it movement or life, 
so one might argue that animation is a useful tool 
because it can breathe life into some instructional 
applic ations 

But the main reason for using animation i; that it 
makes things move and movement either increases 
attention or focuses attention (' Click on Tab A ) on 
the part of the mstrjction tfiat i: the most important. 
Flesearch on motion suggests that when a picture 
presents a visual surprise, mewers will onent to the 
surpnse. 

Animation can be a very influential tool for 
manipulating the perception of leamers. In order tC' 
illustrate some concepts, you need motion, and in 
many cases, animating a drawing or object is the 
simplest method of getting a concept across to tlie 
learner 

Building ^ood animation takes time, but it is time well 
invested The credibility^ of youi instruction is related 
to how p)rofe3sionally it is produced, and poorly 
designed and executed animation can undermine the 
leamer's trust of your content 

Bs 

Figure 3.9. Content Page Screen for 3-D Book Interface with "attention Click on Tab A' 
Notification (Navigable Tabs Are Located on the Left and Right "Edges" of the 
Text). 
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Data Collection Phase 

Students were given the option of volunteering to participate and would register 

for a particular session on-line until the session was full (based on the availability of 

computers in the testing lab). While registering on-line registration, participants were 

able to take the Leaming Orientation Questionnaire (Appendix E). Participants were 

identified by a unique number that was their identification throughout the data collection 

phase and identified all instruments to that individual. 

Previous studies with no\ ice leamers with little or no prior knowledge have 

demonstrated that they are positively influenced by an overview of the structure prior to 

engaging in leaming with hypermedia (Shapiro. 2000), During the classroom treatment 

phase, participants were gi\en time (approximately 5 minutes) to explore the randomly 

assigned treatment, i.e.. the Intemet browser or the 3-D book design. 

Instruments used in the data collection phase were the Electronic Textbook Self-

efficacy Scale (ETSES). the Electronic Textbook Attitude Measure (ETAM). the Enroute 

Task (ERT) and the Performance Assessment (PA). The data collection timeline 

representing time required for each component at each treatment session is presented in 

Table 3.7. The only timed component was the reading comprehension and enroute task 

worksheet. 

Table 3.7. Time Required for Components of the Treatment Phase. 

Component Activ ity Time Allotted 

Self-reporting Leaming Orientation Questionnaire (LOQ) On-line 

Orientation to software and treatment interface 5 -10 minutes 

Self-reporting Electronic Textbook Self-efficacy Scale (ETSES) 5 minutes 

Reading Comprehension and Enroute Task Worksheet [Timed] 15 minutes 

Self-reporting Electronic Textbook Attitude Measure (ETAM) 15-20 minutes 

Post-treatment Performance Assessment 5 -10 minutes 

Total Treatment Time: 45 - 60 minutes 
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At the start of the session participants were given ten minutes to accomplish three 

tasks: (1) insert the CD-ROM into the PC; (2) open the file containing the electronic 

textbook: and (3) explore the electronic textbook. 

The tasks chosen for this portion of the study were information retrieval and 

reading comprehension regarding basic concepts of using animation in multimedia and 

retrieval of information. The content was presented by either the Intemet browser 

interface or the 3-D book interface with both treatments delivered on a CD-ROM. 

Reading comprehension of hypertext in a computer-mediated environment 

depends on efficient use of cognitive resources (Hartley. 2001). Each treatment was 

composed of an approximate, but not equal number of screens. During treatment 

development a conscious effort was made to present the same material on the same 

number of screens, although some adjustments were needed during the actual production 

stage. During the timed "reading-search" enroute task participants were randomly 

observed in order to gauge how students interacted with the electronic textbook. 

The timed portion of the treatment (15 minutes) involved the students in tasks of reading 

through the e-text and searching for answers to questions in the Enroute Task instmment 

(Appendix C). At the conclusion of this timed task the participants were required to close 

the electronic textbook and remove the CD-ROM from the computer. Participants were 

then provided the Electronic Textbook Attitude Measure (ETAM), followed by the Post-

Treatment Achievement (PA) assessment. The PA was not available to the participants 

until the ETAM was completed. After completing the PA participants retumed the CD-

ROM and instmments to the researcher. 

Materials 

Content for both treatments was taken from chapter six, "Animation," from the 

electronic textbook (on CD-ROM) Visual Design for Instructional Multimedia 

(Misanchuk et al.. 2000). This chapter was selected on the basis of content difficulty and 

the use of multimedia animation components. The chapter was presented in two sections. 

The "Introduction" provided the reader with information relative to the use of animation 
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in education. The "Basic Concepts" section provided technical information regarding 

various aspects of animation production and identified technical terminology used in the 

field. One published review of this electronic textbook concluded that chapter six was 

one of the more stronglj- written in terms of examples and concise summary of research 

(Grabinger. 2000). 

Chapter Summary 

A goal of this stud} was to explore and expand understanding of leamer self-

efficacy beliefs and attitudes within the context of two interface design metaphors for an 

electronic textbook, an Intemet Explorer browser and a 3-D book representation. The 

studv also evaluates the Leaming Orientation Model (Martinez & Bunderson. 2000) and 

its application to leamer outcomes. self-efficac>, and attitudes toward computers and 

electronic textbooks. 

This section describes the various data collection procedures and statistical 

analyses utilized in the study. Treatments for this study were two design metaphors of an 

electronic textbook and independent variables are the two dominant leaming orientations 

as determined by the Leaming Orientation Questionnaire (Martinez, 1999). The three 

dependent variables were leamer attitudes toward an electronic textbook (using two 

different design metaphors), enroute task performance, and post-treatment task 

performance. 

The instruments developed for the study were the Electronic Textbook Attitude 

Measure (ETAM). the Electronic Te.xtbook Self-Efficacy Scale (ETSES), the Enroute 

Task (ERT). and the Post-treatment Assessment (PA). The treatments were the Intemet 

Browser and 3-D Book interface designs. Both designs contain identical content 

although identifiable variation existed in the number of screens and the number (and 

form) of hyperlinks. 
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CHAPTER IV 

RESULTS 

A goal of the study was to provide guidance for further research into interface 

design features that would promote increased positive conative characteristics (such as 

leamer satisfaction) and cognitive benefits for leamers operating within the electronic 

textbook environment. Within framework of two design metaphors for an electronic 

textbook participants were sur\ e\ ed for attitudes and self-efficacy beliefs. Participants 

v\ere engaged in ecologically valid tasks (text reading and information retrieval) and 

post-treatment achievement was assessed. 

The study focused on comparison of leamer leaming orientations and self-

efficacy beliefs relative to leamer attitudes, enroute task completion and performance, 

and post-treatment achievement. The leaming orientation construct is concemed with the 

conative. affective and social aspects of how an individual leams, rather than focusing on 

cogitative constmcts (Martinez. 1999: Martinez & Bunderson, 2000). An objective of 

this studv was to test whether the leaming orientation construct could be useful as a 

diagnostic tool for determining leamer preference for a particular electronic textbook 

design interface. Another objective of was to explore the relationship of leamer self-

efficacy beliefs and attitudes within the context of two interface design metaphors for an 

electronic textbook, an Intemet Explorer browser and a 3-D book representation. 

Treatments for this studv were two design metaphors of an electronic textbook 

and the independent variables used are the two dominant leaming orientafions as 

determined by the Leaming Orientation Questionnaire (Martinez, 1999) and gender. The 

three dependent variables assessed were leamer attitudes toward an electronic textbook 

(using two different design metaphors), enroute task perfomiance. and post-treatment 

task performance. The instmments developed for the study were the Electronic Textbook 

Attitude Measure (ETAM). the Electronic Textbook Self-Efficacy Scale (ETSES). the 

Enroute Task (ERT), and the Post-treatment Assessment (PA). 
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Descriptive Statistics 

This quasi-experimental study was conducted during the first temi (n= 47) and 

second term (n = 63) 2002 academic summer sessions. The study utilized a convenience 

sampling protocol with random assignment. The target population was undergraduate 

university students taking an introductorv computer applications course. The course is 

offered each academic term through the College of Education. 

Participant Population 

Data collection occurred over six treatment sessions representing a timeframe 

from June 16 to August 5. 2002. The two June sessions represented students enrolled in 

the first summer term of an introductory course on computers and technology. The July 

and August sessions (four) represented students enrolled in the second summer term of 

the same course. The same textbooks and content were covered in both offerings. 

Different instructors were responsible for each academic term. However, the instructor 

for the second term also participated in the planning, placement of the survey instmment 

(Leaming Orientation Questionnaire) on-line, and volunteer enrollment in the study for 

both summer terms 

The study population (N = 110) was heavily represented by students at the 

beginning of their college career, which is indicated by the large proportion of freshman 

(71.8%) registering for the summer term, and compared to the number of sophomores 

(6.4%). juniors (8,2%). and seniors (13.6%) in the study populafion. This observafion was 

also reflected in the age distribution pattem with 73.6% of the sample population falling 

within the age bracket of 17 to 19 vears. Participants were randomly assigned in equal 

proportions (n = 55) to one of two treatment conditions (Intemet Explorer browser 

interface design or 3-D Book interface design) and the sampling was non proportional 

stratified in the sense that the random selection of male and female students was 

continued until the numbers of each gender were adequately represented. This approach 

allows the researcher to make generalizations for each gender, but does not allow for 

generalization of the study populafion (Gall et al., 1996). 
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Novice nature of the study's population. Other background information obtained 

for the test population included access to the Internet and WWW, as well as. prior 

experience with electronic textbooks. All participants identified Intemet access from 

either home or school with 86,4% indicating Internet access from mulfiple locations. 

This information suggests that all participants had some operational acquaintance with 

the world-wide web (WWW) and therefore, a WWW graphical user interface (either 

Intemet Explorer or Netscape). This assumption was also reasonable since the 

introductory course on computers and technology requires students to do a variety of 

projects on the Intemet (e.g.. e-mail) and the WWW (e.g., accessing URLs to search for 

specific information). In response to the survey question regarding prior experience with 

an electronic textbook 72.7°/'o indicated that they had no prior experience. 12,7% had one 

prior experience using an electronic textbook, and only 14.5% indicated that they had 

used an electronic textbook more than once. It would appear that approximatelv S5% of 

the sample population would be considered novice electronic textbook users. 

Studv Results 

Leaming Orientations of the Study Population 

Martinez and Bunderson (2000) suggested that research designs differentiate the 

test population by leaming orientation as a prelude to analyzing results. The leaming 

orientation construct is a continuum of Likert-type values. The leaming orientation 

distribution for the test population is shown in Figure 4,1. In personal communication 

Martinez (2002) noted that the distribution pattem showing a higher number of 

Conforming and Resistant leaming orientations that appears atypical of students at the 

university level. The primary leaming orientations were dominated by the Performing 

and Conforming categories. The decision was made to divide the upper half of the 

continuum from the lower half creating two groupings of leaming orientations. The two 

groups are Transforming-Performing (T-P) and Conforming-Resistant (C-R). The 

commonality with the T-P classification is that it more closely associates a portion of the 

continuum where leamers exhibit varying degrees of self-motivation and intentional 
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performance in leaming environments. The C-R grouping represents leamers that look 

for more structured env ironments typically involving more extemal stimuli to achieve an 

intentional leaming perfonnance. 

Learning Orientation 

Figure 4.1. Leaming Orientation Distribution of the Studv Population. 

Initially, the impact of balancing the two groups was considered since these 

classifications are based on a continuous scale such a grouping of the higher half of the 

scale into the T-P grouping (njp = 62) and the lower half of the scale into the C-R group 

(ncR = 48). Because the T-P group had fourteen more members than the C-R group, the 

lowest seven scores of the T-P group were added to the C-R group. However, when 

comparing this grouping with a grouping based on the initial T-P/C-R classification 

(Figure 4.2). no difference is statisfical significance was noted in either MANOVA or 

ANOVA analyses. One exception was the PAcorr variable (proportion correct on the 
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post-treatment achievement instrument) went from significance at p = .049 to being non

significant at p = .054. 

Self-Efficacv 

The two self-efficacv' subscales identified for the ETSES vv ere examined for 

distribution frequencies. For the Likert-type scale, a self-reported v alue of 1 represents 

the least confidence and a value of 6 represents the most confidence. The SESl sub-scale 

representing manipulating downloads and multimedia files in an electronic textbook 

demonstrated the distribution shown in Figure 4.2. The SES2 subscale representing 

confidence for navigation and performing operations relative to the functionality of the 

electronic textbook demonstrated the distribution shown in Figure 4.3. 

Std. Dev= 1.15 

Mean = 4.34 

N = 110.00 

1.00 150 2,00 2.50 3 00 3.50 4 00 4.50 5 00 5 50 6.00 

SESl 

Fi"ure 4.2. Distribution of Likert-type Scale Values for the Self-efficacy Subscale SESl 
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std Dev = .80 

Mean = 5 04 

N = 110.00 

2.00 2 50 3 00 3 50 4 00 4 50 5 00 5 50 6.00 
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SES2 

Figure 4.3. Distribution of Likert-type Scale Values for the Self-efficacy Subscale SES2. 

As previously reported in the development and validation of the ETSES 

instmment. the SESl subscale was assumed to represent a tmer picture of a self-efficacy 

construct. Greater than the median value (> 4,50) for the SESl subscale was designated 

as the demarcation for participants having a higher self-efficacy with regard to items 

represented by the subscale. Participants w ith a lower self-efficacy were identified with a 

scale vale < 4.5. The SESl subscale was treated as an independent variable. The SES2 

subscale however, which represented an aggregate of complex items demonstrating 

possible interactions w ith other variables within the study, was treated as a dependent 

variable. 

Electronic Textbook Attitude Measure (ETAM) 

The Electronic Textbook Attitude Measure (ETAM) (Appendix A.l) was derived 

from a computer attitude instmment developed by Ertmer et al. (1994). This study 

focused on defining attitude items as subscales addressing feelings and opinions of users 
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to the electronic textbook experience rather than focusing on individual tasks. The 

ETAMemot subscale consisted of fiv e items reflecting the user's feelings about the 

electronic textbook experience. ETAMeval was distinctly different from ETAMemot. 

Items in this subscale reflected user opinions on functionality relative to the electronic 

textbook. The subscale ETAM2 were items that were possibly the result of complex 

inputs. It was determined, however, to treat this group of items as one subscale 

considering the possibilitv that v arying attitudes could be impacted by the treatments, 

leaming orientation, or gender of the test population. 

Multivariate analysis. The three dependent variables (ETAMemot. ETAMeval. 

and ETAM2) were analyzed in a 2 X 2 X 2 factorial MANOVA to determine the effect of 

treatment, gender, and leaming orientation. Results of the MANOVA and univariate 

ANOVAs are reported in Table 4.1. A significant difference w as found with the 

combined factor Treatment*Leaming orientation. Wilks' X = .908. F (3. 110) = 3.360, p < 

.05. The multivariate r|- based on Wilks' /. was a moderate strength .092. Analysis of 

univariate ANOVAs were conducted on each dependent variable as a follow-up test to 

the MANOVA, The ANOVAs were each tested at the .05 level. The attitude subscale 

ETAMeval vvas significant at F (1.110) = 8.981. p < .01. ri" =.081, while the complex 

attitude subscale ETAM2 was significant at F (1,110) = 5.295, p < .05. r|- = .049. 

Univariate ANOVA analvsis also indicated significance with respect to ETAM2 subscale 

and the combined interaction Treatment*Gender. F (1.110) = 4.529, p < .05, TI" = .043 

Table 4,2 presents the means and the standard deviation for the dependent 

V ariables ETAMeval and ETAM2 relative to leaming orientation and treatment and the 

dependent variable ETAM2 relative the gender and treatment. 

For the ETAMeval variable the Transforming-Performing group demonstrated a 

more favorable opinion of the electronic textbook experience using the Intemet Browser 

interface over the 3-D Book interface by a difference between means of 0.414, t (30) = 

2.74. p < .05. By contrast the Conforming-Resistant group demonstrated a favorable 

attitude for the 3-D Book over the Intemet Browser by a difference between means of 

.556. t (23) = 3.23. p < .01. The ETAMeval variable reflects the participant's favorable 



opinion towai'd items dealing with the application and usability of the electronic 

textbook. 

The same trend holds for the attitude subscale ETAM2 where the Transforming-

Perfomiing group was more favorable toward the Intemet browser interface by a 

difference between means of .536. t (30) = 3.912. p < .001. The Conforming-Resistant 

group did not statistically favor the 3-D Book interface for the electronic textbook for this 

attitude variable. 

With respect to the Treatment*Gender factor and the ETAM2 attitude variable, 

males had a more positive opinion of the Intemet Browser interface over the 3-D Book 

interface by a difference between the means of .495. t (26) = 3.300. p < .01. For females, 

the attitude composite represented by the ETAM2 subscale toward the two interface 

designs vvas not significant. 
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Table 4.1. Mulfivariate and Univariate Analysis of Variance for Attitude Subscales. 

Factor 

Multivariate Univariate 

Wilk's X ETAMemot ETAMeval ETAM2 

Treatment 

Leaming 
Orientalion 

.%5 

.989 

1,208 

,377 

.560 

.013 

.247 

.365 .1 JS 

Gender .960 

Treatment 1 earning 
Orientation .908 

Treatment 
Gender .951 

Gender 
Leaming 
Orientation .997 

Treatment 
Gender 
Leaming 
Orientation 956 

1.385 

3.360* 

1.713 

.092 

2.748 

3.683 

.024 

.036 

.016 

3.385 .050 

8.981** 5.295* 

.299 

.085 

,605 

4.529* 

.059 

.000 

F.rror 1.058 .705 .584 

MANOVA Design: Treatment + Leaming Orientation + Gender + Treatment/Learning Orientation + 
Treatrnent'Gender - Leaming Orientation Gender + Treatmenl'Leaming Orientation/Gender. 

'Multivariate d l = 3.110. Univariate Fs v\ere obtained using SPSS General Linear Model type III Sum of 
Squares,''Univariate df= I. 110. 

*2<.05. **g< .01. 
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Table 4.2. Descriptive Statistics for Attitude Subscales and Independent Variables. 

Descriptive Statistics for Combined Categorical Factors Treatment and Leaming Orientation Compared 
with Attitude Variables ETAMeval and ETAM2, 

ETAMeval ETAM2 

Treatment 

3-D Book 

Intemet Browser 

Leaming 
Orientation 

Transfomiing-
Perfonning 
Conforming-
Resistant 

Transforming-
Perfonning 
Conforming-
Resistant 

Mean 

4.382 

4.785 

4.796 

4.229 

Std. Dev. 

.9634 

.6621 

.8241 

.8775 

N 

31 

24 

31 

24 

Mean 

3.790 

4.200 

4.326 

4.029 

Std. Dev. 

.8522 

.6666 

.8378 

.6649 

N 

31 

24 

31 

24 

Descriptive Statistics for Combined Categorical Variables Gender and Treatment and the Attitude 
Variable ETAM2 

Gender Treatment Mean Standard Deviation N 

Male 

Female 

3-D Book 

Intemet Browser 

3-D Book 

Intemet Browser 

3.821 

4.316 

4.167 

4.039 

.7063 

.8794 

.8452 

.6356 

27 

27 

28 

28 

Mean values represent the Likert-type scale for the ETAM instrument. The higher the mean value the more 
favorable was the attitude measure for the subscale (I = strongly negative; 6 = strongly positive). 

Semantic Differential. The semantic differential scale allows participants to 

express an attitude toward the two electronic textbook interface designs (3-D Book and 

Intemet Browser) by choosing a point on a Likert-type scale between a pair of antonyms. 

The antonyms focus on dimensions of evaluative judgment, for example the "good - bad" 

antonyms were evaluated along dichotomized scale that went from "very good" (1) to 

"ver>' bad" (7) in response to the question "I feel that the experience of using the 

electronic textbook is..." Antonym pairs can be analyzed individually (Cohen & 

Swerdlik. 2002). 

MANOVA analysis of the dependent variables (that is, each antonym pair) 

demonstrated significance only for the combined factor Leaming Orientation/Gender, 
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Wilk's X = .804. F (3.110) = 2.261. E = ,021. ii" = .196. Univariate ANOVA analyses for 

each of the dependent variables compared with factors Treatment. Leaming Orientation, 

and Gender further identified antonym pairs that were significant, which are presented in 

Table 4,3. 

Table 4.3. Univariate Analysis of Variance for Semantic Differential Antonvm Pairs. 

Source 
Dependent 
Variable F ( l , 110) 

Partial 
Sig. r|" 

Treatment Leaming 
Orientation 

Treatment Gender 

Good (D-Bad (7) 

Calm (D-Tense (7) 

Calm (D-Tense (7) 

1.965 

6.876 

6.187 

.001 .105 

.010 .063 

.014 .057 

Leamins Orientation Gender Good (11 - Bad (7) 7.855 .006 .072 

Box plots were used to v isually demonstrate the differences found significant in 

the ANOVA analyses reported in Table 4,3, Box plots for the Good (1) Bad (7) 

antonym pair are shown in Figures 4,4 and 4.5, 

The partial Eta-squared value indicates that approximately 10.5% of the variance 

in the response to the Good-Bad antonym pair resulted from the combined factor 

Treatment/Leaming Orientation. Examination of the box plot (Figure 4.4) shows a 

preference (that is. the mean and distribution are trending toward the Good portion of the 

scale) demonstrating a more favorable attitude for the Intemet Browser interface design 

on the part of the Transforming-Performing group over the 3-D Book design interface. 

Also, a more negative trend toward a "Bad" experience is demonstrated for the 3-D Book 

design by this same group. By comparison the Conforming-Resistant group tended to be 

more positive in their evaluation of the 3-D Book interface design and less positive for 

the Intemet Browser design. 
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Figure 4,4, Box Plot Showing Variation in Attitudes Toward the Good-Bad 
Antonym Pair Compared bv Treatment and Leaming Orientation, 

Gender differences are less apparent from the box plot beyond the observation 

that females in the Conforming-Resistant group were more tightly clustered around the 

"Good" response to the electronic textbook experience and the males in that grouping 

reported a more neutral to negative experience (Figure 4,5). 
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Figure 4.5 Box Plot Showing Variation in Attitudes Toward the Good-Bad Antonym 
Pair Compared bv Gender and Leaming Orientation. 

Box plots for the Calm (1) Tense (7) antonym pair are shown in Figures 4.6 and 

4,7. The Transforming-Perfomiing leaming orientation grouping reflected the more 

favorable "Calm" antonym to express their attitude toward the Intemet Browser interface 

design over the 3-D Book interface (Figure 4.6). With respect to gender differences and 

electronic textbook interface the female grouping reported a "Calm" experience for the 

Intemet Browser compared to a more negative response trending toward "Tense" for the 

3-D Book interface design (Figure 4,7). 
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Figure 4.6. Box Plot Showing Variation in Attitudes toward the Calm-Tense Antonym 
Pair Compared by Treatment and Leaming Orientation. 
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Figure 4,7. Box Plot Showing Variation in Attitudes Toward the Calm-Tense Antonym 
Pair Compared bv Treatment and Gender. 

Forced Comparisons. A section of the ETAM was design to elicit responses 

based on the strength of negative and positive attitudes toward the electronic textbook 

experience relative to attitudes toward the printed textbook used in the course. The 

percentages of positive responses to this section of the survev' are provided in Table 4.4 

along with the option choice. Table 4.4 suggests that approximately a third of the study 

population strongly prefers the printed textbook and approximately one-third strongly 

prefers the electronic version. The remaining third may shift preference from the printed 

textbook to the electronic textbook based on some other perceived value criterion. 
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Table 4.4. Responses to Items in the Forced Comparison Survey. 

Question: Giv en the choice between having the textbook for this class in its current 
printed form or having the textbook in ONLY an electronic form (either CD-ROM or 
via the Internet)... 
Response Options: Percent 

(%) 
I prefer having the textbook for this course in printed form. 68.2 
I prefer having the textbook for this course in electronic form. 31.8 

Question: If the printed textbook for this course cost in excess of $100, but the 
electronic version cost less than $25. then... 
Response Options: Percent 

(%) 
I would still prefer having the textbook in printed form. 30.9 
I would prefer having the electronic version instead. 69.1 

Question: If the textbook contained problems or diagrams that could be better 
understood using 3-D animation, then.... 
Response Options: Percent 

(%) 
I would still prefer hav ing the textbook in printed form with static ^^ ^ 
drawings and illustrations. 
I would prefer having the electronic version w here the problems or ^^^ 
diagrams could be shown in 3-D or interactive animations. 

Question: If the printed textbook used URLs to direct the reader to sites on the World 
Wide Web that contained more information about a topic, then... 
Response Options: Percent 

(%) 
I would still prefer having the textbook in printed form and access the ^^ ^ 
URL on the WWW when convenient. 
I w ould prefer having the electronic version in which I could click ^^j 
on the URL and go immediately to the Web site. 
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Self-Efficacy as a Dependent Variable. 

Self-efficacy theorv- requires that instrument items reflect different facets of the 

domain. When the novice user is exposed to a new environment, self-confidence may be 

impacted by the treatment or other variable (controlled or not) integral to the study, i.e.. 

some items mav reflect influences outside of the self efficacy construct. The dependent 

subscale (SES2) was analyzed using univariate ANOVA to detennine the effect of 

treatment, gender and leaming orientation. A significant interaction was found for 

leaming orientation onh. For leaning orientation the self efficacy subscale SES2 was F 

(1.110)= 10.193,E = .002,r|- = .091. 

Means and standard deviations are presented in Table 4,5. The SES2 grouping 

subscale represents self-confidence when navigating the electronic textbook. These 

results reflect the differences in confidence expressed by the two leaming orientation 

groups. Statistics for the T-P group were M = 5.25, SD = 0.623. N = 62 and C-R group 

were M = •^•77. SD = 0.921. N = 48. The mean difference between the groups was 0.473. 

t (47) = 4.185. p < .001. with the T-P group having a more confidence with the navigafion 

related items that compose the SES2 subscale. 

Table 4,5. Descriptive Statistics for the Self-Efficacy Subscale SES2 and Leaming 
Orientation. 

SES2 

Leaming Orientation Mean Std. Dev. N 

Transforming-Performing (T-P) 5.247 .6231 62 

Conforming-Resistant (C-R) 4.774 .9210 48 

Mean values represent the Likert-type scale (values ranging from I to 6) for the SES2 subscale of the 
ETSES instrument. The higher the mean value the more self-confidence expressed for the construct 
measure. 
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Self-Efficacy and Attitude. 

The SES 1 subscale was treated as an independent variable in multivariate 

MANOVA with the independent variables gender, treatment and leaming orientation, and 

with univariate ANOVAs, Univariate ANOVA analysis indicated that the SESl factor 

vvas significant only with respect to the ETAM2 variable. F (1,110) = 5.241, p < .05, T]- = 

.049. Statistics for the SESl High group were M = 4.280. SD = 0.797, N = 50 and SESILOU 

group were M = 3.918. SD = 0..753. N = 60. The mean difference between the groups 

was 0.362. t (49) = 3.32. p < .01. with the group having a more confidence with the 

manipulation of downloads and multimedia demonstrating a more favorable attitude 

toward the complex items represented by the ETAM2 subscale. 

Enroute Task and Post-Treatment Assessment 

The Enroute Task required the participants to navigate through the content and 

search for information required for complefing ten (fiU-in-the-blank) quesfions 

(Appendix C). Data was recorded on the proportion completed (ERTcom) and the 

proportion of the task that was completed correctly (ERTcorr). The Post-treatment 

Assessment (Appendix D) consisted often multiple-choice questions. 

A 2 X 2 X 2 factorial analvsis (MANOVA) was calculated for the three dependent 

variables. Results are presented in Table 4.6. MANOVA analysis demonstrated that 

only Treatment exhibited a significant interaction. A follow-up ANOVA was conducted 

for with the dependent variable proportion correct (PAcorr) the only dependent variable 

significant for Treatment. Marginal significance was found between treatments, i.e.. the 

Intemet browser and 3-D book interface designs, when comparing the proportion correct 

on the Post-treatment Assessment (PAcorr variable). F (1.110) = 3.955, p = .049, r|" = 

.037. Descriptive statistics for the three dependent variables are shown in Table 4.9. 

Statisfics for PAcorr with the 3-D Book treatment were M = .560. SD = 0.2060, N = 55. 

and for the Intemet Browser treatment M = .487. SD = 0.1856, N = 55 with a mean 

difference of 0.073 representing more correct responses on the post-treatment assessment 

for those using the 3-D Book interface design for the electronic textbook. It is also 

interesting to note that for the enroute task that required reading and searching, users of 
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the electronic textbook with the Internet browser had higher means for both the 

completion task and the proportion correct (though not statistically significant). 

Table 4.6. Multivariate and Univariate Analysis of Variance forV ariables ERTcom, 
ERTcorr, and PAcorr. 

Multivariate Univariate 

Factor W ilk's X ERTcom ERTcorr PAcorr 

Treatment .920 

Leaming 
Orientation .986 

Gender .985 

Treatment Learning 
Orientation ,975 

Treatment' 
Gender .964 

Gender' 
Leaming 
Orientation .982 

Treatment 
Gender 
Leaming 
Orientation 964 

''2.887 

.476 

.525 

.856 

1.227 

.615 

1,227 

2.268 

.049 

.774 

.268 

.849 

.548 

.040 

.349 

.794 

2.387 

200 

.577 

109 

*3.955 

.071 

.256 

.001 

2.533 

.669 

.958 

Error 4.142 3.986 

MANOVA Design: Treatment + Leaming Orientation + Gender + Treatment/Leaming Orientation + 
Treatment/Gender + Leaming Orientation/Gender + Treatment/Leaming Orientation/Gender. 

^Multivariate d£= 3.110. Univariate Fs were obtained using SPSS General Linear Model type III Sum of 
Squares. ''Univariate df = 1, 110. 

*P<.05. 
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Table 4.7. Descriptive Statistics for Enroute Task Completion (ERTcom). Enroute 
Task CoiTcct (ERTcorr). and Post-Treatment Assessment Correct (PAcorr) for 
Treatment. 

Treatment 

3-D Book 

Intemet Browser 

ERTcom 

Mean 

.845 

.904 

Std. 
Dev 

.1942 

.1655 

ERTcorr 

Mean 

.720 

.751 

Std. 
Dev. 

.2181 

.1855 

PAcorr 

Mean 

.560 

,487 

Std. 
Dev. 

.2060 

.1856 

N 

55 

55 

Means represent the proportion completed (ERTcom). the proportion completed correctly (ERTcorr). and 
proportion of correct answers (PAcorr), 

Item Analysis. Close examination of the item analysis (Table 4.8) shows that 

some of the items showed similar values in the proportion correct, whereas other 

demonstrated considerable range in values: For example, items 1 (R = .327) and 8 (R = 

.200) have the greatest range in proportion correct between the two interface designs, 

w hereas other items have less range betw een the two treatments. Recognizing the 

randomness among the subjects could account for these results, it is also a possibility that 

a bias was introduced regarding the where the information was located on the electronic 

textbook, i.e.. making the information required for a correct response more easily 

obtained from reading the 3-D Book interface design than it was for the Intemet Browser 

interface design. 

Both interfaces were examined regarding location of content relative to the items 

with the greatest range, items 1 and 8. For item 1 the informafion was found on Screen 3 

(Appendices F and G) for both treatments and in approximately the same location, i.e., 

both treatment screens have the information in the second paragraph. The only difference 

was the treatment interface. Item 8 information occurs twice in the text. The first time 

item occurs is Screen 4 for the 3-D book and Screen 5 for the Intemet browser. The 

second time that the information is repeated for item 8 occurs at Tab C. Screen 12 for the 

3-D book interface and Elaboration "Frame based," Screen 16 for the Intemet browser 
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(Appendices F and G). Neither instance demonstrates a clear bias in accessing the 

information. 

Table 4.8. Proportion Con-ect Responses to Post-Treatment Assessment. 

Post-Treatment .Assessment Questions 
Proportion (p„) Answered Conectl) 

Interface Gender n I 2 
Average 

9 10 (p) 

Male 27 .593 .593 .741 .407 .778 .852 .407 .370 .630 .630 .60(1 

3-D Book Female 28 .643 .679 .643 .393 .464 .607 .500 .393 .464 .607 .539 

Intemet 
Brow ser 

Male 27 .296 .704 .556 .296 .703 .556 .333 .185 .370 .667 .467 

Female .286 .429 .643 .500 .679 .821 .429 179 .464 .607 .504 

3-D Book Combined 55 .618 .636 .691 .40(1 .618 .727 .450 .382 .545 .618 .569 

Intemet 
Browser Combined 55 .291 .564 .600 .400 .691 .691 .382 .182 .418 .636 .486 

Hypotheses Tested 

The following summarv examines the preceding analyses relative to the null 

hypotheses generated for this study. 

Hoi: There is no significant difference with respect to different leaminR 

orientations on the attitudes of leamers participating in instruction using different 

electronic textbook design interfaces. Reject the null hypothesis. Multivariate analysis 

(Table 4.1) did not demonstrate any interaction with respect to leaming orientation on the 

three subscales of the attitude measure. However Treatment* Leaming Orientation 

demonstrated a significant interaction. Univariate ANOVAs (Table 4.2) indicated that 

the ETAMeval subscale, which represented user attitudes toward items reflecting the 

application and usability of the electronic textbook, was influenced by the independent 
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variable Learning Orientation*Treatment. The Transforming-Performing (T-P) group 

demonstrated a more favorable opinion of the electronic textbook experience with the 

Intemet Browser interface over the 3-D Book interface. Conversely, the Conforming-

Resistant (C-R) group had a more favorable attitude for the 3-D Book interface design. 

The same relationship was demonstrated for the aggregate attitude variable designated 

ETAM2. The attitudes generated by this grouping also showed a more favorable attitude 

by the T-P group toward the Intemet Browser interface over the 3-D Book interface. 

However, for this subscale the C-R group did not demonstrate a significant difference. 

A Leaming Orientation*Treatment effect was observed with the semantic 

differential attitude measure. The Good-Bad antonym pair and Calm Tense antonym pair 

indicated a significantly more favorable attitude bv the T-P group for the Intemet 

Browser interface and a significantly more favorable attitude by the C-R group for the 3-

D Book interface, 

H02: There is no significant difference with respect to different leaming 

orientations on enroute task performance and post-treatment achievement of leamers 

using different electronic textbook design interfaces. Accept the null hypothesis. There 

was no significant effect of leaming orientations on enroute task performance or post-

treatment achievement of leamers (Table 4.1). This result was surprising in that the 

leaming orientation construct has been predictive of learner performance in on-line 

instmctional environments (Martinez & Bunderson. 2000). 

Hoy. There is no significant difference in attitudes of leamers participating in 

instmction using as specific electronic textbook design interface. Accept the null 

hypothesis. There was no significant interaction between electronic textbook interface 

designs on user attitudes. 

HOJ: There is no significant difference in enroute task performance and post-

treatment achievement of leamers participating in instruction using as specific electronic 

textbook design interface. Accept the null hypothesis for sub-hypothesis stating that 

there is no significant difference in enroute task performance of leamers using a specific 

electronic textbook design interface. Reject the null hypothesis for the sub-hypothesis 
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stating that there is no significant difference in post-treatment achievement. The effect 

for treatment and the proportion correct on the post-treatment achievement was 

significant at p < .05 (Table 4.6). Analyses demonstrated that participants using the 3-D 

Book interface had a significantly higher proportion correct as compare to users of the 

Intemet Browser. 

HOS: There is no significant difference with respect to leamer self-efficacv beliefs 

on attitude using different electronic textbook design interfaces. Accept the null 

hv'potheses for the sub-hvpotheses for the effect of the self-efficacy sub-scale reflecting 

confidence for manipulating downloads and multimedia in an electronic textbook on the 

attitude subscale measures representing feelings toward an electronic textbook 

(ETAMemot) and attitudes regarding the functionality and usability of an electronic 

textbook (ETAMeval). Reject the null hypothesis for the attitude subscale represented by 

the ETAM2 dependent variable. The affect constmct represented by this variable was 

significant with the SESlHiah group being more favorable than the SES1LO« group. 

Hof,: There is no significant difference with respect to leamer self-efficacy beliefs 

on enroute task performance and post-treatment achievement using different electronic 

textbook design interfaces. Accept the null hypothesis. There was no significant effect 

from the self-efficacy subscale on enroute task performance or post-treatment 

achiev ement using different electronic textbook designs, 

H07: There is no significant interaction between electronic textbook interface 

design, self-efficacv beliefs, gender, and leaming orientations effecting leamer attitudes, 

enroute task performance, and post-treatment achievement. Reject the null hypothesis. 

There are significant effects of Gender*Treatment factor on the ETAM2 aggregate 

subscale for attitude with males demonstrating a more favorable attitude for the Intemet 

Browser interface design over the 3-D Book interface (Table 4.1). However, for females 

the difference in interface design was not significant (Table 4.2). Gender*Treatment 

differences were also significant for the semantic differential antonym pairs Calm-Tense 

and Good-Bad. For the Calm-Tense antonym pair females found the 3-D Book interface 

more "Tense" than the Intemet Browser, with males showing no difference in attitude. 
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For the Good-Bad antonym pair the Leaming Orientation*Gender differences were 

significant with the females of the C-R group indicating a more favorable response to the 

electronic textbook experience than males of the same leaming orientation group. 

Finallv. using the SES2 self-efficacy subscale as a dependent variable. learning 

orientation demonstrated a significant interaction. The T-P group demonstrated 

significantlv higher confidence or attitude toward the SES2 subscale than the C-R group. 

Chapter Summary 

The target population was university students taking an introductory computer 

applications course. The study population (N = 110) was heavily represented by students 

at the beginning of their college career an observation also reflected in the age 

distribution pattem. Information on prior experience with electronic textbooks also 

suggests that this study's population would be considered as being "novice" electronic 

textbook users. The leaming orientation distribution for the study's population shows a 

higher number of Conforming and Resistant leaming orientations that appears atypical of 

students at the university level. 

Leamer attitudes were measured using the ETAM. The first section measured 

participant attitudes based on a list of positive and negative-stated items focused on 

feelings toward the electronic textbook and other items eliciting opinions on the 

functionalitv of the electronic textbook. Only attitudes that expressed opinions regarding 

the functionality of the electronic textbook experience were significant. The T-P leaming 

orientation group demonstrated a more favorable opinion for the applicability and ufility 

of the Intemet Browser interface design over the 3-D Book interface. Conversely, the C-

R group preferred the 3-D Book interface design over the Intemet Browser. The T-P 

group also indicated a more positive attitude toward the functionality of the Intemet 

Browser interface for an electronic textbook. This variable (ETAM2) also was 

significant for males preferring the Intemet Browser design over the 3-D Book design. 

The semantic differential section of the ETAM demonstrated significance for two 

sets of antonym pairs: Good-Bad and Calm-Tense. For both antonym pairs T-P group 
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tended to describe the experience using the electronic textbook with the Intemet Browser 

interface in terms of the Good and Calm adjectives, whereas the 3-D Book interface 

trended toward the Bad and Tense adjectives. The final section of the ETAM was a 

forced comparison survev. The survey suggests that about one-third of the test 

population had a strong preference for printed text only, another one-third had a strong 

preference for the electronic version, and the final third's preference would change given 

price or functionalitv' of the electronic textbook. For the self-efficacy subscale focusing 

primarily on navigation issues there was a significant difference between means showing 

the C-R group had less confidence navigating the electronic textbook regardless of 

interface. 

Marginal significance using univariate ANOVA was found between treatments, 

i.e.. the Intemet browser and 3-D Book interface designs. Participants using the 3-D 

Book interface had more correct responses than those using the Intemet Browser 

interface design for the electronic textbook. 
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CHAPTER V 

DISCUSSION AND RECOMMENDATIONS 

There are indications that leaming orientation, gender, and electronic textbook 

interface designs have significant effects on the attitude variables used in this study. Data 

also suggests that electronic textbook interface design can also impact performance 

outcome among novice users of a specific metaphor used in an electronic textbook 

interface design. 

The study population was unique from a tv pical university population. 

Descriptive population statistics suggest that a majority of students represented in the 

summer terms were at the beginning of their university careers. This assumption is 

supported bv' statistics conceming age and classification: 73,6% of the population was 

between 17-19 years of age and 71.8% were freshman. The study's population also 

would also be considered novice electronic textbook users with 85% indicating no or 

onlv one previous experience with an electronic textbook. Other information supporting 

the novice character of the studv's population came from personal communication with 

the developer of the Leaming Orientation Model (Martinez. 2002). Martinez indicated 

that the study's population had a higher percentage of participants demonstrating 

Conforming and Resistant leaming orientations than the author had previously experience 

with university students. 

Leaming Orientation as a Diagnostic Tool 

The intent of the Intentional Leaming Theory, the Leaming Orientation Model 

and Leaming Orientation constmct is to focus focused on individual emotions and 

intentions with respect to the why. when and how leaming goals are organized, 

processed, and achieved. The Leaming Orientation constmct is concemed with the 

conafive. affective and social aspects of how an individual leams. rather than focusing on 

cogitative constmcts (Martinez. 1999; Martinez & Bunderson. 2000). It was not goal of 

this study to examine the Leaming Orientation Model and the leaming orientation 
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construct in terms of predicting individual performance, but rather to test whether the 

construct could be useful as a diagnostic tool for determining leamer preference for a 

particular electronic textbook design interface. The leaming orientation constmct 

continuum of Likert-type values was partitioned between the leaming orientation group 

identified at Transforming-Performing learners and Conforming-Resistant leamers in 

order to facilitate an evaluation of the constmcts diagnostic abilities. 

From a pragmatic perspective perhaps the most critical criterion (in terms of 

prioritv) of any educational design is whether or not it is used. Researchers have found 

that acceptance of a hypermedia system is increased when the system design has reliable 

information about the needs and desires of potential users (Bidarra, Chambel. & 

Guimaraes, 2000). In focusing on the social, conative and affective aspects of an 

indiv idual's leaming process the leaming orientation construct may find utility as a 

diagnostic of what Reigeluth has termed preferability (Reigeluth, 1999; Reigeluth & 

Frick. 1999). The concept of preferability implies that an instructional program will be 

successfully implemented when a threshold combination of the three variables has been 

achieved. In this environment effectiveness is the degree to which the electronic 

textbook has attained the instrucfional goal. Efficiency evaluates the effectiveness to 

which resources (for example, the user's time) are utilized. Attitude, the enjoyment 

vector, is represented both in terms of the electronic textbook's attractiveness or its ability 

to draw and hold the leamer" s attention, and in terms of appeal, the affective value of 

how "enjoyable" the user finds leaming with the particular instructional-design. This 

threshold of preferability can also be applied to an instructional program that is bounded 

by an expository textbook in print or a digitally mediated one. 

It will be recalled from the previous discussion of leaming orientafions that 

students exhibifing a Conforming leaming orientation generally are less successful on

line leamers because of the preference for highly structured environments (Martinez & 

Bunderson. 2000). The more extreme Resistant leaming orientation indicates a lack of 

belief in the importance of academic leaming and lack of personal motivation toward the 

attainment of academic goals (four participants in the study were indicated as having a 
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Resistant learning orientation). By contrast leamers with Transforming and Performing 

leaming orientations exhibit greater success in less structured leaming environments 

where self-motiv ation and self-directed leaming are needed. In this study Leaming 

Orientation construct successfullv correlated with specific attitude and self-efficacy 

subscales used in this study relative to treatment (3-D Book or Intemet Browser interface 

design) and gender. 

Leaming orientations were analv zed as two groups: Transforming-Performing (T-

P) leamers and Confomiing-Resistant (C-R) leamers. In general the T-P group, although 

considered novice textbook users in this study, had a less favorable attitude toward the 3-

D Book design than the more familiar Intemet Brower interface. The preference of the 

T-P group for the Intemet brow ser could be expected on the basis that the Intemet 

Browser was familiar to the studv's population. One of the assumptions of the study 

(based on survev information) was that all participants were experienced users of the 

Intemet and therefore familiar with the functionalitv of the Intemet Browser interface. 

Research has noted that as the novice user gains experience using a hypertext/hypermedia 

system, the dimension of being "lost-in-hyperspace" diminishes. Leaming accelerates as 

experience with the usabilitv of the process is gained (Rushinek. Rushinek. & Stutz, 

1985). Ford and Chen (2000) also found that prior experience with the coinputer 

mediated interface was related to differences in both navigation behavior and leaming 

performance. The T-P group represents the more successful leaming orientations in a 

digitally mediated (on-line) environment. As users experience in the use of the Intemet 

browser functionality, the T-P group of novice electronic textbook users may prefer the 

familiaritv of the Intemet browser interface. 

In terms of the possible importance of the book "metaphor" in electronic textbook 

interface design the attitude expressed by the C-R group was of interest. The C-R group 

reflects the leaming orientation that is generally less successful in a less stmctured. 

digitally mediated environment. The group's preference for the 3-D book design over the 

Intemet Browser may represent the importance of the "book" metaphor among this 

segment of novice users of an electronic textbook. This observation finds support in the 
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initial research with respect to the types of learning situations preferred by each of the 

leaming orientations (Martinez, 1999). In this study the finding was that C-R leamers 

were more favorable toward the 3-D Book interface may reflect a preference for a 

structured, non-risk environment. The familiarity of the "book" metaphor is one possible 

explanation for the C-R group which requires a more structure leaming environment, and 

may help explain the preference of this interface design over the Intemet browser design. 

Metaphor is a powerful medium that can used to transpose the meaning of one object to 

another (Adriano. Adriano. & Ricarte. 2000). In this digital representation of the book, 

the visual 3-D book functions as an iconic metaphor imitating the appearance of a real 

object (Rozik. 1998). The C-R group may be more comfortable with the perception of 

the iconic metaphor as a "book." as opposed to the Intemet browser, perceive the iconic 

metaphor as being a "book." 

A recent study in which a librarv' metaphor was used to allow novice leamers to 

search a hypertext database was bounded by the assumption that the leamers would be 

more adept in locating information (Last et al.. 2001). Last and associates found that the 

lack of search tools and resources that exist in the real library led to frustration on part of 

the users. In contrast one of the advantages that the C-R group experienced with the 3-D 

book metaphor was that the 3-D book interface functioned similar to a real book. The 

user was able to tum pages and even skip to tabbed sections. Although the "page 

turning" and "page skipping" activities were in effect hyperlinks within the 3-D book 

interface design, the appearance was a reasonable representation of interactivity with a 

printed textbook. 

It is interesting that Duchastel (1986) argued that computerized text actually 

limits the range of reading strategies available to individual readers. With printed text, he 

argues, a reader can go literally any where in the textbook, whereas within a hypertext 

environment progression is bounded by nodes (pages separated from each other) and the 

links between them. It is possible that use of a particular metaphor in an electronic 

textbook interface design, e.g., a 3-D book metaphor, could also "restrict" strategies 

employed by a segment of users. 
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Leaming Orientation and Self-Efficacv 

Reseaichers have noted that in particular situations the self-efficacv construct 

refers to judgments regarding the capability to perfonn specific tasks (Ertmer et al., 

1994). A question at the beginning of this study was whether participant self-efficacy 

beliefs would be significantlv affected bv different interface designs for an electronic 

textbook. Participants selected for the study were experienced users of printed textbooks 

and most would be expected be experienced users of the Intemet. In the context of the 

research design the question is rather novice users would have similar confidence in 

different electronic textbook environments. 

Other research has noted similarities between self-efficacy belief and attitudes, 

sometimes suggesting that the two are measuring the same construct (Brehm & Kassin. 

1998). The primary association made from this study is that leaming orientation can be a 

predictor of attitude and self-efficacy, particularly where novice leamers are introduced 

to digitally-mediated learning environments; e.g.. the WWW or electronic textbooks. If 

this association were v alidated. than researchers would have a standardized tool for 

leamer self-regulation and self-efficacy studies. 

Electronic Textbook Interface Design and Leaming Outcomes 

Electronic textbook interface design had significance in combination with 

leaming orientations and in combination with gender. As a singular factor, the effect of 

the electronic textbook interface was significant for the post-treatment achievement 

variable representing the proportion correct on the ten-question multiple choice exam. In 

this study users of the 3-D Book interface averaged a higher proportion correct than did 

users of the Intemet Browser interface. In contrast, the average number of items 

completed and the average number of items correct on the enroute task averaged higher 

for the Intemet Browser interface than for the 3-D Book (although the difference was not 

statistically significant). Research by Dee-Lucas and Larkin (1995) in hypertext 

environments indicated that readers may extract a detailed topic representation only to the 

extent that it was explicitly required by the study goal. The lack of relationship between 
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the enroute task and the post-treatment achievement could reflect the study goals of the 

participants. 

A further explanation may be that a different mode navigating the information 

space mav be employed. Berry (2000) has suggested "browser mentality" as a term 

representing the phenomenon descriptive of "intentional strategies employed by 

individuals in browsing or searching the Web" (p. 49). One characteristic of browser 

mentalitv' includes skimming, that is rapid visual search and selection of objects (buttons 

or hvperlinks) and demonstrating impatience to move to the next page (Neilson. 2000). 

Browser mentalitv may have implications for cognitive processing since leamers would 

not have adequate time to reflect on the content (Jonassen. 1988). Users of the "book" 

metaphor (3-D Book interface) may be accessing a broader text-based representation in 

the electronic textbook environment resulting in more focused reading behaviors, rather 

than the "search" strategies associated the Intemet browsing. Researchers have suggested 

that navigation occurs on two levels. At one level the user navigates the content or 

information space, and at the other level the user nav igates the interface (Ekiund & 

Sinclair. 2000). Bazin (1996) addressed a similar issue as metatextuality in which the 

digitalh mediated environment can represent situations in which navigation and content 

both compete as referents, Bazin noted."... that the difficulty of perfecting and framing 

the methods for leafing through 'pages' on screen witnesses both an effort to reconfirm 

the book as non-book, and at the same time (accommodate) the book's permanence" (p, 

153). This can lead the user to develop other means of navigation, for example, "nomadic 

roaming" or surfing which will mitigate moving through the digital content in a manner 

similar to that being used by the same leamer using a textbook. 

Gender Effects and Electronic Textbook Interface Designs 

Although this was not an initial focus of the study's design, several possibilities 

are raised. For years research has noted gender bias with respect to leaming technologies 

(Cockbum & Ormrod, 1993), Citing several researchers, Campbell (2000) noted that 

"Female leaming may occur first and foremost in relation to other human beings and 
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living things, whereas males may arrive at an understanding in relation to things as 

symbols, a framework on which much computer-based technology is based" (p. 133). 

Another author comments on gender bias during early in the popularity of the Intemet the 

point was made that"... the intemet is male territory. Considering [that] it's roots are 

sunk deep in academic and the military-industrial complex that's hardly surprising" 

(Wiley. 1995. p. 3). 

Electronic Textbook versus Printed Textbook 

Media comparison studies have not been enthusiastically embraced by 

educationalists and educational designers. One reason is that many of the studies have 

generated results that suggest there is no significant difference in leaming achievement 

between media (Clark. 1985; Kulik. Kulik. & Bangert-Drovvns. 1985). 

The attitude of users toward the idea of an electronic textbook compared with a 

print version vvas not the focus of this study. However, it would be interesting to roughly 

gauge the acceptance or resistance to the concept of the electronic alternative to the 

printed textbook used for the course. The final section of the ETAM attempted to 

measure the extent of preference for the printed textbook over an electronic textbook. 

Approximatelv two-thirds of the participants preferred having the printed form of the 

textbook used for the course rather than an electronic version. However when given the 

option of a significant price differential, the ability to access animation that better 

explains the content, or the ability to access a particular Web URL referenced in the text, 

the percentages were reversed. The forced comparison survey suggests that about one-

third of the test population had a strong preference for printed text only, another one-third 

had a strong preference for the electronic version, and the final third's preference would 

change given price or functionalitv of the electronic textbook. 

Media comparison studies that focus on leamer preference mav have a more 

significant value that studies that focus on leamer performance. 
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Recommendations 

This study has raised interesting possibilities for the researcher. Several of these 

follow, 

1. This study indicates that interface designs for electronic textbooks can 

positiveh or negatively affect leamers as demonstrated in this study's T-P learning 

orientation and C-R leaming orientation dichotomy. Learning orientation and the impact 

of the "book" metaphor described by this study point toward new opportunities to expand 

knowledge of how leamers interact with electronic text environments such as an 

electronic textbook. For example, to what degree can a metaphor such as the "book" 

metaphor used in this study provide a structured leaming environment need by the C-R 

group? Another question to be addressed is leamer preference for a particular interface 

design. Given a choice between interface design metaphors would a similar pattem of 

preference as expressed by the T-P and C-R groups hold? 

2. The novice nature of the population that was the focus of this study should not 

be considered a tvpical univ ersitv lev el population. In that regard it would be interesting 

to see the studv repeated with different groups; for example, more traditional university 

populations and non-traditional universitv populations. With respect to older non-

traditional universitv populations, is age a factor that impacts leamer preference and 

attitudes toward an electronic textbook? How are leaming orientations distributed in 

older student populations? Do leaming orientations interact with gender and electronic 

textbook interface designs? These are some of the directions that can advance the 

information gain by the current study, 

3. Gender preferences were suggested with regard to treatment designs. This 

variable vvas not initialh part of the studv's design. However, this area should be of 

interest and further investigation initiated, particulariv with a gender bias being indicated 

w ith regard to preference for the two electronic textbook designs and regarding self-

efficacy in downloading and manipulating multimedia in the electronic textbook 

environment. 
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4. Better definition of the variables and subscales used in this study is in order. 

Specificallv. the ETAM attitude measure instrument and the ETSES self-efficacy 

instrument would benefit from more items that provide a more complete representation of 

the electronic textbook tasks. 

5. The post-treatment achievement instrument was given after the participants 

had completed the ETAM survey. The elapsed time varied between 10 to 15 minutes 

between the end of the enroute task and the participant beginning of the post-treatment 

assessment instrument. It would be interesting to test achievement over a longer time 

frame. In particular this aspect of the study would benefit from a larger sample size and 

possibly a larger question pool. Increased sample size (population) would also increase 

overall reliability and statisfical power (Gall et al.. 1996), Future studies would also 

benefit from repeated measures such as attitudes and self-efficacy before and after 

treatments to determine the extent, if any. electronic textbook interface designs have on 

these and other affective and conative constructs. 

6. The possibilitv that a "metaphor" such as a 3-D book can restrict leaming space 

bv creating a more structured environment is intriguing, A controlled approach to 

confirm this possibility is needed. Manv possibilities for designs using the leaming 

orientation construct as a diagnostic tool could then be pursued. 

7. How do cognitive styles and eaming styles compare to learning orientations? 

Do these cognitive constructs overiap with the conative leaming orientation construct? A 

comparative study within the context of the electronic textbook environment could 

provide further insights into relationships between affect, conation, and cognition. 

8. Finally, the bottom-line for any instmction or instructional design is whether it 

is used by the stakeholder. In this study emphasis was place on the importance of leamer 

preference for a particular electronic textbook interface design. However, the leamer was 

not given the opportunity to make his or her preference known prior to the study. Other 

variables that pertain to stakeholder preference may be considered in an expanded study. 
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Concluding Thoughts 

Looking toward the future the educationalist can be certain that the paradigm of 

the "textbook" is changing. With the digitization of information has come change where 

electronic text and other media increasingh supplement printed text. The spectacular 

growth of digital technologies has made digital text, sound, and images accessible 

through the computer. CDs. DVD. the Intemet and the World Wide Web. Digitalh 

mediated instmction has impacted and will continue to impact the traditional printed 

textbook. For the educational designer the digital environment provides the opportunity 

to move outside the limitation of print and compose leaming spaces augmented with 

music. V oice. and animated content. Students using an e-textbook can place a pointer on 

a hyperlinked work and get a definition. Or click on a hyperlink to get an audio or video 

presentation. The teacher can customize text by adding, remov ing. and rearranging 

content in the electronic textbook. Intelligent software programs can search the WWW to 

add reference material or shared leaming objects to the electronic textbook no longer 

bound by printed pages. 

There also exist pressures extemal to the instmctional design of electronic 

textbooks. Electronic textbook production costs are show to be significantly less when 

compared to publishing cost of the printed page. Electronic textbooks are easier to 

rev ise. thereby improving the currencv of informafion presented. From an author's 

perspectiv e. electronic textbooks prov ide adv antages of scholar-controlled publishing, 

vvherebv in the traditional publisher controlled process other factors, such as production 

costs may influence content and presentation. 

For these reasons (and others), research into designs for electronic textbooks 

should continue to hold the interest of educational designers. 
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APPENDIX A 

ELECTRONIC TEXTBOOK ATTITUDE MEASURE (ETAM) 

Electronic Textbook Attitude Measure (ETAM) 

Participation: Your participation in this survey is completely voluntary. 

Instructions: Please read the following carefully. 
1) Read all questions carefully. 
2) Please answer ALL questions, 
3) If you have trouble answering a question, circle the question number and answer 

the question as best v ou can. 

Section 1 

1. Major: (If undecided, enter "Undeclared"). 

2. Classification (Circle): Fr So Jr Sr Other 

3. Gender (Circle): Male Female 

4. Age: 
5. I have access to the Worid Wide Web and Internet at... (Check ALL that apply) 

^ Home 
3 Work 
3 School 
J I don't have access 

6. I have access to a computer that has a CD-ROM "playing" capability (Check one): 
3 Yes 
3 No 
J I don't know 

7. I have used an electronic textbook (DO NOT include experiences with electronic 
encyclopedias or software "Help" functions... Check one only): 

3 Never 
J Only once 
3 Two or more times 

8. If you have used an electronic textbook, please identify the course and briefly describe 

how it was used by you: 
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Section 2 
Purpose: This survey examines attitudes and feelings about your electronic textbook 
experience. Your answers will be used to address design needs for instruction delivered 
ov er computers. The survey consists of four sections and should take you about 10 
minutes to complete. Thank you! 

Instructions; Circle the response that best reflects how you feel about the opinion 
expressed in each item; 

1 = Strongly Disagree; 2 = Slightly Disagree; 3 = Disagree 

4 = Slightly Agree; 5 = Agree; 6 = Strongly Agree 

1. It is difficult to complete assigned tasks 
using an electronic textbook. 

2. If I can use an electronic textbook I will 
be more productive. 

3. I do not do well reading from computer 
screens. 

4. Navigation tools (e.g.. 
forward/backward, screen icons) are easy 
to use. 

5. Having access to an electronic textbook 
in a course is important to me. 

6. I don't have any use for electronic 
textbooks on a day-to-day basis 

7. Electronic textbooks are confusing to 
me. 

8. I feel comfortable about my ability to 
work with electronic textbooks. 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

1 2 

-> 
J 

3 

-> 
J 

-» 
J 

n 
J 

-> 
J 

-> 
J 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 
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9. I feel uneasy using electronic textbooks. 

10. I do not think that electronic textbooks 
will be useful in my school work. 

11. Using an electronic textbook in my 
school work will mean more work for me. 

12. I'm comfortable learning with 
electronic textbooks. 

13. Computer screens with text are easv for 
me to read. 

14, Anv'thing that electronic textbooks can 
be used for. I can do just as well some 
other vvav. 

15. Textbooks on computers would be a 
good idea. 

16. The thought of using an electronic 
textbook frightens me. 

17. Knowing how to use an electronic 
textbook will be helpful in mv' future work. 

18. I am anxious about electronic textbooks 
because I don't know what to do if 
something goes wrong. 

19. I don't see how I can use electronic 
textbooks to leam. 

20. I have no difficulty finding information 
in an electronic textbook. 

21. Electronic textbooks cause more 
problems in than they solve. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 
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Section 3 

Note: This section is different from the section above. 

CIRICLE the number that best corresponds to the way that you feel about the question. 

Important: Read each word carefully. Answer ALL questions below. Thanks. 

QUESTION. I feel that the experience of using the Electronic Textbook is: 

Unpleasant 

L'nhappy 

Good 

Calm 

Uncomfortable 

Natural 

Empty 

Exciting 

Painful 

Suffocating 

Verv' Fairly 

2 

t 

1 

T 

-) 

-) 

T 

T 

T 

-) 

Some
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3 

3 

-> 

'> 
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3 

-> 

'y 
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Neither 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Some
what 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Fairly 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Very 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Pleasant 

Happy 

Bad 

Tense 

Comfortable 

Artificial 

Full 

Dull 

Enjoyable 

Fresh 
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Section 4 

Choose between ONE of two possible responses for each given situation. 

A. Giv en the choice between having the textbook for this class in its current printed form 
or having the textbook in ONLY an electronic form (either CD-ROM or via the 
INTERNET)... (Check ONE box showing your preference). 

D I prefer having the textbook for this course in printed form. 
OR 

n I prefer having the textbook for this course in electronic form. 

B. If the printed textbook for this course cost in excess of $100. but the electronic version 
cost less than $25. then... (Check ONE box showing your preference). 

D I would still prefer having the textbook in printed form, 
OR 

D I would prefer having the electronic v ersion instead. 

C. If the textbook contained problems or diagrams that could be better understood using 
3-D animation, then,,. (Check ONE box showing your preference). 

D I would still prefer hav ing the textbook in printed fonn with drawings and 
illustrations. 

OR 
n I would prefer having the electronic v ersion where the problems or diagrams 

could be shown in 3-D or interactive animations. 

D. If the printed textbook used URLs (e.g.. http:/vvAvw.ttu.edu) to direct the reader to 
sites on the Worid Wide Web that contained more information about a topic, then... 
(Check ONE box showing your preference). 

n I would still prefer having the textbook in printed form and access the URL on the 
World Wide Web when convenient. 

OR 
D I would prefer having the electronic version in which I could click on the URL 

and go immediately to the Web site. 

THANK YOU! 
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APPENDIX B 
ELECTRONIC TEXTBOOK SELF-EFFICACY SCALE (ETSES) 

Electronic Textbook Self-Efficacy Scale (ETSES) 

Purpose: This surv ev examines your confidence using an electronic textbook. The 
survey consists of four sections and should take vou about 5 minutes to complete. Thank 
you! 

Instructions; Please answer the following by circling your preference using the scale 
below: 

1 - Strongly Disagree; 2 = Slightly Disagree; 3 = Disagree 

4 = Slightly Agree; 5 - Agree; 6 = Strongly Agree 

I feel confident.... (Complete the sentence with each phrase below.) 

1. Starting or "opening" an electronic 
textbook. 

2. Linking to desired screens by clicking 

3. Going to any page in the electronic 
textbook 

4. Downloading materials from an 
electronic textbook. 

5, Using symbols on the computer screen 
to navigate. 

6. Using the Table of Contents provided by 
the electronic textbook. 

7. Locating specific information in the 
electronic textbook. 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 

1 2 3 4 5 6 
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I feel confident.... (Complete the sentence with each phrase below.) 

8. Printing materials located on the 
electronic textbook. 

9. Ending or "closing" the electronic 
textbook 

10. .Accessing audio files on the electronic 
textbook. 

11. Using interactive animations on the 
electronic textbook. 

1 

1 

1 

1 

n 

1 

T 

2 

-> 

-> 

-> 
J 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 
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APPENDIX C 
ENROUTE TASK PERFORMANCE (ERT) 

Enroute Task Performance 

Instructions. Click on the title screen, which will take your to the Table of Contents. 
Go to the first page of the lesson. Please complete the sentences below as you read 
through the assignment. 

1. Research indicates that can discriminate animate from 
inanimate objects on the basis of motion cues. 

2. use of animation may cause distractions that are counter 
productiv e to instmction. 

3, According to Reiber, the influence of animation on leaming is 

4, Xiaoquan and Jones observe that one of the two applications for computer animations 
relates to functions designed to directly enhance the ability of 
students to leam from instructional materials. 

5, The sense of movement that we experience from animation is actually an illusion 
created by stringing together a sequence of images and showing them in 

6. The process in which software draws in between frames along a path defined by the 
animator to create an illusion of movement is termed 

7. In order to enhance the impression of movement, some animation programs 
objects slightly when they are animated. 

8. The three distinct types of digital animation are 
- and • 

9. With morphing, the morph is accomplished by defining several points of 

between two images. 

10. Two of the five basic steps to accomplish 3-D animation are: 

and . 
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APPENDIX D 
POST-TREATMENT ASSESSMENT (PA) 

Post-treatment Assessment 

Multiple Choice. For each of the following questions there is ONE best answer. Circle 
the letter by vour selected answer 

1. The main purpose for animation is to ... 
a. explain complicated objects better than words, 
b. breathe "life" into instruction. 
c. increase or focus the attention of the viewer. 
d. entertain the viewer thereby making the topic less boring. 

2. Research indicates that computer animation has two main applications in instruction. 
These are to ... 

a. improve student attitudes toward leaming and enhance the ability of students to 
leam. 
b. increase student incentive to participate and make the topic enjoyable. 
c. develop positi\e attitudes toward leaming and increase leamer confidence. 
d. make instruction more interesting. 

3. Tweening ... 
a. is a function of softvv are. 
b. requires the animator to define a path that characters or objects follow. 
c. creates the illusion of movement. 
d. is all of the above, 

4. Digital animation that is controlled bv constantly changing data drawn from user inputs 

is termed ... 
a, "Dreamworks-stvle" animation. 
b, fixed-path animation. 
c. free-form animafion. 
d. data-driven animation. 

5. Animation that includes a succession of still drawings, each drawn by the animator, is 

termed ... 
a. data-driven animation. 
b. morphing. 
c. frame-based animation. 
d. 3-D animation. 
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6. The type of animation that transforms the form of one object into another is termed 
a. 3-D animation. 
b. frame-based animation. 
c. morphing. 
d. data-driven animation. 

7. The act of assembling all of the elements comprising the animafion is termed... 
a. rendering 
b. morphing 
c. scene building 
d. texturing 

8. A true statement about animation is that it is... 
a. labor intensive 
b. relatively inexpensive 
c. tvpically is now done bv hand 
d. relatively easy for simple animations 

9. A type of frame-based animation in which one key frame doesn't change, and is 
usuallv used to create background images, is termed... 

a. a flip book 
b. tweening 
c. static animation 
d. morphing 

10. The act of assigning surface attributes to objects is termed... 
a. tweening 
b. morphing 
c. scene building 
d. texturing 

THANK YOU! 
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APPENDIX E 
LEARNING ORIENTATION QUESTIONNAIRE 

Cop\ right s- 1996-2002 Maraaret Martine? 

Purpose: This survey asks how you personally rate characteristics and reactions which are 
typical of your GENERAL or usual approach to leaming. Think of your most comfortable 
learning situations when you answer this survey. Remember, there are no right or wrong 
answers, simpl} answer as realistically as possible. 

Instructions: For each statement, circle the one number in the range between 1 and 7 to 
describe your usual leaming approach. 

Examples: 
(1) If V ou believ e the statement is almost always uncharacteristic or untme of you. circle the 
number 1 for Very Uncharacteristic of Me. 
(2) If a statement is almost alwavs characteristic or true of you. circle the number 7 for Very 
Characteristic of Me. 
(3) Or. select one of the remaining numbers (in the range between 1 to 7) to describe yourself 

1. I push myself to accomplish personal learning goals beyond those expected by the 
instructor. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

2. I enjoy learning. 

Verv Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

3. The instructor is the best person to monitor, evaluate, and determine how well I 
learn. 

Verv Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

4.1 look for additional information sources that help me learn about new topics. 

Very Uncharacteristic of Me I 2 - 3 4 - 5 - 6 - 7 Very Characteristic of Me 

5. The instructor helps me stay on task and meet course objectives. 

Very Uncharacteristic of Me 1 2 - 3 4 - 5 - 6 - 7 Very Characteristic of Me 
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6.1 use learning as a vital resource in accomplishing my professional or personal 
goals. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Vety Characteristic of Me 

7.1 avoid learning situations if I can. 

Very characteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

8. I do well on a course if I rely on the instructor. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

9. My personal goals have priority over the instructor's course objectives. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

10. I like to learn and feel comfortable learning for any reason. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

11.1 learn best if I personally manage my learning goals, strategies, and tasks. 

Verv Uncharacteristic of Me 1 2 - 3 4 - 5 - 6 - 7 Verv Characteristic of Me 

12.1 carefully plan out my learning goals, strategies, and expected outcomes before I 
do a learning task. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

13. Learning helps me achieve challenging personal goals. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

14.1 avoid courses if the objectives are challenging or difficult. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Ven Characteristic of Me 

15.1 use learning to improve the quality of my life. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 
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16. Monitoring my own progress helps me manage and improve my learning and 
professional performance. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Verv Characteristic of Me 

17.1 set and accomplish personal learning goals beyond the stated course objectives. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

18.1 do not try to set risky or challenging learning goals. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

19.1 enjoy discovering new topics that help me achieve personal learning goals. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Veiy Characteristic of Me 

20.1 rely on the instructor to assess my learning achievement. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

21.1 continually assess my progress and determine how to improve my learning 
ability. 

Verv Uncharacteristic of Me I 2 - 3 4 - 5 - 6 - 7 Verv Characteristic of Me 

22.1 know that the instructor can show me the best way to evaluate achievement of 
my learning goals. 

Very Uncharacteristic of Me I 2 3 4 - 5 - 6 - 7 Very Characteristic of Me 

23. The instructor can plan my best learning approach for accomplishing training 
objectives. 

Very Uncharacteristic of Me 1 2 - 3 4 - 5 6 - 7 Very Characteristic of Me 

24. I know what to do if I am not doing well in a course. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 
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25. Learning is not an enjoyable or comfortable process for me. 

Very Uncharacteristic of Me 1 - 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

26.1 get frustrated if the course is too easy. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

27.1 do not try to set and achieve challenging, risky or difficulty goals. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

28. Learning helps me accomplish important personal and professional goals. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

29. Self-managing my own learning progress is difficult. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

30.1 like instructors that expect me to follow an easy, step-by-step learning process. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 6 - 7 Ver\ Characteristic of Me 

31. Monitoring my own progress does not help me improve how I learn. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

32.1 do not enjoy exploring new topics to learn. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Vety Characteristic of Me 

33. Learning improves the quality of my life. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

34.1 learn best if I learn on my own. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 
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35.1 seldom set additional learning goals beyond the stated course objectives. 

Very Uncharacteristic of Me 1 2 - 3 4 - 5 - 6 - 7 Veiy Characteristic of Me 

36.1 do not like instructors that set challenging goals and expect a lot of me. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

37.1 do not like courses that expect me to learn at a slow, simple pace. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Veiy Characteristic of Me 

38.1 like an instructor that slowly and carefully guides me through a course. 

Verv Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

39. My personal goals are very important to me and help guide how I learn. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Veiy Characteristic of Me 

40.1 prefer a course that challenges me so I can learn new things. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

41.1 prefer a course that arouses my curiosity, even if it is difficult to learn. 

Very Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Verv Characteristic of Me 

42. If I Study the best I can, I am able to learn well in any course. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

43. It is my fault if I do not learn the material in a course. 

Very Uncharacteristic o fMel 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

44.1 am confident that if I try hard enough I can complete a course satisfactorily. 

Very Uncharacteristic of Me 1 2 - 3 4 - 5 - 6 - 7 Very Characteristic of Me 
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45.1 expect to do well in most courses that I take. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

Don't Stop Now...One More Brief Section to Complete! 
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Leamins Profiles 

Purpose: In this section, you can select a description that describes how you prefer to leam. 

Directions: Read each of the four paragraphs below (Leamer Profile A-D). For each profile, 
circle the one number among the seven that best describes your usual leaming approach. 

Examples: 
(1) If you believe the statement is almost always uncharacteristic or untme of you. circle the 
number 1 for Very Uncharacteristic of Me. 
(2) If a statement is almost always characteristic or true of you. circle the number 7 for Very 
Characteristic of Me. 
(3) Or. select one of the remaining numbers (in the range between 1 to 7) to describe yourself 

O Learner A Profile 

You prefer to do the easy or basic leaming tasks first using simple, step-by-step 
procedures to accomplish the stated course objectives. Once you have a clear idea about 
what specifically needs to be done, you enjov- being shown how to do the course with 
plentv of feedback describing how vou are doing and what needs to be done next. You 
enjoy simple, structured leaming environments that focus you on specific steps and 
procedures that help you complete the course satisfactorily. Good instructors and well-
developed instruction are important to help you enjoy and finish the course. Leaming is 
necessary if it helps you meet stated professional requirements and only enjoyable if you 
have plenty of guidance. 

Verv Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

O Learner B Profile 

You usuallv prefer starting with the more challenging leaming tasks first, rather than 
the easy step-by-step tasks. You do this to find out what you don't know and then fill in 
the medium tasks if necessary. You like the big picture and can quickly explore the new 
topics and activities that interest you w ithout relying on the instructor. You usually try to 
self-manage vour own leaming pace and tasks to accomplish personal goals beyond the 
course objectives. You leam best in minimally structured leaming environments that 
encourage exploratorv. self-directed leaming, offer challenging, problem-solving tasks, 
and provide tools for learning beyond the expected norm. Leaming is important to you 
because it helps you accomplish long-term leaming goals, personal challenges, and 
educational aspirations. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Vety Characteristic of Me 
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O Learner C Profile 

You typically prefer skipping the easy skills and starting with the medium tasks first to 
accomplish the course objectives quickly. You are a good leamer and learn best in 
semi-structured, interactive leaming environments with instructors that tell you the 
details of what you need to know and do to accomplish the course objectives. You like 
instructors that coach you during the course but not to give you the explicit, step-by-step 
details showing v ou how to do it. You also like to have the instructor tell you how well 
you are doing. You usuallv don't have the interest or time to do any optional tasks, go 
beyond stated course objectiv es. or explore other topics along the way. Learning is 
necessary vv hen it helps v ou accomplish stated educational requirements and short-term 
goals and tasks. 

Very Uncharacteristic of Me 1 2 - 3 - 4 - 5 - 6 - 7 Verv'Characteristic of Me 

O Learner D Profile 

You prefer to skip learning altogether because you don't enjoy learning or don't think 
that you are a good leamer. ^'ou never enjoyed going to school and still prefer to avoid 
any formal leaming situation if you can. If you need to leam something, you leam best in 
unstructured leaming environments that show v ou how to complete the course quickly 
and painlessly. You usually don't hav e the interest to do any optional tasks, go beyond 
stated course objectives, or explore other topics along the way. Leaming is only 
necessary if it is required for important personal requirements. 

Verv Uncharacteristic of Me I 2 - 3 - 4 - 5 - 6 - 7 Very Characteristic of Me 

Comments: Thank vou for taking the time to answer the questions in this survey. If 
V ou hav e anv comments, please write them below: 
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APPENDIX F 

HYPERLINK-FLOW FOR THE 

ELECTRONIC TEXTBOOK INTERFACE DESIGNS 
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Figure F.l. Hyperlink-Flow Diagram for the Intemet Browser Interface Design. 
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