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ABSTRACT 

As information technology gains in popularity, availability, and cost-effectiveness it 

is increasingly used as a medium for the delivery of knowledge. While the capability to 

deliver knowledge via information technology support systems is rapidly increasing, the 

effects of information technology on the leaming process and leaming outcomes are in 

need of further exploration. 

The Information Technology-Leaming Interaction Model introduced in this 

dissertation focuses on the effects of two independent constmcts: information technology 

and leaming model on a mediating constmct, leaming interaction, and a dependent 

constmct, leaming outcome. This dissertation advances knowledge by being the first to 

examine leaming interaction, empirically, as a complex constmct consisting of amount, 

type, timeliness, method, spontaneity, and quality of interaction. 

This research was conducted to address the need to examine the effects of 

information technology on leaming interaction and leaming outcomes in an environment 

controlled for the effects of other constmcts. It examines the effects of information 

technology on interaction processes occurring in the computer-equipped classroom where 

electronic delivery can support a human instmctor or serve as a surrogate for the human 

instmctor. There were five major outcomes of the dissertation research. A model was 

developed and empirically validated to better explain the effects of information 

technology on leaming interaction and leaming outcomes. The usefulness of an untested 

taxonomy of leaming interaction was demonstrated through the development and use of 

an instmment to measure various components of leaming interaction. The research 

\ii 



demonstrated that information technology had effects only on some sub-constmcts of 

leaming interaction. Information technology was shown to have a significant positive 

effect on an objective measure of leaming outcomes. The statistical interaction effects of 

technology and leaming models were examined with evidence of significant statistical 

interaction effect on leaming interaction but no evidence of significant statistical 

interaction effect on leaming outcomes. 

Findings reported in this dissertation provide new knowledge about the impact of 

information technology on leaming as well as an instmment that can serve as a tool to 

support future research endeavors. Outcomes of this research can be applied to 

educational settings, industrial training, or in the design of instmctional delivery systems. 
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CHAPTER I 

INTRODUCTION 

1.1 Background 

As we move into the 21̂ ^ century, support of continuous leaming by the entire 

workforce (Morgan, Ponticell, & Gordon, 1998) has evolved into a societal need. The 

emergence of this need for continuous or life-long leaming has been intensified by the 

shift from an industrial-based society to an information-based society (Zuboff, 1985) and 

the associated adoption of information technologies across a wide spectmm of 

applications. Information technology is increasingly used as a medium for the delivery of 

knowledge to workers in industrial settings as well as students in educational institutions, 

corresponding to its gains in popularity, availability, and cost-effectiveness. While the 

capability to deliver knowledge via information technology support systems is rapidly 

increasing, the effects of information technology on the leaming process and leaming 

outcomes are in need of further exploration (Leidner & Jarvenpaa, 1995). 

A number of studies have compared traditional instmction, such as the classroom 

lecture, with instmction using various forms of information technology support. 

Technology support ranges from supporting an instmctor's delivery of instmction, either 

in a classroom or from a distance, to providing the ability to deliver instmction without 

an instmctor through the use of computers. Many of these of studies have reported no 

differences in individual leaming outcomes when comparing traditional and distance 

leaming. Other studies have reported superior leaming outcomes when instruction is 

delivered via various information technologies, including distance leaming and 



computer-based training as compared to the traditional classroom (Mood, 1995; Howard, 

1997; Stephenson, 1992). A more detailed examination of the literature, however, finds 

that results cited above may be due to incomplete specification of the various constmcts 

affecting the leaming process (Clark, 1994; Howard, 1997). Specifically, Clark (1994) 

cites the need for research to separate the effects of the technologies used to deliver the 

instmction from the effects of the model of leaming. The model of leaming is a 

conceptual term, realized through the selection of a specific teaching model (goals, 

strategies, assumptions, concepts, and steps) used in the design of an instmctional 

environment (Joyce & Weil, 1996). 

Research findings that are reported in literature on distance leaming, instmctional 

design and computer-based training address the leaming process from different but 

related perspectives. Highly detailed course design is advocated in much of the distance 

education literature (Howard, 1997; Keegan, 1996), which relies heavily on the use of 

technology to deliver instmction. Similar advocacy is found in the literature on 

instmctional design (Merrill, 1994; Tennyson, 1997), which is the foundation for the 

development of computer-based training. Both of these fields advocate high levels of 

leaming interaction. Student-instmctor interaction is the primary concem in distance 

education, whereas student-computer interaction is the primary concem in instmctional 

program design for computer-based training. Research in both distance education and 

computer-based training have, on occasion, integrated student-peer interaction as a 

research issue (Howard, 1997; Stephenson, 1992). A presumption is that to achieve the 

same leaming outcomes, higher levels of leaming interaction than occur in the traditional 

classroom are required. 



Leaming interaction is seen as a necessary prerequisite for the successful delivery 

of knowledge to the student; however, the definitions of leaming interaction can be quite 

broad. A broad definition of leaming interaction, synthesized from the research 

literature, is that it is a multidimensional constmct that describes the amount, type, 

timeliness, method, spontaneity, and quality (Main & Riise, 1995) of communication 

between the student and instmctional environment occurring during the leaming process. 

The instmctional environment includes the instmctor, other students, computer-based 

training systems, and the leaming task. The specification of criteria for assessing these 

six dimensions of leaming interaction is accompanied by a call for more empirical study 

(Main & Riise, 1995). This call for more research has not yet been answered, leaving 

unknown the effects of each of the proposed dimensions of leaming interaction on 

leaming outcomes. 

1.2 Problem Statement 

The interaction process between the leamer and the instmctional environment 

appears to be a central constmct in the leaming process but this leaming interaction 

process has not been examined in sufficient detail (Main & Riise, 1995). Leaming 

interaction provides the connectivity between students and sources of knowledge and 

includes student-instmctor, student-peer, and/or student-information system interaction. 

Student-instmctor and student-peer interaction can be used in many settings, but the 

addition of information technology provides another source of knowledge for the student. 

This source can be used in support of the traditional instructor or may be used as a 

surrogate instmctor. An information system could use any number of infomiation 



technologies including multimedia presentation, computer-based training, Intemet 

connectivity, group-ware, and e-mail. Constmcts having the potential to affect the 

interaction process include leamer characteristics, instmctor characteristics, task 

characteristics, characteristics of the model of leaming, and characteristics of the 

information technology. The interaction process needs to be examined in detail to 

determine the effects of information technology on leaming outcomes, while controlling 

the potentially confounding effects of other research constmcts (Clark, 1994; Main & 

Riise, 1995). 

1.3 Research Objectives and Issues 

The objective of this research is to address information technology as a delivery 

mechanism for leaming. Given the focus on knowledge delivery, a number of research 

questions may be derived from the research problem. 

1. Can a model be developed to better explain the effects of information 

technology on leaming interaction and the resulting leaming outcomes? 

2. Are existing taxonomies of interaction useful in describing leaming interaction 

as a research constmct? 

3. What effect does information technology have on the leaming interaction? 

4. What effect does information technology have on leaming outcomes? 

5. Does information technology interact with the model of leaming embedded in 

instmctional design to affect the leaming interaction process? 



1.4 Deliverables of the Proposed Research 

The focus of this research is to explore the effects that information technology as 

a delivery mechanism has on leaming interaction and leaming outcomes for a given 

leaming task. Leaming interaction defined in this research includes student-instmctor. 

student-peer, and student-computer interaction. The deliverables from the research 

include: 

1. A conceptual model of the interaction process. 

2. A set of propositions derived from the conceptual model. 

3. A set of variables derived from the operationalization of the constmcts in the 

conceptual model. 

4. A set of hypotheses derived from the operationalized variables and the 

relationships described in the propositions. 

5. The development of instmments or consolidation of existing instmments used 

to measure the variables of interest. 

6. An empirical study to test the hypotheses. 

1.5 Importance of the Proposed Research 

There is widespread interest in the delivery of knowledge via information 

systems. Universities are routinely incorporating distance leaming and computer-based 

training (CBT) options into their programs. The federal govemment has a number of 

recent initiatives including a presidential directive stipulating that leaming and education 

should be enhanced by the application of technology in both education and training 



programs (White House Press Release, January 1998). An emerging practice in industry 

is the adoption of a number of technologies to supplement the use of information systems 

(IS) to facilitate more "traditional" instmctional methods and to replace conventional 

classroom training (ASTD Benchmark Survey, 1998) as well as the development of 

electronic performance support systems (Gery, 1991). 

The effects of technology have been studied in the context of distance leaming for 

a number of years. Although the present study is not directed at distance leaming per se, 

results from distance leaming research, as well as other fields such as instmctional design 

and management information systems have been synthesized to address the research 

problem. A number of studies of distance leaming have reported it to be as effective as 

traditional classroom instmction (Howard, 1997; Main & Riise, 1995). Howard (1997) 

reported that 56 of 57 studies provide evidence of the effectiveness of distance leaming. 

However, this same study reported methodological concems such as the failure to 

separate the delivery technology (the information system) from the instmctional 

technology (the design of the course). The study also cited the need to identify the 

relationships among the components of the leaming process (Coldeway, 1990; Howard, 

1997). Howard (1997) also identifies up front costs associated with the preparation of 

courses for distance leaming, which range from $500 to $15,000 per hour of instmction 

time. 

Seidel and Chatelier (1994) in their book documenting a NATO conference on 

distance leaming report that distance leaming: (1) changes the teaching skills required; 

(2) changes the leamer's perspective from passive to active leaming; and (3) requires 

more detailed preparation. Passive leaming implies that students are mere recei\ ers of 



information, as typically seen in a traditional classroom lecture, whereas active leaming 

implies the use of techniques to aid students in remembering material teamed through 

intellectual engagement with the leaming environment during the leaming process 

(Bonwell & Sutheriand, 1996). 

A major theme that emerges is the need to integrate instmctional design and 

media in a way that facilitates interaction between the student and the instmctional 

environment. Riise and Main (1995) present a taxonomy of interaction that includes six 

major dimensions of leaming interaction. This taxonomy, however, is without supporting 

empirical research. The present study will focus on integrating existing research findings 

and concems to better identify the effects of information technology on interaction in the 

leaming process. 

1.6 Stmcture of the Dissertation 

Chapter II presents the background literature that addresses the importance of this 

research to the field of management information systems and investigates theories and 

research findings from other disciplines. Chapter III presents the research methodology 

used. Chapter IV develops the conceptual model, presents propositions, and discusses 

operationalization of constmcts. Chapter V describes the validation of the conceptual 

model, including the research hypotheses and field experiment. Chapter VI discusses the 

data collected and analyzed in support of the hypotheses in Chapter V. Chapter VII 

provides the results of a secondary data analysis that addresses questions that arose 

during the primary data analysis and a synthesis of the research results. Chapter \TI1 

presents research limitations, areas for future research and the conclusion. 



CHAPTER II 

LITERATURE REVIEW 

2.1 The Need to Sttidv the Effects of 
Electronic Knowledge Delivery 

The delivery of knowledge through the use of rapidly evolving information 

technologies has been identified by govemment, academia, and industry as a critical 

success factor in the areas of formal education of students and training of workers 

(Hamalainen, Whinston, & Vishik, 1996; Leidner & Jarvenpaa, 1995; The White House, 

1998). Technologies such as computer-based training, computer-based instmction, video 

teleconferencing, video teletraining, and multimedia-supported classrooms are proposed 

to support the augmentation of both the traditional classroom (Liedner & Jarvenpaa, 

1995) and traditional distance education (Bates, 1995). Recent advances in the 

information technology infrastmcture are providing the capability to move concepts such 

as the virtual classroom from the research laboratory into routine use for course delivery 

(Hughes & Hewson, 1998). These technologies can augment a classroom lecture with 

multimedia presentations, facilitate the delivery of a simple lecture at a distance, or 

provide a surrogate instmctor through computer-based training systems. 

How technologies are applied, however, will vary as a function of the model of 

leaming embedded in the design of the instmction. While the use of information 

technology to deliver knowledge successfully has been confirmed in a large number of 

studies (Howard, 1997), questions remain as to which specific technologies are most 

effective in particular situations (Wisher, 1998). Questions also remain about how much 
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variation in leaming outcome is accounted for by the many possible configurations of 

learners, instmctors, leaming models, and information systems (Liedner & Jarvenpaa, 

1995). 

The need to focus research on the impact of information systems on training and 

education of IS students and professionals is reflected in a special issue of MIS Quarterly 

It is important for us to understand the educational concepts and theories 
that have been developed over the years by leaming theorists and others in 
the education field. A major new thmst is that information systems 
research should try to understand and adapt these theories in light of the 
new educational technologies. (Stohr, 1995, p. ii) 

Research results from the fields of education, instmctional design, and distance leaming 

can be used to inform the study of the use of information technology to deliver 

knowledge and its effects on leaming processes and outcomes - electronic knowledge 

delivery. The remainder of this chapter provides an overview of key research findings 

from these fields. Section 2.2 addresses how leaming theory informs research in the 

development of electronic knowledge delivery by providing theoretical foundations on 

how individuals team and various methods of presenting material and promoting 

interaction (Leidner & Jarvenpaa, 1995). The literature addressed in section 2.3 is from 

instmctional design theory and may also inform research into electronic knowledge 

delivery. This field has a history of research in the development of programmed 

instmction and course design, used extensively in the development of computer-based 

training and military instmction (Merrill, 1994; Tennyson et al., 1997). Studies of 

distance leaming, summarized in section 2.4, have established that knowledge can be 

effectively delivered at a distance, at least for certain groups of leamers (Howard, 1997). 

Section 2.5 reports research findings on knowledge delivery in management information 



systems (MIS). Section 2.6 synthesizes specific findings on the leaming interaction 

process and Section 2.7 provides a summary of the background literature. 

2.2 Leaming Theory in MIS Research 

The fields of behavioral and cognitive psychology have provided the major 

theoretical foundations of leaming. The first subsection of this discussion of leaming 

theory describes a taxonomy that attempts to integrate five schools of thought that have 

informed leaming theory over the past several decades with management information 

systems theory. An altemative taxonomy, taken from the point of view of teaching, is 

then presented in the next subsection. This altemative taxonomy focuses on the 

implementation of leaming theories described as models of teaching. 

2.2.1 Models of Leaming 

Liedner and Jarvenpaa (1995) provide a theoretical link between leaming theory 

and the field of management information systems in addressing electronic classroom 

types, assumptions, and related models of leaming (Figure 2.1). The focus of their 

research is on electronic classroom types and the principal pedagogical assumptions 

behind particular technologies. They integrate the concepts of automating and 

informating (Zuboff, 1988) into the context of business education. Automating refers to 

shifting tasks from humans to computers whereas informating refers to information 

technology effects that change the fundamental nature of work. Leidner and Jarvenpaa 

(1995) add the concept of transforming, adapted from Schein (1990), as a level beyond 

informating to emphasize changes in the fundamental stmcture of the classroom. 
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Liedner and Jarvenpaa use these concepts as the comerstone of their Taxonomy of the 

Impact of IT on Leaming (Figure 2.1). This taxonomy identifies leaming process and 

leaming outcome as dimensions associated with the concepts of automating, informating, 

and transforming. These authors (1995) use their taxonomy to hypothesize how various 

technologies fit with different leaming theories and propose that some technologies are 

better suited for use with particular leaming models than others. 

Information 
Technology 

Classroom 
Structure 

Learning 
Model 

Instmctor 

Knowledge 
Dissemination 

Ephemeral 

Factual/Procedural 

Lower-order 
Thinking 
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Automating 

Instmctor 
Console 
CAI/CBT 
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Leaming 

Hierarchy/ 
Tree 

Objective 

Informating Up 

Keypad 
Response 
Instmctor-
Student E-mail 

Star 

Objective, 
Cognitive IP 

PROCESS DIIV 

Informating 
Down 

Leaming 
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Virtual 
Reality 
Simulations 

Ring 

Constmctive, 
Cognitive IP, 
Collaborative 

lENSIONS 
^ Control of Pace. Content 

^ Purpose of Instmction 
^ 
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Impact on Self-Variables (motivation, interest, 

^ . 

Impact 0 n Levels of Leaming 

Impact on Cognition 

Transforming 

Virtual 
Leaming 
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Dynamic 
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Cognitive IP, 
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Constmctive 

^ 
w 

^ 
w 

Student 

Knowledge 
Creation 

self-efficacy) 

^ 
w 

^ 

Impact on Behavior—participation and attention ^ 

^ Imoact on Behavior - oerformance 
^ ± i _ t i — 

Long-term 

Conceptual 

Higher-order 
Thinking 

High 

Improvements 
on Conceptual 
Assessments 

Figure 2.1 Liedner and Jarvenpaa's (1995) Taxonomy of the Impact of Information 
Technology on Leaming 
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With regards to altemative aspects of IT, the taxonomy specifically addresses the 

relationship among four classes of information technologies, two process dimensions, and 

five outcome dimensions. The four classes of information technology, derived from 

Zuboff (1985) and Schein (1992), are automating, informating up, informating down, and 

transforming. A description of each technology used in the taxonomy is provided in 

Appendix F. The availability of technology has the potential to facilitate changes in the 

design of instmction. 

1. Automating refers to the process of transferring teaching or instmctional 

delivery tasks performed by humans to computers with no major reorganization of the 

instmctional design. 

2. Informating up refers to the process of changing the instmctional design to use 

information technology for the purpose of providing new information from students to 

the instmctor. 

3. Informating down refers to the process of changing the instmctional design to 

provide new information from the instmctor (and potentially the extemal environment) to 

the students. 

4. Transforming refers to changes in instmctional design that create "virtual 

continuous leaming spaces" (Liedner & Jarvenpaa, 1995, p. 279) that link geographically 

and temporally dispersed leaming participants. Participants include students as 

individuals, student groups, and instmctors. 

The second major component of the Leidner and Jarvenpaa (1995) taxonomy is 

labeled "process" and includes two dimensions. The first process dimension is control of 

the pace and of leaming content. The second process dimension is the purpose of 
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instmction, classified as either knowledge dissemination or knowledge creation. This 

component of the taxonomy does not specifically address interaction within the leaming 

process but rather subsumes the interaction process within the dimension of control of 

pace and content. Leaming interaction is embedded in the classification of technologies 

(automating, informating or transforming) rather than being examined as a distinct 

constmct within the process dimension. The major effect of information technologies is 

to support interaction during the leaming process. The taxonomy, as presented, links 

technologies with leaming models. For example, in Figure 2.1 CBT and distance leaming 

are only associated with the objective leaming model whereas leaming networks and 

virtual leaming spaces are associated with the collaborative leaming model. Although 

discussed in the literature, the taxonomy does not provide for the use of a collaborative 

model with either CBT (Stephenson, 1992) or distance leaming (Howard, 1995). This 

linkage has the potential to lead to the same criticisms seen in the distance education 

literature, specifically the problem of mixing the effects of media and instmctional design 

(Clark, 1994; Howard, 1997; Main & Riise, 1995) and its impact on the ability to isolate 

causal influences of leaming outcomes. 

The last component of the Leidner and Jarvenpaa (1995) taxonomy is outcome, 

consisting of five dimensions. The outcome dimensions include impact on: (1) self-

variables (short or long-term), (2) levels of leaming (factual or conceptual), (3) cognition 

(lower or higher order thinking), (4) behavior (participation and attention), and (5) a 

second category of behavior (performance). While generally consistent with the 

education and psychology literature, specifying self-variables, such as motivation and 

self-efficacy, as outcome dimensions may be misleading. These particular constructs 
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have been identified as affecting the leaming process as an input constmct (Bandura, 

1996; Howard, 1997; Keegan, 1996) as well as outcome constmcts. This potential source 

of confounding implies a need for a more complex description, including a dynamic 

component, than is implied by the taxonomy. 

A number of hypotheses can be derived from the taxonomy. One is that leaming 

models are associated with a set of technologies and classroom stmctures. Another 

hypothesis is that a particular set of processes and outcomes are associated w ith a given 

technology/leaming model combination. For example, the use of CBT would be 

associated with instmctor control of pace and content. The purpose would or should be 

knowledge dissemination. The outcomes of leaming from CBT would include ephemeral 

impact on self-variables, lower levels of leaming, and lower order thinking. Student 

behavior would include low participation and attention, with improvements on facts as 

opposed to concepts. 

No empirical support is provided for the hypotheses that can be derived from the 

taxonomy; rather the authors offered these as an area in need of future research. 

Educational method research variables that should be used in future information systems 

research are also identified in this research (Leidner & Jarvenpaa, 1995). A number of 

the areas identified for future research by these authors that address the use of 

information technology in the business classroom include: 

1. technologies that informate down and up, 

2. application of technology to promote sociocultural leaming, 

3. added value of technology to the leaming models. 
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4. influence of moderating variables on the leaming models and their 

technological enhancements, 

5. the most effective ways to foster teamwork as well as the appropriate size and 

duration of teams in leaming environments, and 

6. understanding the roles of instmctors and students as well as the appropriate 

leaming assessment strategies in virtual leaming spaces. 

A study of the use of multimedia presentations and group support systems in the 

college classroom found no significant differences between students exposed to three 

types of information technologies and a control group. Specific research variables 

included performance, satisfaction, and perceived understanding. Further qualitative 

analysis suggested that teacher preference for a particular technology may be related to 

these differences, however, more quantitative research is called for in this area. The 

study also indicated that the mere increase in classroom interaction was not sufficient to 

induce student performance (Presnell, 1998). 

Different theories of leaming described in the education and leaming literature 

provide the underpinnings for research into the effects of information technology on 

leaming outcomes. Each theory of leaming can be implemented with or without the use 

of information technology. The succeeding two subsections describe the fundamental 

concepts behind the two major classes of leaming theories. 

2.2.1.1 The Objectivist Model. The objectivist model of leaming is based on 

Skinner's stimulus-response-consequence theory (Skinner, 1953) and extensions of this 

theory that (1) expand the context and time frame, (2) include cognition as well as 

responses, (3) account for unexplained variability in respondents, and (4) consider the 

15 



effects of punishment (Ormrod, 1995). This is the model for most traditional college 

courses using the lecture format. It is also the basis for leaming machines developed in 

the 1950s and 1960s, programmed instmction, and many computer-based training 

packages in use today. 

2.2.1.2 Constmctivist Models. Constmctive models reflect the integration of 

cognitive psychology into the education literature. Much of the literature that addresses 

constmctivist models of leaming has been focused on the education of children in the 

primary grades. This model has been recently advocated for use at the college level 

under the term "active leaming" (Sutherland & Bonwell, 1996). Four variations of these 

models have been identified in the management information systems literature (Leidner 

& Jarvenpaa, 1995). 

1. One Constmctivist Model of Leaming is based on Piaget's developmental 

theory of knowledge creation. This theory posits that individuals create knowledge 

during their development through interaction with objects in the environment (Ormrod, 

1995). 

2. The Cooperative Model of Leaming (Slavin, 1990) focuses on leaming 

through interaction with other individuals. 

3. The Cognitive Information Processing Model of Leaming (Bmning, Schraw, 

& Ronning, 1995) is a model that extends the constmctive model by focusing on 

underlying cognitive processes that occur during leaming. 

4. The Sociocultural Model of Leaming (O'Loughin, 1992) is a model that takes 

part of the constmctive model and modifies it through the influence of context, 

particulariy cultural background, metacognition, and personal knowledge. This model is 
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based on the assumption that knowledge cannot be divorced from the historical and 

cultural background of the leamer. 

2.2.2 An Altemative Teaching Taxonomy 

Joyce and Weil (1996), in the fifth edition of a well-cited book in the area of 

education and instmctional design, state that "models of teaching are really models of 

leaming. As we help students acquire information, ideas, skills, values, way of thinking, 

and means of expressing themselves, we are also teaching them how to leam" (p.7). This 

reflects the belief that while teachers may set up some conditions for leaming, the 

leaming process is uniquely intemal for each individual student. As such, the leaming 

process is potentially affected by a host of other factors and varies with differences 

among individuals (Jonassen & Grabrowski, 1993; Joyce & Weil, 1996; Wisher, 1998). 

Four broad categories of leaming models have been identified and relabeled into families 

of teaching models. 

1. The behavioral systems family of models takes advantage of the student's 

ability to modify behavior in response to tasks and feedback. 

2. The social family of models ranges from process of organizing students to 

work together to analysis of complex social problems. 

3. The information processing family of teaching or leaming models focuses on 

the student's ability to seek and master information, organize, hypothesize, test and apply 

what they leamed. 

4. The personalistic family of models supports the development of a student's 

personal identity (Joyce & Weil, 1996). 
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This classification of teaching models attempts to be grounded in a practical 

classroom context and appears less constrained by the philosophical arguments and 

divisions seen in the obj ecti vist-constmctivist debates used in Leidner and Jarvenpaa's 

(1995) taxonomy of leaming. Joyce and Weil (1996) classified these teaching models for 

the purpose of their implementation in the classroom. This can make them much more 

suitable for operationalization in a research setting than the more abstract classifications 

and descriptions used in the previous section. 

Table 2.1 shows the relationship between two theoretical schools of leaming 

(Leidner and Jarvenpaa, 1995) and the family of teaching models. A full comparison of 

all models is listed in Appendix H. Additionally, these tables show the specific models 

of teaching, each of which has been described in detail by Joyce and Weil (1996) in terms 

of syntax, social system, principles of reaction, support system, and instmctional and 

nurturant effects. 

Table 2.1. A Comparison of Selected Leaming Models and Models of Teaching. 
Leaming Models Family of Teaching Teaching Models (Joyce & 

(Leidner & Jarvenpaa, Models (Joyce & Weil, Weil, 1996) 
1995) 1996) 

Objectivist Behavioral Family 

Constmctivist -
Cooperative 
Model of Leaming 

Social Family 

Mastery Leaming 

Direct Instmction 

Simulation 

Social Leaming 

Programmed Schedule 

Positive Interdependence 

Stmctured Inquiry 

Group Investigation 
Role Playing 

Jurispmdential Inquiry 
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2.3 Instmctional Design Theory 

Instmctional design theory is a prescriptive theory focusing on the prediction of 

leaming outcomes, given the variables and conditions of instmction (Tennyson, Schott, 

Seel, & Djijkstra, 1997). Merrill (1994) has categorized the variables of interest in 

instmctional design theory into four interrelated classes. Class One variables contain 

instmctional situation variables such as student, instmctional environment, and 

institutional characteristics. Class Two variables consist of subject-matter variables 

including content and task characteristics. Class Three variables contain instmctional 

strategy variables including presentation, stmctural, and management strategies. Class 

Four variables consist of instmctional outcome variables including aspects of 

effectiveness, efficiency and appeal. Some possible relationships in this model (Figure 

2.2) demonstrate the complexity in achieving leaming outcomes. Class One and Three 

not only directly affect outcome variables, but also affect each other in potentially 

Class One 
Instmctional 

Situation Variables 

Class Four 
Instmctional 

Outcome Variables 

^ 
w 

^ 
^ 

Class Two 
Subject-Matter 

Variables 

Class Three 
Instmctional 

Strategy Variables 

Figure 2.2. A Prescriptive Model of Instmctional Science (Merrill. 1994) 
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complex sets of effects. Each relationship among these classes of variables in Merrill's 

model deals with an unspecified subset of parameters for that class of variables. 

While this model specifies a general research framework in terms of broad classes 

of "variables" as described by Merrill (1994, p. 12), it does not specify the specific 

relationships among lower order constmcts in enough detail to directly support much 

needed research into the effects of various electronic delivery systems. Specifically, its 

lack of detail does not explain the effects of various models of leaming and leaming 

interaction on leaming outcomes. The model also does not directly address the effect of 

information technology on leaming interaction and outcomes. 

Information technology relates directly to two classes of variables in the Merrill 

model. Information technology affects class one instmctional situation variables, 

specifically by changing the instmctional environment. Information technology also 

affects the class three instmctional strategy variables through its effect on the 

presentation strategy. The model does not explain the specific effects of the class one, 

information technology variables, on the class three, information technology variables, or 

the effect of either class of variables on class four instmctional outcome variables. 

Although it is a general model, the Prescriptive Model of Instmctional Science does 

provide a conceptual underpinning for further research into the effects of information 

technology on leaming. The development of four classes of variables and the potential 

complexity of relationships between them provide a basis for model building and the 

development of subsequent research propositions derived from these new models. 

Instmctional design is rooted in the need for improving the communication 

between teachers and students intended to facilitate leaming. The communication 
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messages in instmctional design primarily concem the information and problem-solving 

procedures inherent in the subject matter being leamed. The field of instmctional design 

is based on the problem of how best to design instmction. Insttiictional design may be 

implemented either instantaneously with or in advance of its application. Instantaneous 

design occurs when a teacher answers a student's question, as is routinely done in a 

classroom setting. Advance design occurs prior to the student-instmctor interaction 

during the development of textbooks, laboratory manuals, computer-aided instmction, 

and other products. The theoretical domain of instmctional design encompasses the 

whole teaching-teaming process and the acquisition of knowledge and skills. Theory 

informing instmctional design comes mainly from the field of systems engineering, 

heavily influenced by psychology. The specific branch of psychology used in 

instmctional design is behaviorism (Dijkstra, 1997), which is a stream of research that is 

consistent with the objectivist school of thought. 

There is not a universal theory of instmctional design. For example, Klauer 

(1997) classifies instmctional designs based on the domains of declarative versus 

procedural knowledge. Using this classification, Klauer argues that some instmctional 

design models are better suited for teaching complex procedural skills v\ hile others are 

better at imparting a large amount of declarative information. 

The selection of instmctional design methods is not always driven by the 

instmctional (i.e., declarative or procedural) task. Wagner (1990) states that technical 

considerations have been the predominant drivers of media selection in distance 

education. She further argues that this is an irresponsible criterion. Rather, she 

advocates the integration of methodologies from the field of instmctional design. These 
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methodologies generally begin with the determination of several parameters including the 

instmctional goal, followed by a leamer and instmctional analysis, development of 

performance objectives and assessment tests, selection of instmctional strategies, and 

then the selection of media/materials. The typical instmctional design methodology 

concludes with an evaluation of the design developed and revisions as required. Wagner 

(1990) argues that the parameters in distance education should be viewed as 

contingencies and calls for research into the effects of various combinations of 

instmctional design techniques and media. 

Wagner also suggests that media tend to be more effective if leamer-focused, 

instmctor-directed, instmction-centered, and design-driven. Leamer focused means that 

media will meet leamer's needs. The term instmctor-directed refers to meeting an 

instmctor's need via media selection. Instmction-centered selection of media has the goal 

of maximizing the probability of eliciting the intended instmctional outcomes. Design-

driven selection means that constraints (financial, human, equipment, time, and similar 

variables) are considered as contingencies that are partially managed through the media 

selection process (Wagner, 1990). The implication of this approach is that interaction 

processes should be planned as part of the design of distance education. Interaction 

processes should follow from the leaming and instmctional analysis and then be 

implemented via an instmctional strategy that is supported by appropriate media 

selection. 
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2.4 Distance Education - Theory and Practice 

The field of distance education (Keegan, 1996) or distance leaming as it is 

referred to by some (Howard, 1997) has evolved over the years since its initial focus on 

paper and pencil-based correspondence courses. The field has embraced a number of 

media including text, audio, television, and computing. These media have utilized a 

number of technologies, including print, radio, cassettes, telephone, computers, 

broadcasting, video cassettes, video discs, cable satellite, fiber optics, video conferencing, 

and CD-ROM. Applications of distance education include course units, supplementary 

materials, tutoring, databases, electronic publishing, programs, videoconferences, 

computer-aided leaming, and multi-media. Applications include both one-way and two-

way connectivity between teacher and leamer (Bates, 1995). 

2.4.1 Interaction in Distance Leaming Theory 

Most theories of leaming suggest that leaming needs to be active to be effective 

(Bates, 1995; Smith, 1996). In defining active leaming, two contexts for interaction have 

been identified: individual and social (Bates, 1995). The individual context refers to 

interaction between the individual leamer and leaming material. This context is 

important in post-secondary education since most studying is done alone as students 

interact with text and media. The recognition of this context has lead to more thorough 

designs focused on building opportunities for interaction into leaming materials used in 

distance education. 

The social context refers to two or more people and their interaction with one 

another and together with the leaming material. Leaming as a social activity can be 
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categorized into three types of interaction, which are: student-designer, student-tutor, and 

student-peer. Student-designer interaction is more common with interacti\ e technologies 

than in traditional distance education. This type of interaction can be measured as 

student-computer interaction occurring as the student progresses through the computer-

based training package previously created by the instmctional designer. Sttident-tutor 

interaction was primarily via correspondence or telephone in the past, but is now 

facilitated by newer information technologies that permit interaction with the course 

instmctor, referred to in this research as student-instmctor interaction. Student-peer 

interaction is often a neglected form of interaction in correspondence courses, but is a 

factor in distance education of groups. All three types of interaction are possible with or 

without face-to-face contact. Both individual and social interactions are important to 

leaming (Bates, 1995). 

The quality of interaction from a technology perspective may be described by the 

capability of the technology to encourage individual interaction with the leaming material 

as well as its capability to encourage and support interaction with the program designer, 

the tutor, and with other leamers. Quality of interaction provided by a technology also 

can be evaluated by determining its capacity for providing feedback to the leamer (Bates, 

1995). One factor potentially affecting the level or type of interaction required for 

success may be characteristics of the individual leamer including: demographics, 

educational background, cognitive styles, leaming styles, psychological type, attitudes, 

and the effects of educational environments. 

Leamer independence from the time and space constraints of the traditional 

classroom is a goal often discussed in the distance education literature. Teachers, 
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however, have an epistemologically justified role within the domain of distance 

education. Through this role, the teacher should have an impact on the leamer's 

cognitive abilities. This cognitive impact comes about through the interaction between 

the teacher and leamer. Teachers provide guidance to the leamer's thinking and bring 

about understanding through the interaction process (Sammons, 1990). Even in a 

distance leaming environment, teaching is a catalyst that can mediate leamer activity and 

guide leamer conceptual schemas. Prompting and guiding are essential for the 

independent leamer to avoid misdirected and improper leaming activities. Information 

technology can be used to foster this mediation by enabling communication which is 

fuller and in more depth (Sammons, 1990). 

Sammons (1990) calls for research into the usefulness of mediation in distance 

education, types of mediating activities, the effectiveness of different types of mediations, 

the facilitating and limiting factors of various types of media, the effect on individual 

leaming outcomes, and the effects of mediation on course completion. The mediated 

instmctional transaction is described as a differentiating feature of distance education. 

Transactional distance has been defined as a function of dialogue (student-instmctor 

ability to respond to one another) and stmcture (a measure of a course's responsiveness to 

individual leamer needs). Therefore, varying either the level of dialogue or the level of 

stmcture can change transactional distance. In the absence of dialogue, increasing the 

stmcture through the design of written materials, television programs, or computer-

assisted instmction can decrease transactional distance. The asynchronous teaching and 

leaming process, characteristic of many past distance education programs, is non-

interactive, requiring a high level of stmcture. Increased dialogue reduces transactional 
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distance and can be achieved through the use of both existing and new information 

technologies such as integrated systems providing shared voice and video 

communication. 

Shared communication systems and application software intensify voice and sight 

dialogue by the teacher's capability to access a variety of information sources and 

expeditiously provide them to the leamer. This allows teachers to vary the level of 

stmcture as they communicate with leamers. The transaction participants, in a cybemetic 

relationship, control the dynamics of the teacher-leamer interaction through variations in 

the level of dialog and stmcture. The teacher and leamer are virtually together, 

minimizing transactional distance as if face-to-face (Saba, 1990). The distance of the 

instmctional transaction may be extended for leamers preferring minimal interaction and 

more individual control than for leamers preferring more intimate interaction and more 

teacher control and stmcture (Moore, 1990). The significance of transactional distance 

on interaction is the system view, which is useful for the analysis and optimization of 

dialogue and stmcture in the design of distance education systems (Saba, 1990). 

2.4.2 Research Findings in the Distance Education Literature 

A review of the distance leaming literature (Howard, 1997) reported that in most 

instances all forms of distance leaming were at least as effective as traditional instmction. 

This finding is consistent with previous reviews of distance leaming (Barron, 1987; 

Keane & Gary, 1990; Miller, McKenna, & Ramsey, 1993; Moore, 1989; Weingard, 

1984). The Howard review was derived from 57 studies including reviews of 13 meta

analyses. It reported that while distance leaming was effective for a variety of individual 
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sttident and group situations, development of distance leaming modules could be costly 

and the need to reconfigure instmctional materials warranted ftirther research. Howard 

(1997) also reported that the need for student-instmctor interaction in distance leaming 

required that instmctors receive training in interaction skills. Many of the distance 

leaming studies were concemed with two-way interaction between students and the 

instmctor. The need to improve interaction with the use of an array of information 

technologies (bulletin boards and e-mail) was cited. Studies showed that direct student-

instmctor contact improved student completion rates as well as student's perceptions of 

the course. 

A possible limitation of distance education centers on the issue of whether 

students will complete the course. Factors influencing completion of distance education 

courses include the maturity, level of self-motivation, and previous academic success of 

the students (Howard, 1997; Keegan, 1996; Mood, 1995). One study found that the level 

of course difficulty and student persistence interact in affecting course completion rate 

(Chacon-Duque, 1987). The number of assignments, amount of student support, and the 

amount of instmctor time devoted to the course jointly determined the difficulty level of 

the course. The study found that courses with a very low difficulty rating resulted in 

higher early dropout rates while courses with a very high difficulty rating resulted in late 

dropout rates. Courses with moderate difficulty ratings had higher retention (fewer 

dropouts) than courses with either very high or very low difficulty ratings, an in\ erted U-

shaped relationship. The conclusions and recommendations of this study were to use 

contemporary and appropriate media, evaluate instmctor workloads to ensure an 
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appropriate allocation of time to students, increasing multimedia approaches, and training 

distance education instmctors (Chacon-Duque, 1987). 

Although interaction as a constmct was not directly considered in the Chacon-

Duque (1987) study, feedback on assignments, level of student support, and instmctor 

time devoted to the course are factors that influence student-instmctor interaction. The 

inverted U-shape relationship between difficulty and the dropout rate is consistent w ith 

the findings of Van Haalen and Miller's (1994) study of student-initiated interactions in a 

high school physics course conducted via distance education. These findings support the 

need for additional research to classify and understand interaction as a research construct. 

2.5 Research Findings on Knowledge Delivery in MIS 

This section presents examples of MIS research - on the effects of training on 

information systems and research in user training methods then discusses recent trends in 

delivery of knowledge. Research in the field of MIS has identified training as a key 

determinant of information systems success; however, research on how best to deliver 

training to users has not integrated the findings on leaming interaction from other fields. 

The inference from research findings on training methods is a need for more research on 

the effect of information technology on leaming outcomes. A number of trends also 

points to the need to better understand the effects of technology on leaming interaction 

and the subsequent effects on leaming outcomes. 

28 



2.5.1 Impact of Training on Information Systems' Success 

Training has been identified in a number of research efforts as a significant 

antecedent to the successful implementation of information systems. This fact has been 

substantiated in the decision support system literature (Alavi & Joachimsthaler, 1992; 

Guimaraes, Igbaria, & Lu, 1992), expert systems research (Yoon, Guimaraes, & O Neal, 

1995), and research on microcomputer use (Igbaria, Guimaraes, & Davis, 1995). A 

shortcoming in previous information systems research has been the failure to investigate 

further the nature of the training to any large degree. For example, a typical instmment 

reported in the September 1997 MIS Quarterly asked: 

To what extent have you had intemal training? ... This was ... rated on a 
Likert scale of 1 -5 for the categories operations systems, spreadsheets, 
work processing, and application packages. (Igbaria, Zinatelli, Cragg, & 
Cavaye, 1997,p.304) 

The constmct described as training in this research article was operationalized solely by 

the one question above for each category. The authors cite training as a significant 

factor in their model of computing acceptance factors in small firms. They validated this 

association through the use of stmctural equation modeling. However, the authors did 

not operationalize or measure either the type of training received (e.g., self-study, 

classroom lecture, classroom hands-on, computer-based training, or training embedded 

into applications) or the leaming outcomes of the training. Consequently, there is no way 

to account for the effectiveness of training and the resulting user leaming outcomes. 

Research into the determinants of information system (IS) success (Alavi & 

Joachimsthaler, 1992; Guimaraes et al., 1992; Yoon et al., 1995) also has not explored 

training as a research constmct beyond citing its reported positive effects on information 
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system success. The magnitude of the positive effect, how that effect is achieved, and the 

impact of information technology itself on training has been left to other studies. 

2.5.2 MIS Research in User Training Methods 

This section summarizes three research papers published in MIS joumals. The 

articles looked at training methods - one study pitted methods versus leaming ability -

another study pitted methods versus computer interface - the third study looked at the 

leamer's preferred style. All three clearly show a need for more research into the 

relationships between information technology and leaming outcomes. 

A longitudinal study examined the relationship between the methods used to train 

operators in new information systems use and the cognitive ability of these operators to 

end-user satisfaction, comprehension, and skill transfer (Simon, Grover, Teng, & 

Whitcomb, 1996). The research focused on a Navy unit that had been issued a new 

logistical information system. Using this system required that operators leam to perform 

a rather stmctured set of tasks. Evaluations were conducted of users trained with three 

different methods: instmction (lecture), exploration (independent study), and behavior 

modeling (combination of lecture and independent study). The use of hands-on training 

methods, especially when accompanied with behavior modeling resulted in superior 

retention of knowledge, transfer of leaming, and end-user satisfaction. In this study, pre

existing cognitive ability of the individual user was not detemiined to be a good predictor 

of training success. Cleariy, stmctured tasks are best taught by stmctured methods, 

however there is a need for much more research. 
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The effect of computer interfaces and leaming styles on training ha\ e been the 

subject of limited research that had mixed results. An investigation of the roles of 

computer interfaces and training methods found that users performed better with a direct 

manipulation interface and an "Apple" operating system (graphic user interface) than 

with DOS (command line interface). The same study, however, did not find differences 

among the methods of leaming used, which were instmction and exploratory training 

(Davis & Bostrom, 1993). This lack of difference is speculated to be the result of the 

complexity and scope of the leaming task as well as the limited time available for 

experimentation. Davis and Bostrom (1993) reported that no long-term studies had 

examined the long-term leaming effects of the user interface. The operationalization of 

the instmction versus exploratory approaches was also cited as a potential factor for the 

findings. Future research is recommended to determine how training methods are affected 

by the duration of training, user background, and the processes by which individuals 

leam to use computers. 

Bostrom, Olfman, and Sein (1990) reported that leaming mode is an important 

indicator of leaming performance, suggesting that training methods should be matched to 

individual difference variables. This finding was challenged based on a weakness in the 

measurement instmment (Ruble & Stout, 1993). This challenge was defended by 

reasserting that a sound theory had been tested, that the results were in the expected 

direction, and that the best available instmment at the time was used (Bostrom, Olfman, 

& Sein, 1993). The effect of leaming styles and individual difference remains an area for 

exploration by information systems researchers. 

31 



2.5.3 Emerging Trends in Academe. Business, and Govemment 

In response to a White House memorandum directing the investigation of the use 

of technology to enhance leaming and education (The White House, 1998), a number of 

initiatives focusing on advanced distributed leaming have recently been made. The 

Undersecretary of Defense for Research expressed one of the goals of the Department of 

Defense research effort in distributed leaming. The interest in distributed leaming 

research is on 

.. .Interaction between the leamer and instmctor via instmctional content 
and leaming management tools that utilize platform-independent browser 
technologies. Distributed leaming denotes not only distance-based 
technologies, but also enabled technologies that push and pull educational 
objects, regardless of media, into a classroom, or distribute educational 
objects over the net to remote sites in an interactive manner. (The Total 
Force Distance Leaming Action Team Newsletter, August 1998, p. I) 

Supporting govemmental working groups on distributed leaming have identified 

subtopics of distributed instmction in need of research and development such as the 

exploration of links between specific design decisions and instmctional outcomes. These 

identified subtopics support the need for further research oriented toward the 

development of advanced distributed leaming tools designed to increase the level of 

leaming interaction (Research Group Working Notes, November 1997). The need to 

understand interaction occurring during the leaming process is critical to the development 

of advanced knowledge delivery systems called for by this national research agenda. 

The impact of distributed leaming on the field of management information 

systems can be seen in three areas including: (I) classroom support; (2) development and 

distribution of course material; and (3) training modules embedded into the structure of a 

wide variety of information systems. Electronic classrooms, which are being used in 
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govemment, industry, and academia, are playing an increasing role in distributed leaming 

in the classroom. Education brokerages, a concept in which course modules are 

developed and subsequently sold via electronic commerce, may also play an increasing 

role in the distribution of educational and training products in the future (Hamalainen et 

al., 1996). The emergence of electronic performance support systems is another area, 

loosely linked to distributed leaming that benefits from research into electronic 

knowledge delivery. Electronic performance support systems, developed either 

concurrently with a new information system or separately in support of a new 

information system, can benefit from a richer understanding of the factors that facilitate 

successful delivery of knowledge (Cole, Fischer, & Saltzman, 1997; Dublin, 1993; Gery, 

1991, 1997). The impacts of distributed leaming on MIS require that the field be 

informed of the effects of these systems on organizations, systems developers, and end 

users. 

2.6 Interaction in the Leaming Process 

The interaction process is generally presumed to be important to leaming in 

theoretical circles, but it also is a popular issue in education reform as evidenced in the 

call for smaller class sizes by educators and politicians. Here, one major presumption is 

that lowering student-teacher ratios will increase the interaction between student and 

teacher. The desirability of lowering student-teacher ratio is predicated not only for 

primary and secondary education (Main & Riise, 1995), but also is reflected in the 

rankings on U.S. universities published annually in US News and World Report. An 

analysis by Redding and Fletcher (1994) of the value of interaction among participants in 
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interactive videodisc instmction included a review of over one hundred studies. This 

review produced results that clearly support the value of interaction as an influence in 

leaming outcomes (Redding & Fletcher, 1994). 

Most distance leaming courses are designed to specifically address the degree of 

interaction between student and instmctor and to compensate for the possible reduction in 

interaction caused by the physical separation of student and teacher (Kinger & Connet, 

1992; Wetzel, Radke, & Stem, 1994). This perceived need by distance educators to 

enhance opportunities for interaction has lead to concurrent changes in both the 

instmctional design and the media used to deliver instmction. While interaction among 

participants is generally assumed to influence leaming achievement in a positive 

direction, some studies show that it does not guarantee achievement in all cases (Beare, 

1989; Kettanurak, 1996; Wagner, 1992, 1993). 

Main and Riise (1995) call for a better definition of leaming interaction and its 

effects on distance leaming. Leaming interaction is described as a multidimensional 

constmct by several authors. Boak and Kirby (1989), in their development of the System 

for Audio Teleconferencing Analysis instmment, describe three dimensions for 

interaction. These dimensions are identified as characteristics of the initiator (who 

initiates the interaction), the direction of the interaction (directed at one student, at the 

instmctor, or to the class as a whole), and the context of the interaction (procedural, 

content specific, or social). Kettanurak (1996) proposes three dimensions in considering 

the degree of interaction. They are frequency, which refers to how often the user 

interacts with the instmctor/system; range, which refers to the number of choices 
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available to the user; and modality, which refers to type of sensory systems used by the 

instmctor/system and the user. 

Other potentially important dimensions or aspects of leaming interaction ha\ e 

also been introduced into the research literature. For example. Main and Riise (1995) 

propose six major dimensions of interaction of which quantity of interaction is one 

dimension. The notion of low quality is applied in describing rote interaction observed 

with some computer-based training packages in which most of the interaction occurring 

between a user and the computer merely advances the system to the next screen. High 

quality interaction, on the other hand, would engage the student creatively (Dale, 1978). 

Quality has been further defined along the dimensions of intensity, relevance, formality, 

and opportunity (Main & Riise, 1995). Hughes and Hewson (1998) imply that the 

required level of interaction varies by activity. They propose that each teaching activity 

is a micro genre, or communicative activity, which should be analyzed to determine the 

appropriate teaching method and associated level of interaction. 

2.7 Summary of Background Literature 

This review of the literature clearly supports the need for training as it pertains to 

information systems development and use. The most effective way to deliver that 

training, however, is a major issue. There are muUiple theories in the field of education 

and psychology that support a number of different approaches to the delivery of training 

and/or instmction. The information systems research community has begun to integrate 

these theories and the methods they spawn into information systems research, but results 

are few and clearly not definitive. Industry, meanwhile, continues to use a varietv of 
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training approaches and has been innovative in introducing both electronic and integrated 

performance support systems in an attempt to provide knowledge to workers at the right 

place, at the right time, and in the right amount. However, more research is required to 

identify the factors that add value in the delivery of knowledge. 

Clearly, while the interaction among participants in the leaming process has been 

identified as a critical constmct in many theoretical models as well as a practical 

consideration for implementing instmction, the literature is imprecise in defining the 

term. This lack of clarity appears to be due to the multidimensional nature of the 

interaction process and to limitations in the design and execution of past research. More 

research is needed into the complexities of interaction and its effects on leaming 

outcomes as it applies to the subject of electronic knowledge delivery. 
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CHAPTER III 

RESEARCH METHODOLOGY 

The methodology used for this research is based on Wallace's (1971) model of the 

scientific process as it focuses on the research problems stated in Chapter I. The Wallace 

Model synthesizes theory constmction using inductive methods and theory application 

using deductive methods. The methodology integrates both logic methods (theorizing) 

and empirical research (research methods). 

The methodology integrates these methods into stmcture of informational 

components, methodological controls, and information transformations. The 

informational components of the Wallace methodology consist of theories, hypotheses, 

observations, empirical generalizations, and decisions to reject or fail to reject 

hypotheses. Methodological controls in the Wallace methodology include concept 

formation, proposition formation and proposition arrangement, logical deduction, 

interpretation, instmmentation, scaling, sampling, measurement, sample summarization, 

parameter estimation, tests of hypothesis, and logical inference. Information is 

transformed as it passes from informational components to methodological control 

(Wallace, 1971). 

To address the research problem, concepts have been "swept in" (Churchman, 

1971) to develop a theory or model to be used as the basis for gaining insight. The 

theories and findings, used as the underpinnings for the theory development of this 

research, are those discussed in Chapter II. These empirical generalizations and logical 

inferences from a number of research sources have been synthesized into a conceptual 
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model (Wallace, 1971), which is discussed in detail in Chapter IV. This model includes 

constmcts of primary interest, such as information technology, leaming models, leaming 

interaction, and leaming outcomes. It also includes potentially confounding constmcts 

needed to address the research questions, such as task characteristics, individual 

characteristics, and instmctor characteristics. 

A set of propositions, also discussed in Chapter IV, has been formed and arranged 

based on the conceptual model. Each of the constmcts in the conceptual model is 

operationalized into a set of measurable research variables, most of which have been 

identified in the background literature. Logical deduction is used to transform the 

conceptual model into a set of empirical hypotheses (Wallace, 1971). 

The hypotheses listed in chapter V serve as the basis for testing the conceptual 

model. A survey instmment developed to measure the variables is discussed in Chapter 

IV. The measurement of variables provided observations that were synthesized into 

empirical generalizations through the process of measurement, sample summarization, 

and parameter estimation (Wallace, 1971). The use of computer-based statistical 

applications has been used to support hypothesis testing. Using the parameter estimates, 

tests of the empirical hypotheses for conformity with the conceptual model were 

conducted (Chapter VI). The outcome of these tests of the parameter estimates led to 

decisions to reject or fail to reject the empirical hypotheses (Chapter VII). These 

decisions provide the basis for further logical inference and study conclusions (Chapter 

VHI). 

The next two chapters discuss the implementation of the Wallace research 

methodology. Chapter IV provides the details of the development of the conceptual 
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model. Research propositions derived from the model are also discussed and the 

operationalization of constmcts is presented. Chapter V provides the details of the 

development of the empirical hypotheses, the research environment, research procedures, 

and the data analysis plan. 
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CHAPTER IV 

CONCEPTUAL DEVELOPMENT OF THE INFORMATION 

TECHNOLOGY-LEARNESfG INTERACTION MODEL 

The Information Technology-Leaming Interaction Model presented in this chapter 

draws on literature from a number of disciplines including instmctional design (Merrill, 

1994; Tennyson, Schott, Seel, & Dijkstra, 1997), management information systems 

(Liedner & Jarvenpaa, 1995), distance leaming (Keegan, 1996; Main & Riise, 1995; 

Moore, 1990), and education (Joyce & Weil, 1995). The purpose of the model is to better 

understand and explain the effects of information technology in achieving leaming 

outcomes by integrating knowledge from these disciplines as called for by Coldeway 

(1990). This model fills an apparent gap in our understanding of the role of information 

technology and its effects on leaming interaction and leaming outcomes. Previous 

research in the effects of information technology on leaming, particularly in distance 

education literature, has reported that the "...research problems are complicated, often 

confounded with a variety of interlocking variables, and expensive to conduct" 

(Coldeway, 1990, p. 392). Additionally, several antecedents to interaction among 

participants in a leaming environment and the effect of this interaction on leaming 

outcomes, discussed in the literature as potentially confounding factors, have been 

synthesized as constmcts in the Information Technology-Leaming Interaction model. 
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A more specific framework to support model building is the Taxonomy of the 

Impact of Information Technology on Leaming (Liedner & Jarvenpaa, 1995) previously 

presented in Figure 2.1. This taxonomy is useful for framing MIS research and 

identifying lower level constmcts in the area of leaming. This taxonomy includes a 

number of key constmcts but fails to include leaming interaction as a constmct associated 

with leaming processes. This omission appears to be a significant oversight and is 

inconsistent with the literature on leaming, which consistently addresses the need for 

leaming interaction when implementing technology supported leaming (Bates, 1995; 

Keegan, 1994; Main & Riise, 1995). 

A synthesis of existing models was required to address the research questions 

presented in Chapter I. The next section presents a new model that applies relationships 

in this model in more detail to explore the effects of information technology on leaming. 

4.1 The Information Technology-Leaming 
Interaction Model 

The Information Technology-Leaming Interaction Model, depicted in Figure 4.1, 

is a conceptual model developed during this research to fill in the gaps in current research 

models. The Information Technology-Leaming Interaction Model proposed in this 

research focuses on the effects of two independent constmcts, information technology 

and leaming model, on a mediating constmct, leaming interaction, and on a dependent 

constmct, leaming outcome. Although not specifically addressed in the Merrill model, 

leaming interaction is a process that could be described as influenced by the situation and 

strategy, but occurring before or concurrent with the final leaming outcome. The model 
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also includes the potentially confounding effects derived from individual leamer, task or 

instmctor characteristics. This conceptual model theorizes that information technology 

and the leaming model have a statistical interaction (joint) effect on leaming interaction. 

Information technology provides instmctors with the capability to create unique 

instmctional environments. These environments include the traditional classroom, the 

distance leaming environment, or a distributed leaming environment, each of which may 

potentially be augmented by a wide array of existing and newly developed information 

technologies. 

The creation of instmctional environments is contingent upon a number of factors 

including characteristics of the individual leamer (Howard, 1997; Merrill, 1994; Morgan 

et al., 1998; Tennyson, 1997), leaming task (Merrill, 1994; Tennyson, 1997), and 

Individual 
Characteristics 

Model of 
Leaming 

Task 
Characteristics 

A 
Instructor 

Characteristics 

Degree of 
Leaming 

Interaction 

Leaming 
Outcome 

Information 
Technology 

Figure 4.1. The Information Technology - Leaming Interaction Model 
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instmctor (Morgan et al, 1998). The instmctor, it is posited, takes these factors into 

account in the selection of a leaming model to guide the instmctional process. How 

features and implications of the model of leaming are utilized in the process is a function 

of the instmctor's experience, knowledge of instmctional design, and teaching style. 

The instmctor's knowledge of leaming models can vary greatly depending on her 

or his background. At one extreme, the instmctor may have no knowledge of leaming 

models. In this case the instmctor may merely create an environment and execute an 

instmctional program that emulates what he or she has previously observed. This is most 

likely the case for newly graduated management information systems majors who are 

relatively untrained in conducting training and are inexperienced instmctors. This 

assessment is based on the lack of detailed knowledge of leaming or teaching models 

found in the body of knowledge elements in the 1997 Model Curriculum and Guidelines 

for Undergraduate Degree Programs in Information Systems (Davis, Gorgone, Cougar, 

Feinstein, & Longenecker, 1997). This proposed standard requires only that information 

systems graduates comprehend and use knowledge of "training: e.g. user, management, 

operation, systems, training, and materials" (Davis et al., p. 61). The proposed standard 

does not require that the underlying concepts of leaming theory or teaching models be 

included in the curriculum. 

At the other extreme, a knowledge instmctor may carefully select and modify 

formal models that are specified in the education literature (Joyce & Weil, 1996). The 

selection of the model of leaming is, in part, also dependent on the learning task. The 

content of the task and the desired leaming outcome level of the student will influence 
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the specific design of the instmctional environment. Finally, the selection of an 

appropriate leaming model will also be guided by characteristics of the students. 

Leaming interaction occurs within the instmctional environment. Assessing 

leaming interaction requires that the amount, type, timeliness, method, spontaneity, and 

quality of interaction be evaluated (Main & Riise, 1995). The capabilities that are 

provided by supporting information technologies affect the instmctional en\ ironment and 

also potentially affect leaming interaction. These capabilities may moderate leaming 

interaction by facilitating interaction between an instmctor and a student and over 

distances through synchronous or asynchronous media (Leidner & Jarvenpaa, 1995). 

Information technology also provides the capability to serve as a surrogate instmctor by 

using computer-based training. 

In computer-based training, it's critical that the instmctor-designer uses 

instmctional design techniques to implement leaming models. The selection and 

implementation of instmctional design techniques that take advantage of the interactive 

capabilities of information systems is critical (Merrill, 1994; Tennyson, 1997). Just 

achieving interaction in leaming is not sufficient, however. Leaming interaction is a 

determinate of leaming outcome, but the relationship may not be linear (Van Halen & 

Miller, 1994). The shape of this relationship may depend on how interaction is 

operationalized. Higher levels of social or off-task interaction, as opposed to interaction 

focused on the leaming task at hand, have been shown to be counterproductive in 

cooperative leaming environments (Dalton, 1990). 

The leaming outcome is an individual constmct that has been described as 

consisting of a number of levels corresponding to the depth of knowledge of a particular 
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subject area, ranging from knowledge of facts to the ability to synthesize and evaluate 

concepts (Bloom, Englehart, Furst, Hill, & Krathwohl, 1957). Taxonomies other than 

Bloom's also have been developed to sequence instmction (Gagne, 1970), integrate 

outcome and performance levels (Merrill, 1973), and measure cognitive behavior alone 

(Leith, 1970). These taxonomies are built on the notion that in determining the most 

appropriate form of instmction or in predicting how leamers will leam, leaming outcome 

is the most important variable (Jonassen & Grabrowski, 1993). 

This research focuses on a reduced set of constmcts, using the ftill model to 

identify constmcts that need to be controlled either through the experimental design or 

statistical control. The Information Technology-Leaming Interaction Model, shown in 

Figure 4.1, highlights in bold boxes the reduced set of constmcts of interest. These 

constmcts are used to address the specific research questions of the present study, within 

the constraints of research resources. 

Key constmcts of interest in the reduced model are the applicable model of 

leaming, information technology, leaming interaction, and leaming outcome. The 

purpose of the model is to aid in explaining the effects that information technology and 

leaming models have on leaming interaction and leaming outcomes. Research into this 

question is prompted by findings of Clark (1994), who maintained that evaluations of 

technology effectiveness have confused delivery technology (information technology) 

and instmctional technology (leaming model embedded in an instructional design). Clark 

(1994) makes the case that this confusion has led to misleading research results in the 

past, which has made it difficult to determine how delivery technology and instmctional 

technology singly or jointly affect leaming outcome. Distinguishing between delivery 
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and instmctional technology is a critical precursor to any future studies of causality in 

improving student leaming. Succeeding subsections discuss in more detail all the key 

constmcts in the conceptual model. 

4.1.1 Leamer Characteristics 

A large body of research has shown that leaming is a complex process. The broad 

range of leamer traits that have been identified over several decades is one source of this 

complexity. Examples of traits of interest include aptitude for leaming, cognitive locus 

of controls, cognitive styles, leaming styles, personalities, and prior knowledge (Jonassen 

& Grabrowski, 1993). Research findings on the effects of leamer traits on leaming 

outcomes have been mixed due in part to the absence of a consistent research 

methodology. Nevertheless, research has shown that leamers think, process information, 

and leam differently. An example germane to this research is that students who 

demonstrate high levels of academic ability have been found to perfomi better at some 

computer tasks, regardless of instmctional treatment (Jonassen & Grabrowski, 1993). 

A problem does occur when this key constmct is used as a factor in research. The 

problem arises from the complexity of the constmct. Over 25 distinct categories of 

individual differences have been identified that pertain to leaming. These individual 

differences have been studied and have generated over 146 "standard" sur\ ey instruments 

reported in one source alone (Jonassen & Grabrowski, 1993). Many of these instmments 

each contain over fifty questions. The evidence from past research would infer, how ever, 

that an attempt to control for some of these factors should be made. Key constmcts 

identified by Leidner and Jarvenpaa (1995) for consideration in information technologv 
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research in education include self-efficacy (self-assessment of leaming capability), affect 

(satisfaction and interest in leaming), motivation (motivation by a leaming method), 

leaming style (preferred mode of leaming), thinking level (higher versus lower-order 

thinking), strategies (metacognitive strategies used by students), and processing (amount 

and frequency of processing of new information). Any experiment involving individual 

differences and leaming is constrained by practical limitations reducing the number of 

constmcts that can be included in a given experimental design. 

4.1.2 Task Characteristics 

Task characteristics in this model are focused on the cognitive tasks that the 

leamer is to perform. In a particular leaming situation leamers may have the task of 

acquiring declarative or procedural knowledge (Klauer, 1997). Tennyson and Breuer 

(1997) have added the task of acquiring contextual knowledge. Declarative knowledge 

focuses on the "awareness and meaningfulness of content" (Tennyson & Breuer, 1997, p. 

120) of a subject area including concepts, mles, and principles. Procedural knowledge 

focuses on knowing how to use selected concepts, mles, and principles. Contextual 

knowledge refers to knowing why, when, and where to use specific concepts, rules, and 

principles. These are generally consistent with Merrill's (1994) Component Display 

Theory, which classifies content levels as facts, concepts, procedures, and principles. 

They are also consistent with Leidner and Jarvenpaa's (1995) definition of their constmct 

referred to as context. While a wide range of potential leaming tasks exists, the 

validation of the research discussed in Chapter V will focus on a single leaming task as a 

matter of practicality. 
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4.1.3 Instmctor Characteristics 

Instmctor characteristics of interest include interpersonal skills (Howard, 1997) 

and charisma, as "it is axiomatic that the difference between a good teacher and a great 

teacher is the ability to motive their students to leam" (Main & Riise, 1995, p. 11). The 

ability to motivate has been cited as more important when instmctor and student are 

physically separated as in distance education situations (Mood, 1995). Technology skills 

of the instmctor are especially important in the context of information technology-

assisted or technology-delivered instmction (Howard, 1997) as they must assume the role 

of troubleshooter if technology fails (Mood, 1995). The level of preparation of course 

materials has also been cited as an important factor in information technology supported 

or delivered courses (Keegan, 1996; Howard, 1997; Mood, 1995). This includes the 

course development either by the instmctor or supported by a team of course developers 

including the instmctional design of the course (Merrill, 1994; Moore, 1990; Tennyson, 

1997). While instmctor is a critical constmct, this research will use a common 

instmctional design, randomly assign instmctors to treatments, and control for their effect 

to allow for experimental manipulation of other constmcts. 

4.1.4 Leaming Model 

Joyce and Weil's (1996) taxonomy, outlined in Table 2.1 is used to identify 

various types of leaming models and related teaching models. This taxonomy appears to 

lend itself to clearer identification and differentiation of leaming models and their 

subsequent operationalization. The leaming model can be identified by its classification 

as a behavioral, social, information processing, or personal model. The present research 
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will use the behavioral and social models, specifically the direct instmction and group 

investigation methods. 

The direct instmction method consists of explaining a new concept or skill to a 

group of students, conducting a controlled practice under the teacher's direction, and then 

continuing to practice under the teacher's guidance. It is classified as a behavioral 

method because of the emphasis on modeling, reinforcement, feedback, and successive 

approximation. Teacher questions and student responses are an integral part of this 

method. Student-instmctor interaction is a critical part of this method (Joyce & Weil, 

1995). This method is also consistent with the "active lecture" designed for use at the 

college level (Bonwell, 1996). 

The group investigation method is a social model of leaming (Joyce & Weil, 

1996) that is implemented at a very low level of complexity in this research. The specific 

method selected to operationalize this model is the informal cooperative leaming group 

(Smith, 1996), which is designed to focus students' attention on the material to be 

leamed, set a mood conductive to leaming, and to ensure that students cognitively 

process material being taught. This method is compatible with lectures by encouraging 

focused discussions during the lecture with tum-to-your-partner discussions as well as 

discussion after the lecture. In this case, student pairs jointly complete an in-class 

assignment after presentation of the concept. Both student-instmctor interaction and 

student-peer interaction should be enhanced by use of a social model (Smith, 1996). 
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4.1.5 Information Technology 

A wide variety of information technologies is now available to support the 

implementation of leaming models in both the traditional and non-traditional classroom. 

A list and summary description of these technologies is listed in Appendix F. The 

complete list produced by Leidner and Jarvenpaa has not been included in Appendix F, as 

some categories appear to mix training methods and technologies. For instance, distance 

leaming is considered to be a classroom automation technology described as "...the 

transmission of a course from one location to another" (Leidner & Jarvenpaa, 1995. p. 

274). Both Keegan (1996) and Bates (1995) disagree with this limited view, but rather 

see distance education as a field that uses a wide array of information technologies. 

A review of the distance leaming literature finds that leaming at a distance can be 

at least as effective as traditional course instmction (Howard, 1997). However, the role 

of information technology in leamer effectiveness has been conftised in many evaluations 

of distance education and should be measured separately from the instmctional design in 

a leaming context (Clark, 1994). In this study three delivery mechanisms consisting of a 

software demonstration, a muhimedia presentation, and computer-based training will 

provide altemative information technologies for the experimental groups. 

4.1.6 Leaming Interaction 

Main and Riise (1995) not only call for a better definition of leaming interaction, 

but also offer a taxonomy of interaction for evaluation and research. Their synthesis of 

the literature yielded six major dimensions of interactivity. These categories, however. 
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have not been subjected to empirical testing. These six dimensions are discussed below 

as lower order constmcts into which the leaming interaction may be decomposed. 

1. The first constmct identified is the amount of interaction. Amount of 

interaction is reported to be the most commonly captured data in distance leaming 

studies, and is often examined in terms of student feedback. 

2. The type of interaction is the second constmct, referring to the participants in 

the interaction. Type of interaction may be classified as instmctor-student, student-

student, and student-computer interaction. 

3. Timeliness is the third constmct of interaction identified in the taxonomy. 

This constmct refers to the immediacy of communication feedback. 

4. Method of interaction, the fourth constmct, is the form of encoding used for 

the communication message. Methods include voice, satellite transmissions with one

way video and two-way audio, test-based interaction via computer network, non-verbal 

gestures, response pads, and graphic displays. 

5. The fifth constmct is spontaneity of interaction. Spontaneity refers to the use 

of planned or embedded interaction versus unplanned or ad hoc interaction occurring 

during the leaming process. 

6. The sixth and last constmct is quality of interaction. This constmct is also a 

complex constmct, which can be subdivided into the five lower order constmcts of 

intensity, relevance, depth, formality, and opportunity. Intensity reflects the emotional 

involvement of the participants. Relevance refers to the relationship of the interaction to 

the lesson content and can range from professional to personal. Depth focuses on the 

importance of the interaction to the subject matter and can range from trivial to 
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substantive. Formality refers to the mles of interaction the participants must adhere to 

and range from formal to informal. Opportunity is the degree to which participants ha\ 

the ability to interact when desired. 

4.1.7 Leaming Outcome 

The last constmct in the Information Technology-Leaming Interaction Model is 

leaming outcome. A number of taxonomies have been developed to classify leaming 

outcomes. Bloom et al. (1956) developed what is referred to as Bloom's Taxonomy of 

Leaming Objectives, which provides a hierarchical stmcture for organizing cognitive 

abilities that could change as a result of a leaming experience. These cognitive abilities 

are of interest in educational testing. The hierarchy of cognitive abilities begins at the 

lowest (least complex) level with "knowledge" that involves only the ability to recall 

facts, terms, and methods without any necessary understanding. The second level, 

"comprehension," focuses on use of knowledge at an elementary level of understanding 

or the ability to provide interpretation of facts, terms or methods. "Application" is the 

third level in the hierarchy requiring abstraction of mles from knowledge. The fourth 

level is "analysis," which requires the determination of stmcture or organization from 

sets of ideas. "Synthesis" is the fifth level. It focuses on derivation of new plans from 

the parts of an old one. The last level, "evaluation," is the highest cognitive level 

focusing on making criteria-based judgements within a particular context (Jonassen & 

Grabrowski, 1993). Potential relationships among the constmcts just discussed are 

outlined in detail in the following section. 
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4.2 Research Propositions 

Nine propositions follow from a consideration of the four key concepts in the 

Information Technology-Leaming Interaction Model. An assumption in all of these 

propositions is that experimental or statistical controls are in place to control for the 

possible influence of factors other than those related to the key constmcts. The nine 

research proposals are listed below and depicted in Figure 4.2, which identifies the 

proposed theoretical propositions directly derived from the conceptual model in Figure 

4.1 as well as a set of altemative propositions which will be addressed later in Chapter V, 

which discusses validation of the model. 

Individual 
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Task 
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Model of 
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Information 
Technology 

Leaming 
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P8^ * 
Leaming 
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Figure 4.2. The Information Technology - Leaming Interaction Model with Constmcts 
Used for Proposition Formation and Altemative Relationships Mapped. 

PI. The use of various combinations of information technology and leaming 

models during the instmction process will result in different levels of leaming outcomes. 
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P2. The use of various combinations of information technology and leaming 

models during the instmction process will resuh in different levels of leaming interaction. 

P3. Changes in the level of information technology used in the deliver} of 

instmction resuU in different levels of leaming outcomes, when controlling for the 

models of leaming. 

P4. Changes in the level of information technology used in the delivery of 

instmction will result in different levels of leaming interaction, when controlling for the 

models of leaming. 

P5. The use of social models of leaming during the delivery of instmction will 

result in different levels of leaming outcomes than individual leaming models, when 

controlling for information technology. 

P6. The use of social models of leaming during the delivery of instmction will 

result in different levels of leaming interaction than individual leaming models, when 

controlling for information technology. 

P7. Models of leaming and information technology have a statistical interaction 

effect on leaming interaction. 

P8. Models of leaming and information technology have a statistical interaction 

effect on leaming outcomes. 

P9. Leaming interaction is positively correlated to leaming outcomes. 

These propositions provide the basis for the operationalization of constmcts in a research 

environment described in the next section. They are also the basis for the development of 

hypotheses specified in Chapter V. 
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4.3 Operationalization of the Information Technology-Leaming 

Interaction Model 

The constmcts in the model will be operationalized within the environment of a 

field experiment using students. The majority of the constmcts will be operationalized as 

variables measured via a survey instmment discussed in more detail in Chapter V. The 

survey instmment developed is based on a search of instmments used and validated in 

previous research, including the Surveys in Information Systems Repository (Newsted, 

Huff, & Munro, 1998). Existing instmmentation was found in the areas of individual 

differences and leaming outcomes. Additional instmmentation has been developed to 

measure constmcts for which existing instmmentation is unavailable. To fill the gap in 

instmmentation, the taxonomy of Main and Riise (1995) is used as the conceptual basis 

for the development of survey questions designed to measure leaming interaction. To 

maintain consistency with existing and newly developed instmments, a 7-point Likert 

scale was selected as the standard for obtaining subject responses. 

4.3.1. Operationalization of Leamer Characteristics 

The operationalization of leamer characteristics was designed to capture 

constmcts potentially influencing leaming interaction and leaming outcomes. These 

variables are used as potential covariates in the study. Differences betw een students 

should be controlled in order to support the generalizadon of research findings (Main & 

Riise, 1995). Specific variables included in the research design are those ha\ ing 

significant or conflicting findings in previous leaming and information systems research 

or cited as needing to be controlled. Variables selected to operationali/e leamer 
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differences in this research are experience, academic ability, age, gender, academic 

major, and self-efficacy. The detail of the operationalization of individual characteristics 

can be found in Table 4,1. 

Table 4.1 Operationalization of Constmcts - Leamer Characteristics 

Constmct 

Leamer 
Characteristics 
(Main & Riise, 
1995) 

Lower Order 
Constmct 

Demographics 

Experience 
(Main & Riise, 
1995) 

Cognitive 
Ability 

Self-efficacy 
(Liedner & 
Jarvenpaa, 1995) 

Variable 

Age (Main 
& Riise, 
1995) 

Gender 
(Main & 
Riise, 1995) 

Academic 
Major 

Specific 
Task 
Experience 

General 
Task 
Experience 

Delivery 
System 
Experience 

Academic 
Ability 
(Hiltz, 
1988) 

Software 
Self 
efficacy 

Measure 

Classification variable - Question 
asking for selection of subject's age 
from 9 categories (Adapted from 
Hiltz, 1988) 

Classification variable - Question 
asking for selection of subject's 
gender from 2 categories (Adapted 
from Hiltz, 1988) 

Classification variable - Question 
asking for selection of subject's 
academic major from 10 categories 
(Main & Riise, 1995) 

Likert scale rating experience with 
Visual Basic programming 
(Adapted from Hiltz, 1988) 

Likert scale rating experience with 
programming (Adapted from Hiltz, 
1988) 

Likert scale rating experience w ith 
computers (Adapted from Hiltz, 
1988) 

2 questions asking to identify their 
GPA and SAT scores from 9 
categories each (Adapted from 
Hiltz, 1988) 

Scale of 6 questions on 7-point 
Likert scale (Webster & 
Martocchio, 1992) 
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Prior computer experience is a variable that has reportedly not had an impact on 

leaming in previous sttidies (Hiltz, 1988; Howard, 1997; Kulik, 1994). However, since 

experience has not been examined with respect to leaming interaction, controlling for the 

effects of this variable has been recommended in future studies (Main & Riise, 1995). 

The ability level of students has not been discussed in many studies (Howard, 1997). 

Student ability as measured by SAT score, was found to have greater effects on the 

leaming of high ability students using computer-mediated communication (Hiltz, 1993). 

Conversely, other studies have reported that the effects of student ability on leaming was 

greater for low ability students (Howard, 1997). Self-efficacy has been identified in 

social leaming theory as affecting the leaming process (Bandura, 1996). Age and gender 

are other variables that should be measured and potentially used to control studies of 

leaming interaction (Main & Riise, 1995). 

4.3.2. Operationalization of Task Characteristics 

The introduction of a new software package to a group of untrained subjects was 

the task selected to operationalize the task characteristics. The subjects are required to 

leam the purpose of the software and the fundamentals of software operation. This 

includes leaming about the components of the user interface, how to manipulate software 

components, and the use of the software to perform basic tasks for which the software 

was developed. This task is intended to be representative of the task of leaming 

declarative knowledge associated with a wide range of software packages, having a 

graphical user interface, used for purposes with which users are unfamiliar. 
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The task characteristics operationalized in this experiment are in the context of an 

introductory computer course at the college sophomore level. The specific class selected 

for the experiment is a mandatory class in the College of Business Administration at 

Texas Tech University. This class includes a weekly two-hour laboratory session, graded 

as a separate component of the course. While this course covers the fundamentals of 

common software contained in office suites such as Microsoft Office, many students 

have previously been exposed to most of these software components. This could hinder 

measurement of leaming, the primary variable of interest in this research. This is an 

important issue as reported by Stephenson (1992), who cited a study of computer-based 

training in which 54% of the students made a perfect score on the multiple-choice 

measure of leaming. This brings into question the ability of this instmment to adequately 

measure changes in leaming as well as subsequent findings of the study. 

The instmctional block on Visual Basic (VB) was selected as the leaming task for 

this experiment. Based on instmctor reports from previous semesters, students are 

consistently not familiar with Visual Basic software. As a control measure in the 

research, all students were exposed to exactly the same leaming tasks. These include the 

task of leaming terms and concepts of the Visual Basic development environment, how to 

create forms and controls, and how to insert code associated with Visual Basic controls. 

4.3.3. Operationalization of Instmctor Characteristics 

Each treatment group was represented by three laboratory sections. Each 

laboratory section was assigned an instmctor. Two of the information technologies used 

in the experiment require the laboratory instmctor to deli\ er instmction (teach the class). 
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The technology in these two treatments operates in a supporting role in the deli\ ery of 

instmction. Since the performance of instmctors is not a question addressed in this 

research, instmctors have been treated as a blocking factor having random effects on the 

experimental treatment. Blocking allows for statistical control of the effects of instmctor 

characteristics on the treatments. Each of the instmctors teaching classes with supporting 

technology was assigned four laboratory sections, one section of each treatment type. 

Computer-based training (CBT), the third information technology, uses the 

computer as the primary means of instmctional delivery. The use of CBT technology 

places the classroom instmctor in a supporting role in the delivery of instmction. 

Laboratory sections using computer-based training as the experimental treatment also 

have instmctors assigned. The main task of these instmctors was to orient students to 

the appropriate leaming model, facilitate the use of the Intemet-based CBT by students, 

and answer any student-generated questions about the course material. For experimental 

design purposes, these instmctors were treated as having a random effect on the treatment 

groups. Each instmctor was assigned two laboratory sections, each of which used 

different leaming models. 

All instmctors were provided instmctional materials appropriate for the assigned 

treatments. They were also provided with individualized instmctions that described 

specific tasks they were required to perform to implement the assigned experimental 

treatments. All instmctors received background material on the experimental objectives 

through discussion and literature on implementing the leaming models. The material 

focused on the use of active leaming techniques (Bonwell, 1996) and cooperati\e 

leaming techniques (Smith, 1996) in the college classroom. All of the instmctors 
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supporting the experiment had at least one semester of experience teaching this course. 

Instmctors of computer-based training classes had the opportunity to use the CBT 

package and were informed of technical issues associated with getting students connected 

to system. 

Instmctors using only the software package of interest and a multimedia computer 

system normally teach this course in the laboratory sections. This constituted the base 

case treatment for this research. During the fall semester, these instmctors were provided 

with a PowerPoint presentation for evaluation in support the instmction in Visual Basic. 

During the conduct of the experiment, which used six different treatments, the 

introduction of the cooperative leaming model was the only major change requiring extra 

preparation of the instmctors. The operationalization of the leaming model is discussed 

further in the next section. 

4.3.4. Operafionalization of Leaming Model 

The leaming model was operationalized as a classification variable with two 

levels. The basic instmctional model for both levels uses an active leaming method. The 

active leaming method is designed to encourage student interaction during the instmction 

in the college classroom (Bonwell, 1996). The instmctional model was modified for the 

two levels of treatment (Table 4.2). The first level implemented a direct instmction 

model (Joyce & Weil, 1996) using active leaming techniques to individual students. The 

second level was a social model (Joyce & Weil, 1996) using the same instmctional 

material but modifying the delivery by organizing student participants into coopcrati\ c 

leaming pairs (Smith, 1996). The selection of dyads rather than a larger group is 
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supported by research findings on the use of various group sizes when conducting CBT 

training (Bellows, 1987; Cox & Berger, 1985; Stephenson, 1992). Implied in the social 

model are the benefits of group work such as idea generation and discussion, w hich have 

the potenfial to influence leaming outcomes. The social model therefore is related to the 

level of interaction in the classroom. 

Table 4.2 Operationalization of Constmcts - Model of Leaming 
Constmct Lower Order Variable Measure 

Constmct 
Model of Model of Teaching Active Leaming Model of Classification variable ~ 
Leaming Instmction (Bostrom, student organization: 

1996) with 2 levels of 0 - individual leamers 
student organization I - cooperativ e pairs 
(Smith, 1996) 

The instmctional design for all classes used the design embedded in the computer-

based training package on Microsoft 5.0 Visual Basic Fundamentals by CBT Systems 

Inc., one of the information technologies used in this research. This software and its 

embedded instmctional model were selected because it implements the active leaming 

model advocated by Bonwell (1996) and is conducive for use in a cooperative 

environment as advocated by Smith (1996). Another reason these particular leaming 

models were selected as variables to operationalize the leaming model was because they 

are designed to elicit interaction from students while retaining the ability to control for 

potentially confounding factors, such as instmctor, through the stmctured nature of the 

instmctional design. Other models of teaching such as simulations, non-directive 

teaching, role-playing, and thinking inductively, are not as stmctured as the model 

selected. They also call for different instmctor roles, increasing the required preparation 

of the laboratory instmctors, and increasing the chance of bias being introduced due to 
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lack of instmctor preparation. Implementation of the two selected models was not 

considered a difficult task for the laboratory instmctors to implement, gi\ en the stmcture 

and support provided. 

4.3.5. Operationalization of Information Technology 

Information technology is operationalized (Table 4.3) through three altemativ e 

delivery mechanisms. The first is a commercial computer-based training package on 

Visual Basic. The second is a lecture by an instmctor that is supported by multimedia 

technology. The third delivery mechanism is a lecture by an instmctor using a live 

Visual Basic software demonstration. Each of these information technologies provides 

distinctive features. 

Table 4.3 Operationalization of Constmcts -Information Technology 
Constmct Lower Order Variable Measure 

Constmct 
Information Delivery Delivery Classification variable identifying the 
Technology Medium Mechanism technology used: 

0- Lecture using only the live Visual 
Basic software demonstration, 
1- PowerPoint supported lecture and 
Visual Basic software, or 
2- Computer-based training software 
and Visual Basic software 

CBT is a technology that has been available for installation on single computers 

for some time and is now available for deployment over the Intemet, using browser 

technology on a student's machine. This recent advance facilitates the widespread use of 

CBT technology in (1) a stmctured classroom environment by students utilizing 

networked computers, (2) to individual students in any location with Internet access as 
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supplemental homework assignments, or (3) to students in a pure distance leaming 

environment. 

The use of a commercial CBT product frees instmctors from the task of 

instmctional design. The CBT product used in this research provides the students w ith 

several mechanisms for interaction. A series of embedded questions prompts leamers to 

respond during the course of instmction. The student also has the ability to go back to 

previous screens, a feature in the controls of the software. The student also has the ability 

to navigate within the program to major sections of the instmctional module. A 

limitation of the CBT is that it is highly stmctured and only provides feedback to students 

in response to questions embedded in the software. 

The lecture supported by an animated PowerPoint presentation provides the 

capability to present a stmctured presentation supported by previously prepared visual 

aids. Graphic presentations are often bundled with textbooks as part of the instmctional 

support packages or are created by individual instmctors. These presentations are often 

amenable to modification and personalization by individual instmctors. Because of the 

widespread availability of this technology, it was selected for evaluation in this a 

research. The PowerPoint presentations used in this research included integrated graphic 

images of the Visual Basic development environment as well as examples of forms and 

controls. Animation is embedded in the presentation to present text, graphics, and 

highlighting effects such as arrows that coincide w ith the lecture points being made by 

the instmctor. Questions to prompt student interaction are embedded in the design of the 

presentation. This pro\ ides a means to elicit student interaction. The embedded 

questions parallel the questions embedded in the CBT design. A limitation of this 
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technology is in the number of questions to which an instmctor can respond in a gi\ en 

period. The instmctor is also limited in answering off-topic questions to some extent by 

the presence of the prepared slides. The instmctor has more flexibility to verbally answer 

questions that are outside the scope of the prepared presentation, but may have to forego 

the use of the prepared material to interact with students. 

The lecture supported only by the live Visual Basic software demonstration is the 

base case, representing the means by which most software is taught in this and other 

classes. The use of this technology provides the instmctor with the greatest flexibility in 

answering questions that may be outside the stmcture of the prepared presentation. The 

instmctor has the capability to use any feature of Visual Basic to support discussion with 

students. A drawback to using only the live Visual Basic software demonstration is the 

potential to inadvertently omit instmctional topics. The execution of the planned 

stmcture of the presentation is the responsibility of the instmctor. Each component of the 

Visual Basic development environment is highlighted for students through the use of a 

pointing device rather than embedded graphics with key instmctional points, such as 

those available in the CBT and PowerPoint delivery mechanisms. The broader 

interactive capabilities of the live environment are countered by the potential to omit 

topics or present topics out of the planned sequence, which could interfere with the 

student's ability to leam. 

4.3.6. Operationalization of Leaming Interaction 

Leaming interaction is operationalized as perceived leaming interaction via self-

reported survey, based on the Main and Riise (1995) taxonomy of interaction (Table 4.4). 
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Table 4.4 Operationalization of Constmcts - Leaming Interaction 
Constmct Lower 

Order 
Constmct 

Variable Measure Using a 7-point 
Likert Scale 

Leaming 
Interaction 

Amount 
(Van Halen 
& Miller, 
1994) 

Type (Boak 
& Kirby, 
1989) 

Timeliness 
(Main & 
Riise, 1995) 

Perceived Leaming 
Interaction (Fulford 
& Zhang, 1993) 

Frequency (Main & 
Riise, 1995) 

Length (Main & 
Riise, 1995) 

Participant Partem 
(Main & Riise, 
1995) 

Volition (Main & 
Riise, 1995) 

Total Message 
Transmission Time 

Spontaneity Spontaneity (Main 
& Riise, 1995) 

Quality Intensity (Main & 
(Dale, 1988) Riise, 1995) 

Relevance (Main & 
Riise, 1995) 

Formality (Main & 
Riise, 1995) 

Opportunity (Main 
& Riise, 1995) 

of amount, timeliness, and quality. 

Question asking for agreement on 
overall frequency of interaction. 

Question asking for rating the overall 
time spent interacting in class. 

Question asking subject agreement 
that they initiated most interactions. 

Question asking for agreement that 
they were required to interact. 

Question asking for agreement that 
responses provided were timely. 

Question asking for agreement that 
interactions were mainly planned. 

Average of 3 questions asking for 
agreement that interactions were 1) 
routine, 2) interesting and 3) 
emotionally involving. 

Average of 3 questions asking for 
agreement that interactions were: 1) 
academically related, 2) about Visual 
Basic, and 3) on personal topics. 

Question asking for agreement that 
interactions were mainly formal. 

Question asking for agreement that 
there w as ample opportunity for 
interaction. 
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Fulford and Zhang (1993) support the use of a perceived measure of leaming interaction, 

reporting that perceived interaction may be as important to leaming outcomes as actual 

interaction. The initial measure of perceived leaming interaction used in this study was a 

summafion often variables identified by Main and Riise (1995) and their supporting 

literature. While this initial measure consists of a simple summation, there has been no 

empirical research to support any particular way of combining these measures. A factor 

analysis was conducted to investigate perceived leaming interaction and is discussed in 

detail in Chapter IV. The result of the analysis was a modification of the measure of 

perceived leaming interaction. The modified measure averages the measures of amount, 

timeliness, and quality of interaction rather than the simple summation often separate 

factors originally proposed. 

4.3.7. Operafionalization of Leaming Outcome 

Leaming outcome is operafionalized (Table 4.5) via a questionnaire to assess the 

level of declarative knowledge leamed by each student. To assess the increase in 

knowledge, a test consisting of fourteen multiple-choice quesdons was administered to 

subjects. The test was administered to subjects as a pretest, prior to receiving instmction, 

and again as a posttest at the conclusion of instmction. The test used is a modified 

version of the test on Visual Basic forms and controls embedded in a secfion of the CBT 

package not used by students during the experiment. The test was e\aluated with 

experienced students during the pilot study to ensure that the difficulty level was not too 

low (Stephenson, 1992). E.xperienced students scored an average of 74.6% on the 

posttest, indicating that the test had a fairiy high level of difficulty. 
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Table 4.5 Operationalization of Constmcts - Leaming Outcomes 
Constmct Lower Order Variable Measure 

Constmct 
Leaming Knowledge Knowledge of Difference in post-test and 
Outcomes Visual Basic Forms pre-test scores on a 14 

and Controls question multiple choice test 
on Visual Basic Forms and 
Controls. 

The next chapter discusses the use of the operationalized variables just described 

to validate the Informafion Technology-Leaming Interaction Model. Approaches to 

validation are discussed followed by a series of research hypotheses used to assess 

potential relationships between the variables discussed in this chapter. 
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CHAPTER V 

VALIDATION OF THE INFORMATION TECHNOLOGY-

LEARNING INTERACTION MODEL 

Validation refers to the process of determining the degree to which a model is an 

accurate representafion of the real world from the perspective of the model's intended 

uses (Youngblood & Pace, 1995). Barlas and Carpenter (1990) discuss the philosophical 

approaches to model validation that are used as the basis for the validation of The 

Informafion Technology-Leaming Interacfion Model. The first potential philosophical 

approach is the logical empiricist, foundationalist philosophy of model validation. This 

approach is a formal, algorithmic process in which validity is a matter of formal 

accuracy. This process assumes that the model is an objective and absolute 

representation of the real system and it must be determined whether the assumptions are 

tme or false. This is accomplished through empirical research using the application of 

research methods (Wallace, 1971). 

The second altemafive is the relativist, functional, holistic approach. This 

approach assumes that a valid model is only one of many possible ways to describe a real 

situation. Under this second philosophy, no model or framework can claim absolute 

objectivity, as every model reflects the modeler's world. As such, models or frameworks 

are neither tme nor false but lie along some confinuum of usefulness (Barias & 

Carpenter, 1990). 

The first view of validafion is used in the validation of The Information 

Technology-Leaming Interaction Model. Specifically, the validation of The Infomiation 
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Technology-Leaming Interacfion Model consists of the development of research 

hypotheses, derived from the proposifions and the operationalization the constmcts 

(Wallace, 1971) discussed eariier in Chapter IV. Operafionalized variables, subjected to 

experimental treatments and hypothesis testing are used to validate the model. The next 

secfion addresses the use of the operationalized variables in hypothesis testing. 

5.1 Research Hypotheses 

A series of research hypotheses, derived from the research propositions, are 

developed below to test the Informafion Technology-Leaming Interaction Model (Figure 

5.1). For each hypothesis, the altemafive form of the hypothesis is used, omitting the 

explicit statement of the null hypothesis of equal means. The six treatment groups 

contain all the possible combinafions of three levels of delivery mechanisms and two 

levels of student groupings. 

Learning Environment Learning Process Learning Outcome 

Individual 
Characteristics 

Task 
Characteristics 

Instructor 
Characteristics 

Student 
Grouping 

Delivery 
Mechanism 

H7 
Perceived 
Leaming 

Interaction 

Knowledge 
of Visual 

Basic Fonns 
and Controls 

Hi M 1 * H2*... * (i6 

Figure 5.1. The Operationalized Information Technology-Leaming Interaction 
Model with Variables Used for Hypothesis Formation and Annotated Hypotheses. 
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Each of the hypotheses is derived from its proposition counterpart previously 

discussed in secfion 4.2. For example, hypothesis HI is derived from proposifion PI. 

The purpose of the first hypothesis is to determine whether differences exist in the 

leaming outcomes of the six groups. 

H1: There is a difference in the mean scores on knowledge of Visual Basic forms 

and controls between the six treatment groups. 

The next hypothesis is designed to test whether differences exist in the le\ el of 

leaming interaction between the six treatment groups: 

H2: There is a difference in the mean perceived leaming interaction between six 

treatment groups. 

The next two hypotheses are designed to test whether differences exist between 

groups receiving instmction with the three altemative delivery mechanisms: 

H3: There is a difference in the mean knowledge of Visual Basic forms and 

controls between groups receiving instmction through different deli\ er>' mechanisms. 

H4: There is a difference in the mean perceived leaming interaction between 

groups receiving instmction with different delivery mechanisms. 

The next two hypotheses are designed test whether differences exist betw een 

student groupings: 

H5: There is a difference in the mean knowledge of Visual Basic forms and 

controls between groups receiving instmction when varying the student grouping. 

H6: There is a difference in the mean perceived leaming interaction between 

groups receiving instmction when varying the student grouping. 
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The next two hypotheses have the purpose of testing for statisfical interaction 

effect of the student grouping and the delivery mechanism: 

H7: Delivery mechanism and student grouping exhibit a statistical interaction 

effect on leaming interaction. 

H8: Delivery mechanism and student grouping exhibit a statistical interaction 

effect on knowledge of Visual Basic forms and controls. 

The last hypothesis tests for correlation between leaming interaction and leaming 

outcomes. 

H9: There is a positive correlation between the mean perceived leaming 

interaction and mean knowledge of Visual Basic forms and controls. 

5.2 Research Environment 

The field experiment was conducted with business students in an introductory 

information systems course at Texas Tech University. The students, assigned to separate 

lab sections (up to 18) with up to 39 students in a section, were organized in a manner to 

facilitate the administration of various treatments, completing data collection in all 

secfions in a five-day period. Students were required to leam the fundamentals of a new, 

unfamiliar software package. Visual Basic. The sttidents were required to leam the 

functionality of the software, the components of the software, and basic user interface 

navigafion, which focused the research on the task of increasing student declarative 

knowledge. 

The course selected was a required subject for all majors in the business school. 

A mandatory course, which included separately scheduled lab sections, was selected as 
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the experimental setting to increase the sample size and facilitate the administration of six 

experimental treatments. The course material used as the task in the experiment was an 

integral part of the course. Experimental treatments consisted of the use of valid 

informafion technologies and leaming models that are available for use at the discretion 

of the instmctor of record. Student participation in the research consisted of volunteering 

to provide data via a survey administered both at the beginning and end of a scheduled 

class session. Specific procedures used to prepare for and conduct the research are 

discussed next. 

5.3 Research Procedures 

The context of the experiment to test the research hypotheses is an introductory 

laboratory session on the fiindamental concepts of Microsoft's Visual Basic 5.0. The 

nomenclature and function of the development environment and features of forms and 

controls make up the declarative knowledge that the students are expected to leam during 

the laboratory sessions. The student is also expected to leam the procedures for inserting 

code for associated forms, text boxes, and command buttons. All code used in this 

instmcfional module is provided to the student. Leaming the syntax of the Visual Basic 

language is not a leaming objecfive of this instmction. Specific student leaming 

objecfives of this course module are listed in Figure 5.2. 
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Leaming Objectives 

1. Show how to add controls to a form and set properties. 

2. Use properties, methods, and events to customize the interface for a Visual Basic 
application. 

3. Explain how to use properties, methods, and events to change the characteristics 
of basic controls. 

4. Describe how to make a Visual Basic application accessible by the keyboard. 

5. Demonstrate how to create and mn a simple application. 

Figure 5.2. Experimental Leaming Objectives. 

5.3.1 Research Coordination 

Approval was obtained from the Coordinator of the Area of Information Systems 

and Quantitative Science for access to and availability of students and instmctors for the 

main study. Following this approval, further coordinafion was made with the course's 

instmctor of record and the six supporting lab instmctors. Since the study required the 

participafion of human subjects, formal approval was obtained from the University's 

Committee for Protection of Human Subjects. 

Specific issues coordinated with the instmctor of record included task selection, 

scheduling supporting tasks, and the selecfion and assignment of lab instmctors. 

Experimental treatment groups were assigned to instmctors at random, within the 

constraints of a blocked design. Preparation of lab instmctors for the experiment 

included the presentafion of the experiment's objectives and plan. A discussion of the 

instmctor's role in administering various experimental treatments was conducted both in 
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a group and individual setting with the lab instmctors. Literature on acti\ e leaming 

techniques (Bonwell, 1995) and cooperative leaming (Smith, 1995) was provided to 

instmctors. A one-page instmcfion sheet for each treatment was developed and 

distributed to each instmctor (Appendix D). Coordinafion with computer services 

personnel in the college to synchronize the installafion and testing of the Intemet 

delivered computer-based training package with the pilot and main studies was also 

accomplished. 

5.3.2 Experimental Task 

The instmctional block on Visual Basic was selected as the task for this 

experiment. Instmctor feedback from previous semesters indicated that students taking 

this course are consistently not familiar with Visual Basic. This supported the 

experimental objective of having students leam unfamiliar software. All students were 

exposed to the same leaming tasks, which was facilitated by standardizing the content of 

instmcfional material across all laboratory sections. 

The length of the Visual Basic block of instmction was expanded from one two-

hour laboratory session to two two-hour laboratory sessions for the experiment. The first 

two-hour session centered on the tasks of (1) identifying the elements of the Visual Basic 

development environment, (2) an overview of the concept of event-driven programming, 

and (3) an overview of Visual Basic file management. 

Experimental treatments were implemented during the first w cek, but data w ere 

not collected. This allowed instmctors to practice delivering instmction using the 

assigned treatments. It also allowed students to become familiar w ith both the 
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informafion technologies and leaming model used in their particular sections. Students 

using a cooperafive leaming model were assigned to work with randomly selected 

partners. They worked with the same partner during week two. Students using 

computer-based training registered with the on-line system during week one and recei\ ed 

instmcfion on navigafing through the software. The presentation of research objectives to 

students and signing of consent forms by subjects was also conducted at the beginning of 

the class during week one. 

The experimental data were collected during the second session of this block of 

instmcfion. Instmction during this week had the leaming objecfives outlined in Table 

5,1. Instmction conducted during week two was preceded by administration of the first 

part of the questionnaire including the pretest. Instmction was presented either by the 

assigned instmctor or by the CBT software. Following conclusion of instruction the 

second part of the survey was administered including the posttest. 

5.3.3 Instmmentafion 

A combinafion of a questionnaire (Appendices A & B) and two optical scanning 

sheets (Appendix C) was used to collect data from each subject. Each subject answered a 

questionnaire regardless of whether he or she was working in pairs or alone. No 

personally idenfifying informafion was collected from subjects. This was done primarily 

to elicit frank responses on sensitive quesfions conceming (I) their past academic 

performance (SAT and GPA scores), (2) their evaluation of student-instmctor interaction, 

and (3) their evaluafion of the class. 
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Part One of the survey was administered at the beginning of class during week 

two. The first secfion of the instmment collected data later used to control the 

experiment statistically. Data collected included demographic information (age, group, 

gender, and academic major) and individual characteristics (prior experience, self-

efficacy, grade-point average, and SAT score). Also included in Part One of the survey 

was a pretest for assessing the subject's level of Visual Basic knowledge prior to 

instmctional treatment. The pretest consisted of 14 questions derived from the 

instmctional material. 

Part Two of the instmment was used to assess the level of interactivity, the 

subject's evaluation of the class, and the level of Visual Basic knowledge after treatment. 

The first section of Part Two consisted of questions measuring student's perceptions of 

classroom interaction. The second section collected the subject's evaluation of the class. 

The third section of the survey was the posttest. Questions on the posttest were identical 

to questions on the pretest. The researcher coded the fourth section of Part Two after the 

sheets were collected from each class. The delivery mechanism, leaming model, and 

assigned instmctor were recorded for each subject. 

5.3.4 Subjects 

The University is a residenfial campus consisfing of a young student population. 

Subjects were primarily sophomores in the College of Business Administration. 

Approximately 575 students were enrolled in the two lecture sections. The 575 students 

were also assigned to one of eighteen laboratory sections. A high incidence of reported 

illness among the student population during this month reduced o\ erall lab attendance to 
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about 75% of enrollment. Three hundred ninety-eight students volunteered to participate 

as subjects in this research. The volunteers accounted for over 90% of students in 

attendance at lab sessions during the weeks of the experiment. 

The high volunteer rate was achieved through a number of acfions. The material 

presented during the experiment was testable the week following data collection. This 

test was part of the student's course grade but was independent of the data collection 

effort. For this experiment, a presentafion of the research opportunity was made to the 

students in lecture classes prior to the first week's instmction. Additional presentations 

requesting volunteers were made to each of the lab sections. The presentations included 

the additional incentive that participants would be eligible for entry into a drawing for 

eight gift certificates. The eight gift certificates were redeemable at the establishments of 

local merchants, restaurants, and movies and had a combined value of $250.00. Research 

participants completing both parts of the survey instmment were entered into the 

drawing. This drawing was held and prizes were awarded to students in class the week 

following data collecfion. 

Most of the subjects (66.5%) were 20 to 24 years of age, with less than 7% being 

over the age of 30. The subjects consisted of 33.4% female and 66.6% male. The 

median SAT score reported by subjects was in the range 1050-1089 but over 60 students 

reported not taking the SAT. The median reported grade point average (GPA) w as in the 

range 2.75 -2.99 (4.0 scale). Only 3.9% of subjects reported a GPA of less than 2.0 and 

8.4% of the subjects reported a GPA greater than 3.75. The reported SAT scores and 

GPA appear to be reasonably representative of students at this university. 
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The composition of the class by major was varied as depicted in Table 5.1. This 

table shows that the largest major was Management Information Systems with 23.8% of 

the subjects. This was to be expected as the largest undergraduate major in the College 

of Business Administration is in the area of Management Information Systems. 

Table 5.1. Composifion of Subjects by Major. ^ _ _ ^ 
Major Count 

Accounting 35 

Finance 43 

General Business 40 

Management 28 

Management Information Systems 79 

Marketing 53 

Other M 

Total Number of Subjects 332 

Although Management Information Systems constitutes the largest major in the 

sample, 89.4% of the subjects reported that they were novices with Visual Basic 

programming. Of the subjects 58.4% reported that they were novices with any computer 

programming. Of the subjects 37.6% reported programming occasionally. Less than 4% 

of the subjects reported frequently programming. General experience with computers 

was much higher. Of the subjects 50.3% reported frequenfiy using computers, and an 

addifional 19.5% of the subjects reported that computers were central to their work or 

studies. 
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5.3.5 Pilot Smdv 

A pilot study was conducted to test the survey questionnaire (Litwin, 1995) and 

the facilities, including those supporting the information technologies used as treatments 

in the main study. The pilot study was conducted using PowerPoint and CBT as the 

primary informafion technologies and a single leaming model (individual, acti\ e 

leaming). Since the Visual Basic software was used in conjuncfion with both of these 

technologies, the use of Visual Basic alone was not included in the pilot test. 

Study subjects for the pilot study were obtained from a senior level MIS course. 

Volunteers were recmited and received extra course credit for their participation in the 

research. 20 students volunteered to be subjects for the pilot study. As with the main 

study, survey responses were anonymous. The pilot study was conducted in one session, 

covering only the instmctional material for week two. These students had a higher level 

of experience as management information systems majors, justifying not providing them 

with material covered during week one of the main study. Most students reported being 

unfamiliar with the specific features of Visual Basic as their only required exposure to the 

language in the curriculum is in the sophomore level introductory class. 

As a result of the pilot study a number of modificafions to the main study were 

made. The survey instmment required some minor changes. Changes were also 

required in the administrafion of the instrument. A set of detailed instmctions to be 

provided to lab instmctors in the main study was refined. The pilot study also revealed 

that changes to the PowerPoint presentation were needed. Lastly, the pilot study 

identified equipment shortfalls in the computer laboratory that had to be corrected before 

the main study could be conducted. 
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Several changes were made to the survey questionnaire. Answer numbers were 

modified on two quesfions that did not match opfions on the optical scanning sheet. Tw o 

quesfions were added to the instmment. The first asked subjects for an overall 

assessment of required interaction to measure volition. The second asked if the student 

initiated most interacfions. The instmctions for the questionnaire were modified. 

Specific instmctions for when to stop were added at the end of part one of the survey. 

Page numbers and form numbers were added to the questionnaire. Corrections w ere 

made in the numbering of some survey quesfions. 

Changes were made in the delivery of the surveys to subjects. Surveys for the 

main study were physically sealed, separating part one from part two. Sealing the 

surveys prevented students from reading quesfions on part two prior to the completion of 

instmction. A single envelope was used to package the survey questionnaire, tw o optical 

scanning sheets, and a ficket for entry in the incentive drawing. Pre-numbered survey 

forms were used to facilitate the comparison of the two parts of the survey by students. 

The packaging scheme also facilitated the identification of paired students without 

sacrificing anonymity. 

Changes were made to procedures developed for conduct of the experiment. A 

specific one-page list of customized instmctions was developed for instmctors to support 

the treatment being administered to each laboratory section. Instmctors w ere provided 

with two articles describing how and why active leaming (Bonwell, 1996) and 

cooperative leaming techniques (Smith, 1996) can be applied in the university classroom. 

Modificafions were made to the original plan for administration of surveys. 

Instmctors of the lab sections were not asked to administer the sursey. The researcher 
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was available at the beginning and end of each class to administer the survey. This 

change was made to allow the instmctor to focus solely on teaching course material 

without having the administrafive burden of data collection that could bias the quality of 

instmction. 

Several significant changes were made to equipment in the computer lab. The 

replacement of an unserviceable mulfimedia projector bulb was required to facilitate both 

the Visual Basic and PowerPoint technologies. The replacement of the instmctor's 

computer (486/33) with a faster computer (Pentium 133) was necessary to overcome slow 

transifion of PowerPoint slides used in support of the lecture. The slide show used in the 

pilot study took 10 sec per slide to display PowerPoint slides containing embedded 

Visual Basic screen images. Slides with embedded images constituted the bulk of the 

slide show. This inordinate fime delay was a major dismption in the instmctor's 

presentation of course material using PowerPoint during the pilot study but was corrected 

for the main study. A reading light was positioned at the instmctor's station to facilitate 

use of prepared talking points for the treatments using PowerPoint and the Visual Basic 

software demonstration. These talking points mirrored the material in the CBT software. 

All computers in the lab were checked for serviceability. Failed network 

connections preventing access to Visual Basic on lab computers were repaired. The 

Intemet browser plug-in for the CBT Player, which was required for receiving the CBT 

software, was installed on all computers in the lab. Modifications were made to network 

connecfions within the College that provided faster access between server and lab 

computers. The modification was made to correct a problem with simultaneous log-on of 

students to the CBT software on the ser\er at the beginning of class period. 
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Changes were made to the instmctional materials for the PowerPoint treatment as 

a result of the pilot study. The number of animations embedded in the PowerPoint 

presentation was reduced at the three instmctors' request. This reflected a desire to 

reduce the number of keystrokes required of the instmctor during the course of 

instmction. It did not change core material, but did change the sequence in which it was 

displayed. Rather than having the individual lines of text appear on screen as the 

instmctor discussed them, all text and graphics were displayed at one time. Visual Basic 

images embedded within the PowerPoint presentation were replaced with larger, easier to 

read images. Detailed steps were added to the Visual Basic practical exercise in the 

PowerPoint slide show to better mirror the material in the CBT package. 

5.3.6 Experimental Design 

The experiment had a total of six treatments. The treatments consisted of a 

combinafion of delivery mechanism having three levels and leaming model having two 

levels. The levels of delivery mechanisms are: lecture using Visual Basic software 

demonstrafion; lecture using PowerPoint to support the instmctor; and full information 

technology delivery using a commercial CBT program that is delivered via the Intemet. 

The two levels of leaming model are (1) direct instmction using active leaming 

(individual leamers) and (2) cooperative instmcfion using active leaming (paired 

leamers). 

Each treatment was applied to three class secfions for a total of eighteen sections 

organized into six groups. Each of the six groups underwent instmction. but were 
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subjected to varying condifions based on the combinafion of delivery mechanism and the 

student grouping (Table 5.2). 

Table 5.2. Experimental Groups. 

Student 
Grouping 

Direct 
Instmction 
(Individual) 

Cooperative 
(Student 

Pairs) 

Delivery Mechanism 
Lecture with 
Visual Basic 

Software 
Demonstration 

3 sections of 
approximately 35 
students (Base 
Case) 
3 secfions of 
approximately 35 
students 

IT-Supported 
Lecture 

(PowerPoint) 

3 sections of 
approximately 
35 students 

3 secfions of 
approximately 
35 students 

Full IT 
Delivery 
(CBT) 

3 sections of 
approximately 
35 students 

3 sections of 
approximately 
35 students 

Treatments were randomly assigned to instmctors who were treated as a blocking 

factor in the design. Other variables were included in the experimental design as 

covariates to account for the potential effect of individual differences. These included 

measures of experience, self-efficacy, and GPA. SAT was not included due to a large 

number of missing observafions driven by the university's acceptance of both ACT and 

SAT as entrance examinations. ACT data were not collected in the survey and therefore 

were unavailable for conversion to SAT equivilents. 

The purpose of the experimental design was to compare the means of the six 

treatment groups. The experimental design is depicted in Table 5.3. The means of each 

group, jiijk, were evaluated. The information technology used in the treatment is 

represented in Table 5.3 by the subscript/. The leaming model is represented in Table 

5.3 by the subscript/ The instmctor is represented in Table 5.3 by the subscript k. 
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Scheduling constraints prevented single instmctors from being assigned to six 

classes each (12 classroom hours) for the two-week duration of the experiment. Since the 

role of the instmctor changed from technology 0 (Visual Basic Sofhvare Demonstration) 

and 1 (PowerPoint) to 2 (CBT), the experiment was designed to completely block the 

instmctor in technologies requiring the instmctor to teach the class. A different set of 

instmctors was assigned to CBT sections, which required the instmctor to act in a 

supporting role. This constraint on the design is reflected in Table 5.3. 

Table 5.3. Experimental Design with 3 Levels of Technology and 2 Levels of Leaming 
Model. 

Leaming Model Instmctor 

Zero 

Visual Basic (0) 
software demo 

PowerPoint (1) 

Computer-Based 
Training (2) 

2 

|-t002 

|ltl02 

5 

M-005 

jLllOS 

6 

M006 

Ml06 

1 

M201 

3 

^t2(»3 

4 

1̂ 204 

One 

Visual Basic (0) 
software demo 

PowerPoint (1) 

Computer-Based 
Training (2) 

|-t012 

1^112 

H015 

1^115 

1^016 

1^116 

1-1211 1-1213 ^ 2 1 4 

Note: Leaming Model Zero - Acfive Leaming with Students Participating Individually 
Leaming Model One - Active Leaming with Students Participating Cooperativ cly 
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5.3.7 Data Collecfion 

Due to the large number of sttidents, the limited amount of time available, and 

limited resources for data collection, students provided self report data on a tw o-part 

questionnaire. This approach was taken, rather than using observers or other recording 

techniques during the instmcfional period. 

Data collecfion was conducted the second week of the experiment for all eighteen 

of the lab secfions. In all lab secfions, the survey forms were distributed at the beginning 

of class period by the researcher. Students completed Part One of the survey on one of 

the two opfical scanning sheets. Students were specifically instmcted to use their own 

survey forms and opfical scanning sheets included in their packet rather than sharing a 

questionnaire with a classmate. This instmction was included in the data collection to 

preserve the integrity of the numbering scheme and to ensure that reverse scored 

questions were recorded on the correct sheet. For Part One of the survey, response forms 

were individually collected and checked for completeness as students tumed them in. 

This was done to ensure the confidentiality of sensitive information. Part one of the 

survey took each class from 10 to 12 minutes to complete. 

During session two, students in classes using cooperative leaming were paired 

with the same assigned partner as week one. At the beginning of class students whose 

partners were absent during week two were assigned new partners at random. Students 

who were still without partners after this reorganization were not included in the pre or 

post survey to preserve the dyadic stmcture of the groups. This case only occurred in a 

few classes, reducing the number of subjects by only one in each class. These students 

were still allowed to enter the incentive drawing. Sttidents arriv ing late to class during 
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week two were allowed to participate if they arrived before the class had started on Part 

One of the survey. Sttidents arriving after this point did not participate in the sttidy and 

were not allowed to enter the incentive drawing. 

When all students in the laboratory section had completed the surv ey, instmction 

began, using the assigned treatment. The researcher did not remain in the classroom 

during the period of instmction. This was to minimize the effect that observation might 

have on the instmctors or students (Hawthorne effect). The instmction continued for 75 

minutes at which time the researcher returned to the classroom cueing the instmctor to 

conclude instmction, if still in progress. 

Part two of the survey was then administered to students. Students were instmcted 

to break the seal on the survey and complete Part Two using the second optical scanning 

sheet. Students completed the survey and then individually tumed in all survey materials. 

Optical scanning sheets were visually checked for completeness by the researcher. 

Incomplete forms were retumed to students for completion. Students with complete 

sheets were allowed to place entry tickets for the incentive drawing into a sealed 

container. At the conclusion of the class, the researcher coded each optical scanning 

sheet in the class with the instmctor code, the technology code, and the leaming model 

code. 

Optical scanning sheets were processed through a scanner, which read student 

responses. The output was provided to the researcher electronically via e-mail. The raw 

data in the electronic file were formatted into an Excel spreadsheet using the built-in 

conversion utility. Data were then exported to multiple ASCII text files for statistical 

processing using SAS on the mainframe. Data were also exported to Statistica for PC 
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based processing. The analysis of the data collected during this phase of the experiment 

is discussed next in Chapter VI. 
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CHAPTER VI 

DATA ANALYSIS 

6.1 Overview 

Preliminary data analysis consisted of verification of data accuracy and 

consideration of cases for elimination from the data set. Reliability analysis was 

performed during the preliminary analysis, calculafing Cronbach's coefficient alpha for 

each instmment used in the study. An analysis of intraclass correlafion within student 

pairs was also conducted to assess the independence of the data as part of the preliminary 

data analysis. 

The primary data analysis focused on the validation of The Information 

Technology-Leaming Interaction Model by testing hypotheses H1 through H9 (Figure 

5.1). For hypotheses HI through H8, data were tested using a mixed model method to 

compare the experimental groups while statistically controlling for potentially 

confounding variables idenfified in the conceptual model. Hypothesis H9 was tested 

using correlafion techniques. As part of the preliminary data analysis, a factor analysis 

was conducted to examine lower order constmcts of degree of leaming interaction 

proposed in the Main and Riise (1995) taxonomy of leaming interaction. 

6.2 Preliminary Data Analysis 

6.2.1 Data Verificafion 

The first step in the preliminary data analysis was the verification of data 

accuracy. This step verified that the data set used in the statistical analysis accurately 
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reflected the original data set recorded on the optical scanning sheets during the data 

collecfion phase of the experiment. Analysis included the identification of outliers in the 

data set by calculafing univariate stafistics on each variable. An analysis of missing data 

points and outliers in the data set revealed a small number of coding errors. These 

included the use of pen rather than pencil to code optical scanning sheets, poor erasures 

when changing answers, and crossing out changed answers. These errors were corrected 

in the final data set. The data set was checked for accuracy by comparing the final data 

set with the original optical scanning sheets, revealing a sorting error in the first assembly 

of the data set, which was corrected. 

An analysis of oufiiers revealed 30 cases (7.5%) that were determined to be 

unusable. This determination was based on the number of unreasonable coding errors 

made by individual subjects. These cases were suspicious because multiple questions on 

the multiple-choice posttest were outside the ranges of possible answers. This indicated 

the lack of a good faith effort in complefing the survey by a subject. A decision rule was 

instituted specifying that if a case had two answers outside the possible range on the 

posttest, it was eliminated from the data set. This mle focused on the posttest because the 

number of available responses on posttest questions varied by question. Another reason 

was because the posttest was embedded in the last fourteen questions on the 

questionnaire, which were the most likely to be intentionally filled in at random. This 

mle allowed cases with only a single coding error to remain in the data set. 

The reason this mle was necessary was because of the incentive for subjects to 

mark answers at random simply to become eligible to enter the draw ing for the gift 

certificates. While it is felt that the incentive draw ing appeared to be a factor in boosting 
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participation in the experiment to over 90% of attending students, the negative side was 

the incentive to not complete the survey in good faith and thereby finish faster. The 

evidence of this was the number of surveys with mulfiple out-of range answers. Half of 

the cases selected for eliminafion from the data set (15 of the 30) had lower posttest 

scores than pretest scores. Another 7 of the 30 cases showed no improvement. This is 

compared to an average gain of 25 percentage points in posttest minus pretest scores. It 

is highly unlikely that any of the instmcfional treatments used would result in students 

knowing less at the end of the class than at the beginning. This supports the assertion that 

these surveys had been answered at random and should be eliminated from further 

analysis. 

6.2.2 Analysis of Spoiled Samples 

During the experiment, two laboratory sections of the eighteen experienced 

unusual problems, prompfing their elimination from the data set. These problems were 

due to uncontrollable outside influences. The instmctor of the first group, identified as 

the cell containing |J.io6 in Figure 5.2, became ill at the last minute during week one. The 

substitute instmctor covering this eight o'clock class was not familiar with the 

PowerPoint presentafion scheduled for this secfion. The assigned instmctor was available 

for instmction during week two, but the time allotted to the present instructional material 

was apparently insufficient to both review week one material as well as present week two 

material. The class failed to complete the week two instmctional materials during the 

experimental session, starting part two of the survey with only five minutes left. Not 
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only was interacfion reported by this group noticeably lower than all seventeen other 

secfions shown in Figure 6.1, it was the only section to have a mean level of interaction 

which was below the midpoint rating of 4.0. 

6.0 

5.5 

5.0 
Perceived 
Leaming 4.5 
Interaction 

4.0 

3.5 

3.0<̂  

1 

• : 

/ \ 

', i 
/ 

1 1 r 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Group Number 

Figure 6.1 Means of Perceived Leaming Interaction by Laboratory Section (showing 
group 18 with noficeably lower levels of interaction). 

The second laboratory section deleted from the study was group 4, identified as 

the cell containing 2̂13 in Table 5.3. The delivery mechanism this group used was the 

CBT software delivered over the network. Due to a failure of the college's CBT web 

server, the CBT software was unavailable for the first 30 minutes of class. Although 

students were finally able to connect to the server after network connections were 

restored by computer services staff, the average posttest minus pretest gain was well 

below that of the other five secfions using CBT (Figure 6.2). Knowing that they were 
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well behind in starting the instmcfional module, students mshed through the instmction, 

which appears to have biased the treatment for this group. 

Group number 

Figure 6.2. Means of Posttest Minus Pretest Scores by Laboratory Section (showing 
group 4 with noticeably lower differences than other CBT groups). 

6.3 Reliability of Survey Instmments 

Survey instmments were evaluated for reliability from the existing literature 

where available and also by conducting reliability tesfing. Altemate-form and intemal 

consistency reliability measures were used to assess the reliability of the survey 

instmment. The method used to assess altemate-form reliability was the split-halves 

method, in which the sample is divided in half and results compared (Litwin, 1995). 

Intemal consistency reliability was measured by computing Cronbach's coefficient alpha, 

used to measure how well the different items of a scale complement each other in 
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measuring different aspects of a variable (Hair, Anderson, Tatham, & Black, 1995; 

Litwin, 1995). 

6.3.1 Altemate-Form Rehability 

The quesfionnaire used for data collection was produced in tw o versions, 

distributed at random through all laboratory sections. The questions using Likert scales 

for measuring responses on form two were reversed. The purpose of reverse scoring was 

to provide means of checking altemate-form reliability (Litwin, 1995) and to also check 

for acquiescence response error. Acquiescence response error refers to errors caused by a 

tendency to agree with items on survey questions more than they disagree, regardless of 

the subject matter (Benfier, Jackson, & Messich, 1971; Couch & Keniston, 1960). T-

tests were performed to determine if a significant difference existed between subjects 

using form one and form two. This test was also conducted to determine if any 

systematic error had been introduced due to students sharing questionnaires. This was a 

concem since one student pair was observed using the same form in the first cooperativ e 

class of week two. Form numbers for this pair were corrected. Specific instmctions for 

students to use their own questionnaire were given to all subsequent classes. 

The results of this analysis did not reveal any systematic bias. Form one had the 

response labeled "strongly agree" coded as the value 7. We would expect that form one 

would have a pattem of higher means if serious acquiescence response error were 

present. Table 6.1 shows that of the ten variables tested, five had higher response rates 

for form one. None of these variables was significantly higher. Only one variable. 
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timeliness of interacfion, had significantly different means for the two forms, with form 

two having a larger mean than form one. 

Although one t-test was significant, when performing a large number of t-tests, 

one would expect a small number of them to be significant by chance. Given this series 

of tests, we can safely conclude that the data collected do not present evidence of a 

problem with acquiescence response error. With these tests, we also detected no 

evidence of systemafic bias, which could have been inttoduced through the use of shared 

questionnaires. 

Table 6.1. T-tests for Altemate-Form Reliability and Acquiescence Response Error. 

Variable Form I 
Mean 

Form 2 t-value Degrees of p-value 
Mean Freedom 

Frequency of interaction 4.26627 

Length of interaction 

Pattem of interaction 

Opportunity for 
interaction 

Volition 

4.98224 

4.40236 

Spontaneity of interaction 3.51479 

Intensity of interaction 3.30769 

Relevance of interaction 5.13412 

Formality of interacfion 4.44378 

4.77514 

3.70414 

Timeliness of interaction 4.58579 

4.01870 

4.77300 

4.55010 

3.31288 

3.29447 

5.28220 

4.57668 

5.05521 

3.52351 

5.04294 

1.342 

1.283 

-1.194 

1.016 

.1225 

-1.137 

-.7466 

-1.670 

1.884 

-2.958 

330 

330 

330 

330 

330 

330 

330 

330 

330 

330 

.1805 

.2002 

.2332 

.3099 

.9025 

.2561 

.4558 

.0958 

.0603 

.0033 
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6.3.2 Intemal Consistency Reliability of Exisfing Instmments 

Several instmments used in this experiment had been previously developed and 

evaluated. These included instmments on self-efficacy by Martocchio and Webster 

(1992) and self-reported leaming and class evaluation by Alavi (1994). Experience 

(Hiltz, 1988) was derived from quesfions in the literature and interaction was developed 

based on the Taxonomy of Interacfion (Main & Riise, 1995). The pretest and posttest 

used was the test embedded in the computer-based package on Visual Basic 

Fundamentals. 

The instmments were evaluated using Cronbach's coefficient alpha as a measure 

of intemal consistency. Values greater than .70 are generally accepted as representing 

good reliability (Hair et al., 1995; Litwin, 1995). The self-efficacy measure used had a 

reported Cronbach's coefficient alpha of .95 in a previous study (Martocchio & Webster, 

1992). The pilot study instmment had an alpha of .694; however, it was discovered that 

one item in the original instmment had been inadvertently omitted from the instmment 

used in the pilot study. This was corrected in the main study where, the coefficient alpha, 

measured using Stafisfica statisfical software, was .847. This represents a good level of 

reliability for the self-efficacy measure. 

Self-reported leaming and class evaluation had a reported Cronbach's coefficient 

alphas of .83 and .77, respecfively, in previous studies (Alavi, 1994). The instmment for 

self-reported leaming in this experiment also had good reliability with a Cronbach's 

coefficient alpha of .933 in the pilot study and .924 in the main study. The Cronbach's 

coefficient alpha for class evaluation was .767 in the pilot study and .788 in the main 
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sttidy, supporting a conclusion that these measures used in the experiment have a good 

level of reliability. 

The experience measure was derived and adapted from existing survey questions 

in the literature (Hiltz, 1988). Although a Cronbach's coefficient alpha was not available 

for the derived measure in the literature, the computed coefficient alpha for this data set 

was .715 in both the pilot and main studies. This provides evidence that the derived 

measure of experience has an acceptable level of reliability. 

6.3.3 Intemal Consistency Reliability of the Leaming 
Interaction Instmment 

The reliability of new survey instmment on leaming interaction was evaluated in 

the pilot and main studies. The taxonomy of Main and Riise (1995) and their supporting 

literature provided the conceptual basis for an exploratory study of this measure. Without 

any reported empirical results to use as the basis for instmment building, a series of 

questions was developed to elicit perceptions of the various aspects of leaming 

interacfion in the taxonomy. Since leaming interaction is defined as communication 

between the leamer and the instmctional environment occurring during the leaming 

process, subjects were asked to assess interaction for each element of the taxonomy, 

except intensity and relevance, in four specific ways: student-peer interaction, student-

instmctor interaction, student-computer interaction, and overall interaction. Providing 

an assessment of interaction in four ways reinforced the definition of interaction as being 

between the leamer and instmctional env ironment. This is critical in defining interaction 

as the instmcfional environment, particulariy as the role of infomiation technology 
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changes with the experimental treatments. The measures of overall interaction for each 

sub-constmct in the taxonomy are of interest because they are combined to measure 

perceived leaming interaction. 

The inifial instmment of overall perceived leaming interaction in the pilot study 

was a summation of the overall measures for each element of the taxonomy (frequency, 

length, pattem, timeliness, spontaneity, intensity, relevance, formality, and opportunity). 

This yielded a Cronbach's coefficient alpha of .753. A factor analysis of the pilot data 

revealed that all variables loaded on a single factor (28%) of variance explained) (Table 

6.2). Based on the small sample size of the pilot study and the favorable measure of 

intemal consistency, no modifications were made to the instmment for the main study 

other than those mentioned in 5.3.5 which added two quesfions to better define overall 

required interaction and overall student-initiated interaction. 

Table 6.2. Pilot Data Factor Loadings for Leaming Interaction. 
Variable Factor Loadings 

Overall frequency of interaction 

Overall length of interaction 

Overall pattem of interaction 

Overall timeliness of interaction 

Overall spontaneity of interaction 

Overall intensity of interaction 

Overall relevance of interaction 

Overall fomiality of interaction 

Overall opportunity of interaction 

.471354 

.394458 

.540172 

.551397 

.809908 

.697835 

.414855 

.247947 

.418960 
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The measure of perceived leaming interacfion for the main study data was 

analyzed for intemal consistency. The factor loadings for the main data loaded on tw o 

factors rather than the single factor revealed in the pilot study (Table 6.3). The v ariables 

that factor one (15% of variance explained) primarily loaded on were intensity and 

volifion. Intensity was a variable created by averaging input from three questions. These 

questions asked for agreement with statements that the interaction was routine, 

interesting, and emotionally involving. Volition was measured by asking for agreement 

with a statement that, overall, the subject was required to interact. Factor One appears to 

be focused on the subject's willingness and interest in engaging in interaction. 

Table 6.3. Main Data Factor Loadings (Varimax Rotation) for Initial Measure of 
Leaming Interaction. 

Variable Factor One 
Loadings 

Factor Two 
Loadings 

Overall frequency of interaction .095976 .332435 

Overall length of interaction 

Overall pattem of interacfion 

Overall timeliness of interacfion 

Overall spontaneity of interaction 

Overall intensity of interacfion 

Overall relevance of interaction 

Overall formality of interacfion 

Overall opportunity of interaction 

Overall volition of interaction 

-.029817 

.085551 

.020990 

.338411 

.948856 

-.013666 

.087942 

-.037952 

.715568 

.428317 

.249415 

.735753 

.280703 

-.038373 

.491615 

.419442 

.635785 

.083211 
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Factor Two (18% of variance explained) is more diverse, including a large set of 

variables from the taxonomy. Timeliness of interaction was the variable with the largest 

loading. The next largest factor loading was opportunity, which was followed bv 

relevance and formality. These three variables were used to operationalize the constmct 

quality in the taxonomy. Length of interaction and frequency of interaction were two of 

the three factors with smaller loadings. These two variables were used to operationalize 

the constmct amount in the taxonomy. 

The overall intemal consistency of the average of 10 component scales was a 

Cronbach's coefficient alpha of .722. While the measure is just above the .70 definition 

of good (Litwin, 1995), the split into 2 factors is a concem. It appears that Factor Two is 

more representative of leaming interaction, defined as communication. It contains three 

of the six major constmcts in the Main and Riise taxonomy of interaction: amount, 

fimeliness, and quality of interaction. The two constmcts, "type" of interaction (a 

combination of pattem and volition) and "spontaneity" of interaction, do not appear to be 

major elements in either factor. An examination of the variables that operationalize 

"type" of interaction reveals that volition loads high while pattem of interaction loads 

very low on Factor One. Both variables load low on Factor Two. 

Given the poor loading for the two variables, type and spontaneity of interaction, 

the decision was made to eliminate them from the computation of the overall measure of 

perceived leaming interaction. An examination of the factor loadings for Factor Two and 

a reexamination of the taxonomy resulted in a reevaluation of how the variable perceived 

leaming interaction should be measured. The issue was the weight each measure would 

provide to the overall measure of perceived leaming interaction. A simple summation, 
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while easier to compute, would average four measures of quality, two measures of 

amount, and one measure of fimeliness. This would appear to severely dilute the effect 

of timeliness, which was the highest loading variable in Factor Two. This dilution did 

not appear to be jusfifiable from a theorefical standpoint. Therefore, a new measure w as 

constmcted which was an average of three variables: amount (an average of frequencv 

and length), timeliness, and quality (an average of relevance, formality, opportunity, and 

intensity). This measure would appear to be more faithful to the Main & Riise taxonomy 

of interaction and was used as the revised measure of perceived leaming interaction. 

The revised measure of perceived leaming interaction was ev aluated. A factor 

analysis of the revised measure (Table 6.4) resulted in the variables all loading on a 

single factor (43.5% of variance explained). This measure was adopted after conducting 

a factor analysis which included the variables spontaneity (loading of .29) and volition 

(loading of .34). This confirmed the decision to eliminate these two variables from the 

revised measure of perceived leaming interaction. The intemal consistency of the revised 

measure of perceived leaming interacfion, as measured by Cronbach's coefficient alpha, 

was .809. This was an improvement over the original measure of .722. 

The stability of perceived leaming interaction in the data set was tested by 

splitting the data set into two halves (Hair et al., 1995). Since form number was assigned 

at random throughout the data set, a factor analysis was performed on the two sets of data 

defined by form number. As the results in Table 6.4 indicate, the loadings for each group 

are very similar to each other, leading to a conclusion that the measurement of perceived 

leaming interaction is stable within the data set. 
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Table 6.4 Main Data Factor Loadings (Varimax Rotation) for Final Measure of 
Leaming Interaction. 

Variable Factor Form 1 Factor Form 2 Factor 
Loadings Loadings Loadings 

Overall timeliness of interaction .644554 .642323 .657720 

Overall amount of interacfion .433103 

Overall quality of interacfion .838835 

.442596 

.841941 

.442934 

.825253 

6.4 Stafisfical Analysis Using a Mixed Model 

Hypotheses H1 through H8 were tested using a mixed model approach with SAS 

statistical software (SAS Insfitute Inc., 1996). The SAS Mixed procedure was selected 

to test the hypotheses due to its suitability for making statistical inferences about a v ariety 

of mixed linear models. This procedure, a generalization of the general linear model, 

supports the analysis of data that exhibit correlation and nonconstant variability. The 

procedure has the capacity to handle unbalanced data. Its features also include subject 

and group effects that enable blocking and heterogeneity (SAS Institute Inc., 1996). 

The Mixed procedure is design to handle not only fixed-effects and random-

effects parameters, but also handles covariance parameters. For random effects, the 

Mixed procedure fits the model stmcture to the data using the restricted maximum 

likelihood method. This method is generally preferred to ANOVA esfimates of variance 

components. The fitted model is used to draw statistical inferences through the fixed-

effects and covariance parameters. Several statistical tests, including t-tests and F-tests, 

for fixed and random effects are generated by the Mixed procedure (SAS Institute Inc., 

1996). 
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6.4.1 Tests for Intraclass Correlafion 

A test for intraclass correlafion was performed on groups with paired students. 

This was performed using the Mixed procedure in SAS. Sttident pairs pre\ iouslv 

identified and coded in the data set were compared by laboratory section. (Eight sections 

had paired sttidents in the final data set.) Survey responses to questions on interaction 

were evaluated as well as the results of the pretest and posttest. The Mixed procedure in 

SAS produced a Wald test of covariance parameters, using the restricted maximum 

likelihood method, for each quesfion or test evaluated. Results of these tests (Table 6.5) 

indicate a correlation between the response of student pairs on interaction opportunity 

and frequency. The Wald test for questions relating to the opportunity for interaction 

with each other was significant (p-value of .017) and the Wald test for frequency of 

interaction with each other was marginally significant (p-value of .077). The assessment 

of overall interaction was not significant for opportunity or frequency. Wald tests of 

covariance estimates on other questions about interaction were not significant. The 

Wald tests of covariance estimates for the pretest and posttest were not significant. 

Table 6.5 Tests for Intraclass Correlation on Groups with Student Pairs. 
Variable Wald Test Pr > |Z| 

Statistic: Z 
Opportunity to interact with other students 2.39 .017 

Overall opportunity to interact 

Frequency of interaction with other students 

Overall frequency of interaction 

Pretest score 

Posttest score 
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-.85 

1.76 

-.9 

-.93 

.53 

.393 

.077 

.365 
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This finding provides evidence that sttidents' responses tend to agree w hen 

reporting on a common acfivity in which they both participated. It also provides 

evidence that each student had different percepfions of other aspects of interaction. Other 

aspects of interacfion include parts of the taxonomy of interacfion addressed by other 

questions and interacfion with other environmental elements such as the instmctor or 

computer. The finding on pretest and posttest covariance estimates provides evidence 

that students took both tests individually, as instmcted. 

6.4.2 Test of Hypotheses for Overall Differences in Treatment Groups 

Hypothesis One (HI in Figure 5.1) examined the difference in mean scores on 

knowledge of Visual Basic forms and controls between treatment groups. A mixed 

model with fixed and random effects was used to perform this test. The test was 

conducted using the SAS Mixed procedure (SAS Insfitute Inc., 1996). Each group 

received one of six possible treatments, unique combinations of the three possible 

informafion technologies and two possible leaming models. These were the fixed effects 

in the statistical model. 

As the effects of instmctors were not the primary goal of the study and instructors 

were randomly chosen, instmctors were treated as a random effect in the mixed model. 

A Wald test of the covariance esfimates for instmctor for each group was insignificant, 

having a Z value of .89 and a corresponding p-value of .3708. The random effect was left 

in the model because "an additional benefit of the random effects analysis is that it allows 

you to make inferences that apply to an entire populafion..." (SAS Institute Inc., 1996. p. 

542). The cost that is paid for the ability to make inferences about an entire population is 
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that the tests of the fixed effects are often much less significant (SAS Instittite Inc., 1996). 

This approach is used as the research questions in this study are directed to the 

applicafion of informafion technology to enfire populafions of insttaictors rather than a 

specific case or set of cases. 

Consistent with the conceptual model (Figure 5.1), experience and GPA were 

included in the model as covariates. They were used to control for individual differences 

in students. Gender, major and age were not found to be significant covariates. Gender 

had an F-stafisfic of .00 and a corresponding p-value of .994. Academic major, tested as 

a covariate in the model, had an F-stafisfic of 1.1 and a corresponding p-value of .295. 

Age was also a nonsignificant covariate with an F-stafistic of 1.22 and p-value .2695. 

Although the direction of change in difference in mean scores on knowledge of 

Visual Basic fundamentals was as anficipated (Figure 6.3), the use of the Mixed 

procedure to account for the random effect of instmctor resulted in a conservative 

Difference in 
Knowledge of 

VB 20 
(posttest minus 
pretest scores - 5̂ 
100 point scale) 

10 

- Individual Learners 

• Paired Learners 

VB Software PowerPoint Computcr-Bascd 
Demonstration Training 

Delivery Mechanism 

Figure 6.3 Difference in Mean Scores on Knowledge of Visual Basic Forms and 
Controls between Treatment Groups 

104 



approach in stafistically testing the hypothesis. The application of increasingly 

stmcttired information technology resulted in higher levels of measured leaming 

outcomes, with the base case being having the smallest increase in scores, however, these 

differences were only marginally significant. The test of hypothesis that the effect of 

treatment is zero resulted in an F-statisfic of 1.99 having a corresponding p-value of 

0.097. We therefore fail to reject the hypothesis of equal means of knowledge of Visual 

Basic fundamentals among the treatment groups at the .05 level of significance. 

Hypothesis test two (H2 in Figure 5.1) examined the difference in the mean 

perceived leaming interaction between six treatment groups. The statistical test, using 

the mixed model with a random instmctor effect, had no significant covariates related to 

individual ability. Covariates tested included experience, self-efficacy, gender, major, 

and age. 

All groups but one, individual leamers using PowerPoint, achieved a higher level 

of perceived leaming interaction than the base case, which was individual leamers 

Learning 
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Demonstration Training 

Delivery Mechanism 

Figure 6.4 Difference in the Mean Perceived Leaming Interaction betw een Treatment 
Groups 
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receiving instmcfion using a Visual Basic software demonstration (Figure 6.4). While a 

marginal difference between the treatment groups is detected by the test, we fail to reject 

the hypothesis that there is a difference in leaming interaction among tt-eattnent groups at 

the .05 level of significance. The test of fixed effects resulted in an F-statistic of 2.45 

with an associated p-value of .0755. 

6.4.3 Hypothesis Tests for the Effects of Information Technology 

Hypothesis Three (H3 in Figure 5.1) addresses differences in the mean knowledge 

of Visual Basic forms and conttols between groups receiving instmction through 

different delivery mechanisms. The Mixed procedure produced a test of fixed effects for 

information technology that accounts for the random and fixed effects as well as the 

effects of covariates. The test of fixed effects for this hypothesis found information 

technology to have a statistically significant effect on the leaming outcomes as measured 

DifTerence in 
Knowledge of VB 

(posttest minus 
pretest scores --
100 point scale) 

VB Software PowerPoint Computer-
Demonstration Based Training 

Delivery Mechanism 

Figure 6.5 Differences in the Mean Knowledge of Visual Basic Fomis and Controls 
between Groups Receiving Instmction through Different Delivery Mechanisms. 

106 



by the difference in posttest and pretest scores on Visual Basic concepts (Figure 6.5). 

This test had an F-stafisfic of 4.71, a denominator degrees of freedom of 11, and a p-

value of .033. The degrees of freedom have been adjusted using the Satterthwaite 

approximation, used to produce an accurate F-statistic, in the SAS Mixed procedure (SAS 

Instittite Inc., 1996). We therefore reject the hypothesis of equal means and conclude that 

groups using different delivery mechanisms result in different means for knowledge of 

Visual Basic forms and controls, depicted in Figure 6.5. 

The random effects of instmctors in this model were not significant (Wald Z 

stafistic of .88 and p-value of .377). Significant covariates included in this model were 

experience with an F-stafistic of 11.69 and p-value of .0007 and GPA, having an F-

statistic of 5.03 and a p-value of .025. 

Further analysis was conducted to estimate the class marginal means using the 

SIMULATE multiple comparison adjustment available in the SAS Mixed procedure. 

"The simulate adjustment computes adjusted p-values and confidence limits from the 

simulated distribution of the maximum or maximum absolute value of a multivariate t 

random vector" (SAS Institute Inc., 1996, p. 557). CBT was found to be significantly 

higher than both the Visual Basic software demonstrafion (p-value .014) and PowerPoint 

(p-value of .0407). PowerPoint and Visual Basic software demonstration w ere not found 

to have significantly different means (p-value .4039). 

Hypothesis test four (H4 in Figure 5.1) tests for the difference in the mean 

perceived leaming interaction between groups receiv ing instmction with different 

delivery mechanisms. The differences between groups is as expected, w ith additional 

technology having more interaction (Figure 6.6). However, we fail to reject the 
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hypothesis of equal means using the SAS Mixed procedure's test of fixed effects. This 

test had an F-stafisfic of 1.17 and a p-value of .398. Instmctor in this model also had no 

significant random effect (p-value .372). None of the covariates discussed earlier were 

found to be significant with this response variable. 
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Figure 6.6 Differences in the Mean Perceived Leaming Interaction between Groups 
Receiving Instmcfion with Different Delivery Mechanisms 

6.4.4 Hvpothesis Tests for the Effects nf Leaming Model 

Hypothesis Five (H5 in Figure 5.1) explores the difference in the mean 

knowledge of Visual Basic forms and controls between groups receiving instmction 

when varying the sttident grouping. Classes using an individual active leaming model 

showed an overall increase in difference in posttest minus pretest scores of 25.58% 

compared with an increase of 25.85% for paired leamers (Figure 6.7). The test of fixed 

effects for the effect of leaming model failed to reject the hypothesis of equal means (F-

stafisfic of .02 and a p-value of .90). We can conclude that the leaming model had no 
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effect on the difference in mean knowledge of Visual Basic fonns and controls. 

Significant covariates were experience (F-stafistic of 11.69 and p-value of .0007) and 

GPA (F-stafistic of 5.03 and p-value of .0256). Instmctor did not have a significant 

random effect (p-value .377). 
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Figure 6.7 Difference in Mean Knowledge of Visual Basic Forms and Controls between 
Groups Receiving Instmction when Varying the Student Grouping. 

Hypothesis Six (H6 in Figure 5.1) tests for a difference in the mean perceived 

leaming interacfion between groups receiving instmction when varying the student 

grouping. Classes using an individual active leaming model showed an overall level of 

perceived leaming interaction of 4.798 compared with 4.622 for paired leamers, using a 

7-point Likert scale (Figure 6.8). The test of fixed effects for the effect of leaming model 

showed a marginally significant difference in means, but failed to reject the hypothesis of 

equal means at the .05 level of significance (F-stafistic of 2.94 and a p-value of .087). 
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Figure 6.8 Difference in Mean Perceived Leaming Interaction between Groups 
Receiving Instmction when Varying the Student Grouping. 

We can conclude that the leaming model had some effect on the amount of perceived 

leaming interaction. There were no significant covariates in this model. Instmctor also 

did not have a significant random effect (p-value .372). 

6.4.5 Stafisfical Interacfion Effect of Informafion Technology 
and Leaming Model 

The stafisfical interacfion effects of delivery mechanism and leaming model are 

examined in hypotheses seven and eight. Hypothesis Eight (H8 in Figure 5.1) tests for a 

statistical interacfion effect of delivery mechanism and student grouping on knowledge of 

Visual Basic forms and controls (Figure 6.3). The SAS Mixed procedure's test of fixed 

effects results in an F-stafisfic of .011 and a p-value of .889. The significant covariates, 

experience and GPA, and the random effect, instmctor, are included in the model. They 

all have the same F-statistics previously reported in hypothesis three. 
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Hypothesis Seven (H7 in Figure 5.1) tests for a stafistical interaction effect of 

delivery mechanism and student grouping on leaming interaction (Figure 6.4). The 

stafisfical interacfion effects of delivery mechanism and student grouping are statistically 

significant at the .05 level of significance. The test of fixed effects resulted in an F-

stafisfic of 3.65 and a p-value of .0271. Instmctor was included in the model as a non

significant random effect (p-value .327). There were no significant covariates. We can 

conclude that there are significant statistical interaction effects (statistical interaction) 

among delivery mechanism and student organizafion on perceived leaming interaction by 

students. 

6.4.6 Correlafion between Response Variables 

Hypothesis Nine tests if there is a positive correlation between the mean 

perceived leaming interacfion and mean knowledge of Visual Basic forms and controls. 

Correlation between leaming interacfion and knowledge of Visual Basic fundamentals 

has a Spearman correlafion coefficient of .10782, which is marginally significant with a 

p-value of 0.0503. A scatterplot of the two variables is shown in Figure 6.9. The 

Spearman method was selected as the discrete nature of measure of knowledge of Visual 

Basic fundamentals did not fit a normal distribution. The Spearman correlation 

coefficient, a non-parametric approach is preferred when data do not approximate a 

normal distribufion. 
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Figure 6.9 Scatterplot of Perceived Leaming Interaction and Difference in Knowledge of 

Visual Basic Forms and Controls. 
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CHAPTER VII 

SECONDARY ANALYSIS AND SYNTHESIS OF RESULTS 

7.1 Overview 

This chapter provides a synthesis of the hypothesis testing reported in Chapter V\ 

and addifional exploratory tests that were conducted. The additional tests w ere 

performed to ftirther explain the results of hypothesis testing. These supporting tests and 

the inferences drawn from them are discussed in the first part of this chapter. The second 

part of this chapter will evaluate the results of the hypothesis testing in Chapter VI and 

draw inferences that either support or provide evidence to modify relationships among 

theorefical constmcts (Wallace, 1971) in the Information Technology-Leaming 

Interacfion Model introduced in Chapter IV. 

7.2 Secondary Data Analysis 

During the data analysis phase, several unexpected outcomes of the hypotheses 

tesfing process generated additional quesfions. Additional analysis was conducted to 

explore the relationships and effects of information technology and leaming outcomes on 

other response variables. As menfioned earlier the correlation between perceiv ed 

leaming interaction and leaming outcomes, as measured by improvements in test scores 

was statistically significant but small. The correlation of another measure of leaming 

outcome, self-reported leaming (Alavi, 1994), was tested to determine if findings of the 

objective measure of leaming were consistent with other measures of leaming outcome. 
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Self-reported leaming and class evaluation were measured during the second part of data 

collecfion using an exisfing research instmment (Alavi, 1994; Hiltz, 1988). 

7.2.1 Self-Reported Leaming - An Altemafive Leaming Outcome 

The measure of self-reported leaming used asks for students' perceptions about 

their knowledge gains through answers to a series of three questions. The questions in 

this instmment were posifioned in the questionnaire to appear before the posttest. This 

was done to prevent the posttest from biasing students' perceptions of self-reported 

leaming. A test was conducted to evaluate the correlation between this altemative 

measure of leaming outcome and perceived leaming interaction. A Spearman correlation 

coefficient of .525 was measured between self-reported leaming and perceived leaming 

interacfion (p-value .0001). The relationship is shown by the scatterplot in Figure 7.1. 

0 3 4 5 

Self Reported Leaming 

Figure 7.1 Scatterplot Showing the Correlafion between Self Reported Leaming and 
Perceived Leaming Interaction. 
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The correlafion of self-reported leaming is more consistent with perceived 

leaming interaction in the conceptualized Information Technology-Leaming Interaction 

model than the correlation of differences in test scores and perceiv ed leaming interaction. 

Self-reported leaming and posttest minus pretest differences represent altemativ e w a> s to 

operationalize leaming outcomes. Both measures have significant associations w ith 

perceived leaming interaction at an alpha level of .05, but the measure of correlation for 

each is very different. The measures of perceived leaming interaction and perceived 

outcomes are strongly correlated. On the other hand the measure of perceiv cd interaction 

and the objecfive measure of leaming outcome, test differences, have a weak correlation. 

An additional series of tests were conducted to determine if delivery mechanism or 

student grouping affected self-reported leaming. The SAS Mixed procedure, w ith 

instmctor treated as a random effect, found no significant effects by delivery mechanism, 

student grouping, or their interaction effect. 

An important consideration in this finding is the potential for same source data to 

be a source of the inflated correlafion noted in this study. The effect of percept-percept 

inflation has been found, in microorganizational research, to vary by domain (Crampton 

& Wagner, 1994). While some of the covariates used in this study such as self efficacy 

were included in the Crampton and Wagner meta-analysis, leaming interaction and 

leaming outcomes were not included in their sttidy. It is possible that the strong 

correlation between perceived leaming interaction and perceiv ed self reported leaming as 

well as between perceived leaming interaction and class ev aluation, reported in the next 

section, are at least partly due to this phenomenon. More research is needed in this area 

to address this potential source of bias. 
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7.2.2 Class-Evaluafion - A Second Altemative Leaming Outcome 

Another outcome of the leaming process is the evaluation of the class itself This 

variable is also a measure of student perceptions. A four question class evaluation 

measure (Alavi, 1994) was also administered after instmction but prior to the posttest. 

The correlafion between perceived leaming interacfion and class evaluation w as also 

large (.562) and highly significant (p-value .0001). The scatterplot in Figure 7.2 shows 

the relafionship between these variables. The effect of delivery mechanism and student 

grouping on class evaluation was tested using the SAS Mixed procedure with instmctor 

as a random effect. Delivery mechanism had no significant effect on class evaluation (p-

value .327). However, student grouping was found to have a significant effect on class 
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Class Evaluation 

Figure 7.2 Scatterplot Showing Correlation between Perceived Learning Interaction and 
Class Evaluation. 
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evaluation (p-value .0062). There were no significant statisfical interaction effects (p-

value 0.71). Classes with sttidents grouped in pairs had a mean rating of 3.92 on a 7-

point Likert scale. Classes with sttidents grouped as individuals had a mean rating of 

4.28. The overall class evaluation was more favorable for classes with students grouped 

as individuals than classes with student pairs. 

7.2.2.1 Evaluafion of Leaming Experience. Further examinafion of class 

evaluation was conducted by tesfing the effects of the treatments for the four indiv idual 

questions in the class evaluafion instmment. Student grouping significantly affected the 

quesfion asking if students found the class a good leaming experience (p-value .0125). 

Paired students rated this question 4.29 while individual students rated the experience 

higher at 4.76 on the 7-point scale. Neither delivery mechanism nor the statistical 

interaction effect of delivery mechanism and student grouping were significant (p-values 

of 0.272 and 0.637, respecfively). 

7.2.2.2 Evaluation of Class Format. The question that asked students for 

agreement that they leamed more because of the class format also resulted in significant 

effects. Student grouping again had a significant effect (p-value .018). Paired students 

had a mean class format rafing of 3.85 and individual students had a mean class format 

rating of 4.28. Delivery mechanism effects were minimal (p-value .129) w ith students in 

classes with the Visual Basic software demonstration only having a mean class format 

rafing of 3.84, the mean CBT rafing was 4.08, and the positive mean PowerPoint rating 

was the highest at 4.27. The difference betw ccn the mean ratings for PowerPoint and the 

Visual Basic software demonstration was significant (p-value .044) using the SAS Mixed 

procedure with least squares means simulate option. A significant statistical interaction 
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effect of delivery mechanism and sttident grouping (p-value .026) were also found. The 

statisfical interacfion effect of delivery mechanism and sttident grouping on rating of 

class format are depicted in Figure 7.3. 
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Figure 7.3 The Statistical Interacfion Effects of Delivery Mechanism and Student 
Grouping on Evaluafion of How Well the Class Format Supported Leaming. 

7.2.2.3 Rafings of the Class as Boring. The question asking students if the class 

was boring was also significantly affected by leaming model (p-value .0042). Paired 

students found the class more boring (mean rafing of 4.81) than did indiv idual students 

(mean rafing of 4.23). The last question in the Alavi (1994) instmment asked students for 

a level of agreement with the statement that student comments were useful to them. 

Surprisingly, there were no significant effects on the usefulness of peer comments by 

delivery mechanism (p-value = 0.22), student grouping (p-value = 0.68). or their 

interacfion (p-value = 0.99). 
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An overall assessment of the class evaluation found that, for sections using 

PowerPoint, the students reported that working in sttident pairs w as a less positiv e 

leaming experience, a poorer fomiat, more boring, and did not provide better sttident 

comments than working alone. They also felt that the PowerPoint presentation, as an 

individual leamer, was a better leaming format than using the Visual Basic software 

demonstration. The format of CBT was not rated significantly different from either the 

Visual Basic software demonstration or PowerPoint. The joint effects of delivery 

mechanism and student grouping determine the evaluation of the class. 

7.2.3 An Analysis of Perceived Leaming Interacfion 

The effects of the treatments on perceived leaming interaction was somewhat 

different than originally hypothesized. Delivery mechanism had a significant effect on 

leaming outcome but not on perceived leaming interacfion. Since leaming interaction is 

such a complex constmct and does not have a base of empirical research, further analysis 

of the component parts of perceived leaming interaction was conducted. 

Variables used to constmct the perceived leaming interaction variable were 

examined further. In addifion to these variables, analysis was also conducted on the 

supporting single item measure of types of interaction (student-peer, student-instructor, 

and student-computer interaction) that were included in the survey to the definition of 

leaming interacfion used in this research. Significant findings are reported in the 

following sections. 

Overall timeliness of interaction, overall relevance of interaction, and overall 

opportunity for interaction were all significantly affected by the experimental treatment. 
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Recall that overall timeliness of interaction had the highest factor loading in the factor 

analysis reported in Chapter VI. It also is used to define the revised perceiv ed leaming 

interaction variable through a weighted-average computation. Relevance and opportunity 

are two of the four variables averaged to measure quality of interaction, which is also 

used to define the perceived leaming interaction. Neither delivery mechanism nor 

student grouping had significant effects on the amount of interaction, which was the third 

and final variable used to define perceived leaming interaction. Since amount of 

interaction was an average of overall frequency of interaction and overall time spent 

interacting, further analysis was conducted on these variables. 

7.2.3.1 Analysis of Timeliness of Interaction. Student grouping had a significant 

effect on overall fimeliness of interacfion (p-value .0187). Paired students had a reported 

mean for overall timeliness of interaction rafing of 4.71 on a 7-point scale, which was 

5.6 
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Figure 7.4 Statistical Interaction Effect of Delivery Mechanism and Student Grouping 
on Overall Timeliness of Interaction 
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ism lower than the mean rating of 5.08 reported by individual students. Delivery mechanic 

did not have a significant effect (p-value .35). However delivery mechanism and smdent 

grouping did have significant statistical interacfion effects on overall timeliness of 

interaction (p-value .0059). This interaction, shown in Figure 7.4, is very similar to the 

statistical interacfion effect of these treatments on perceived leaming interaction in Figure 

6.4 in that there is a significant difference between the paired and individual PowerPoint 

treatments. 

To examine this finding further, an analysis was conducted on three other survey 

questions, which were not used in the measurement of perceived leaming interaction. 

These were questions asking for agreement with a statement that the interaction w as 

timely for student-peer interaction, student-instmctor interaction, and student-computer 

interaction. Differences between groups were analyzed using the SAS Mixed procedure. 

Student grouping (p-value .004) significantly affected timeliness of student-instmctor 

interaction. Paired students reported a lower level of student-instmctor interaction than 

individual students (4.29 and 4.86, respecfively, on a 7-point scale). While delivery 

mechanism was not significant (p-value .81), there was a marginally significant (p-value 

0.084) statisfical interacfion effect of delivery mechanism and student grouping on 

student-instmctor interacfion (Figure 7.5). This stafistical interaction effect is similar to 

that observed for overall timeliness of interaction in Figure 7.4 and perceived leaming 

interacfion in Figure 6.4. 

No significant effects on student-peer interaction were found for deliver}' 

mechanism, student grouping, or their statistical interaction. Analysis of timeliness of 

student-peer interaction found that the difference between paired and indiv idual students 
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Figure 7.5 Statisfical Interacfion Effect of Delivery Mechanism and Student 
Grouping on Instmctor Timeliness of Interacfion 

was not significant with mean ratings of 4.71 and 4.62, respectively, on a 7-point scale 

(p-value .6). 

Analysis of fimeliness of student-computer interaction revealed that the effect of 

delivery mechanism was highly significant (p-value .0002). The mean rating of 

fimeliness of interacfion for the Visual Basic software demonstration was 4.45 on a 7-

point scale. PowerPoint had a mean rafing of 4.5 and the mean for CBT was significantly 

higher at 5.3. The difference between the mean rafings of CBT and the Visual Basic 

software demonstration was highly significant (p-value .0001) as was the difference in 

mean rafing between CBT and PowerPoint (P-value .0004). 

Possible reasons for the findings on overall timeliness, instmctor timeliness, 

student-peer and student-computer interaction, may be that the structure provided by the 

delivery mechanism assists the instmctor in implementing the learning model. The 

questions prompting student interaction are embedded in the presentation with both 
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PowerPoint and CBT. The talking points that were provided to instmctors to support the 

Visual Basic software demonstrafion included this same feattire. The implementation, 

however, relied on the instmctor using the talking points while teaching the class. 

One would expect responses from the instmctor to be less timely in paired 

instmcfion. This is because the instmctor must allow time for student pairs to interact as 

each prompfing quesfion is introduced during the course of the class. The questions 

embedded in the presentation were asking students to anticipate answers to a topic about 

to be covered as a means of engaging the students mentally. Answers had not yet been 

presented, but students were provided time to discuss possible answers among themselv es 

in the paired classes. The student perception that they were waiting longer for instmctors 

to provide the material in the paired classes would appear to be reasonable. The effect of 

stmcture, provided by the delivery mechanism was to increase timeliness of interaction, 

while the effect of student peer interaction, generated by the student grouping, was to 

decrease timeliness of interaction, as shown by the statisfical interaction between delivery 

mechanism and student grouping. 

The student-peer interaction for students grouped in pairs was not significant. A 

reason for this non-significant finding may be student unfamiliarity with their 

participatory role in the acfive leaming model of instmction. The large class sections in 

this university, driven by a high student-instmctor rafio, result in a number of classes that 

primarily use the traditional lecture approach to instmction. This may be a contributing 

factor in student's ratings of timeliness of interaction by inhibiting student propensity to 

interact with instmctors during classroom instruction. 
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7.2.3.2 Analvsis of Significant Effects on Overall Ouality of Interaction. Other 

significant effects of the experimental treatments on components of perceived leaming 

interaction were found for the variable overall opportunity for interaction. Student 

grouping had a significant effect on opportunity for interaction (p-value .026). Paired 

students reported less opportunity for interacfion with a mean rating of 4.8 on the 7-point 

scale compared to a mean rafing of 5.18 for individual students. Further analysis was 

conducted on the three single item measures of opportunity to interact with other 

students, instmctors, and computer. 

The effect of student grouping on the opportunity to interact with the instmctor 

was significant (p-value .008). Student pairs had a mean rating of opportunity for 

instmctor interacfion of 4.25, which was lower than the mean of 4.82 for individual 

students. Delivery mechanism had no significant effect on opportunity for instmctor 

interacfion. The delivery mechanism did have a significant effect on the opportunity to 

interact with the computer (p-value .0011). There were no significant main or interaction 

effects on student-peer opportunity for interaction. 

Classes using the Visual Basic software demonstration had a mean rating for 

opportunity to interact with the computer of 4.32 on a 7-point scale. PowerPoint classes 

had a mean rafing of 4.73. The difference between PowerPoint and the Visual Basic 

software demonstrafion rafing was marginally significant (p-value .0862). CBT had a 

mean rafing of 5.25, which was significanfiy higher than the mean rating for both 

PowerPoint (p-value .044) and the Visual Basic software demonstration (p-value .0002). 

The delivery mechanism was marginally significant (.07) for relcv ancc of 

interaction but there were no student grouping or interaction effects. The Visual Basic 
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software demonstrafion was the delivery mechanism with the low est reported relevance, 

having a mean rating for relevance of interaction of 4.98 on a 7-point scale. PowerPoint 

had a mean rating of 5.40 and CBT had a mean rating of 5.43 for relevance of interaction. 

Relevance of interaction was computed by averaging three questions, which were 

analyzed ftirther. One question asked students if classroom interaction was about the 

Visual Basic instmcfion. No significant effects were found for either student grouping or 

delivery mechanism. Another question asked students to agree that interactions w ere 

academically related. A significant effect was attributed to student grouping (p-value 

.037). Paired students had a lower level of academically related interaction with a mean 

rating of 4.72 compared to the individual student mean rating of 5.09. The inference 

from this finding is that a cost of pairing students is the potential for increased off-task 

interaction, which is most likely counterproductive to the leaming process. Neither 

delivery mechanism nor the statistical interaction was statistically significant. 

The other question contributing to the relevance of interaction measure asked for 

agreement that interactions were about personal or non-classroom related topics. An 

interesting finding was that delivery mechanism had a significant effect on this off-task 

interaction (p-value .026) while student grouping and statistical interaction between the 

two were not significant. The rating for this question was reversed for computation of 

quality, meaning that lower ratings indicate more off task interaction. The use of the 

Visual Basic software demonstrafion had a mean rating of 4.72 on the 7-point reverse 

scored scale. The PowerPoint treatment had a mean rating of 5.46 and CBT had a mean 

rating of 5.43. The more structured technologies resulted in a lower level of personal or 

off task interaction during the instmction. Although the paired students had more 
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personal interacfion (mean rafing of 5.15) than individual sttidents (mean rafing of 5.26), 

the finding was not stafistically significant. 

7.2.3.3 Analvsis of Amount of Interaction Neither delivery mechanism nor 

student grouping significantly effected the amount of interaction. Frequency of 

interacfion and overall fime interacting were also not affected by deliv cry mechanism or 

student grouping. Although not included in the operationalization of the perceiv ed 

leaming interacfion variable, ftirther examination of the various types of interaction 

(student-peer, student-instmctor, and student-computer) was conducted to better 

understand the observed phenomenon. 

Student grouping significantly affected frequency of interaction with peers (p-

value .0025). Paired students reported a higher frequency of interaction with other 

students (5.24 on a 7-point scale) than individual students (4.60). Neither delivery 

mechanism nor student grouping significantly effected student frequency of interaction 

with instmctor and computer. It was noted that all delivery mechanisms had a very 

strong level of agreement as students indicated a high frequency of student-computer 

interacfion. The Visual Basic software demonstration had a mean of 5.85, PowerPoint 

had a mean of 5.79, and CBT had a mean of 6.13 on the 7-point scale. 

Overall time spent interacting was not significantly effected by delivery 

mechanism or student grouping. Also not significantly affected were the measures of 

time spent interacfing with instmctor and time spent interacting with computers. Student 

grouping did, however, significantly effect time spent interacting with other students (p-

value .0001). Paired students had a higher mean time interacting with other students 

(rafing of 4.3) than the lower individual student mean of 3.56 on a 7-point scale. 
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The stafistical interacfion effects of student grouping and deliv er\ mechanism, 

tested by hypothesis seven and shown graphically in Figure 6.4, ma\ affect perceiv ed 

leaming interacfion. The stmcture provided by a technology may influence the 

implementation of a leaming model in the classroom. Specific effects may be observed 

in the perceived level of student-instmctor interaction. The leaming model ma> also 

have effects on the opportunity for interaction in the classroom. The relevance of 

interacfion may also be affected by the amount of stmcture the technology prov ides. The 

leaming model also had an effect on perceived leaming interaction by setting up 

conditions for off-task interaction to occur in the classroom. 

7.3 Evaluafion of the Conceptual Model 

The Information Technology-Leaming Interaction Model was ev aluated by 

constmcting a series of propositions and deriving hypotheses to evaluate the relationships 

among the individual constmcts (Figure 7.6). Propositions in section 4.2 w ere dcv eloped 

not only to evaluate the proposed theoretical relationships in the model but w ere also 

designed to support the tesfing of altemative relationships. Propositions one, two, four, 

six, seven, and nine were derived from the relationships specified in the original 

conceptual model. Propositions three, five, and eight were developed to evaluate 

possible altemative relationships among constmcts. 
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7.3.1 Supported Propositions 

The hypothesis tests of proposifions three, seven, and nine resulted in statistically 

significant outcomes with an alpha level of .05. A high degree of support for these 

propositions is inferred. This inference is supported by the experimental controls 

implemented and the use of a mixed random-effects model with a conservative approach 

to hypothesis testing. These tests provide evidence supporting the proposition that 

changes in the level of informafion technology in the delivery of instmction can result in 

different levels of leaming outcomes, when controlling for models of leaming. We also 

have evidence to support the proposition that models of leaming and information 

technology have a statistical interaction effect on leaming interaction. The proposition 
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that leaming interacfion is positively correlated to the leaming outcome w as supported 

but the correlation reported in the hypothesis test, while significant, was weak. This 

finding resulted in the evaluation of other (perceived) leaming outcomes discussed earlier 

in secfion 7.2, which were also positive, much stronger, and highly significant. 

The effect of delivery mechanism on leaming outcome was significant, w ith the 

most stmctured mechanism, CBT, producing the highest difference in test scores. The 

perceived measures of self-reported leaming and class evaluation, on the other hand, 

were not significantly affected by delivery mechanism. One low-level perceptual 

measure of leaming outcome that was significant concemed the question that asked 

students to agree with the statement that they leamed more because of the class fomiat. 

A significant difference was found to exist, with PowerPoint having a higher mean than 

the Visual Basic software demonstration. 

Delivery mechanism and student grouping had a statistical interaction effect on 

overall leaming interaction. This was reflected in the measure of overall timeliness of 

interacfion. More detailed analysis revealed that delivery mechanism effects the measure 

of fimeliness of instmctor-student interacfion. A comment from one of the instructors, 

made during a follow-up interview, revealed that the questions designed to elicit student 

participation were more difficult to implement in the Visual Basic software 

demonstrafion class than in the PowerPoint class. The capability to project the question 

and subsequent answer on the classroom screen via multimedia projector was provided 

by PowerPoint. This allowed students to first ponder questions and then see and consider 

the correct answer. With the Visual Basic softw are demonstration the instructor had to 

ask the same question verbally and then prov ide the response verbally. Given the volume 
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of material covered, writing all questions and answers on the classroom blackboard was 

deemed impractical. 

Proposifions one, two, and six were marginally supported. The hypothesis tests 

for these proposifions resulted in statisfically significant outcomes with alpha lev els of 

.10, but failed to achieve a more desirable alpha level of .05. Proposifions one and two 

addressed the differences between groups for various combinations of information 

technology and leaming models for leaming outcomes and leaming interaction 

respectively. We also have marginal support for proposition six, which states that the use 

of social models of leaming in the delivery of instmcfion results in different levels of 

interaction than individual instmction. The inference made from these supporting 

statistical tests is that marginal support for these propositions exists. 

7.3.2 Non-Supported Proposifions 

Propositions four, five, and eight were not supported by tests of their derived 

hypotheses. We cannot infer support for the fourth proposition, which posits that 

informafion technology directly results in different levels of leaming interaction although 

there was evidence to support low level effects of delivery mechanism on some sub

components of quality of interacfion, specifically on off-task interaction by students. The 

hypothesis testing was also unable to support inferences that the use of social models of 

leaming results in different levels of leaming outcome than individual models, 

proposition five. We did observe a significant effect of student grouping on class 

evaluation, a perceived measure of leaming outcome. We also can make no inferences to 

support proposition eight, which proposes that models of leaming and information 
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technology have a stafistical interacfion effect on leaming outcomes. All of the non

supported propositions, except proposifion four, were developed to explore relationships 

among constmcts in the model as compefing altematives to those in the conceptual 

model. 

The effect of leaming model on leaming outcome was not significant for the 

objective measure of leaming captured by the posttest and pretest difference. This 

finding is not surprising, given that a review of thirty studies of the use of small groups in 

CBT found that paired students outperformed individuals in only 11 of the studies, three 

of which were questionable due to the experimental objecfive (Stephenson, 1992). A 

finding from the supplemental tests conducted was the effect of leaming model on 

affective or perceived leaming outcomes, as measured by self-reported leaming and class 

evaluation (Alavi, 1994). While the student grouping did not affect self-reported leaming 

it did significantly affect class evaluation for the PowerPoint condition. The mean class 

evaluafion for paired students was lower than the mean class evaluation for individuals. 

The delivery mechanism had no significant effect on perceived leaming 

interacfion, even though the means of the measure were lowest for the Visual Basic 

software demonstration and highest for CBT. Further tests found significant effects of 

delivery mechanism on student-computer interaction and opportunity to interact w ith 

computer. As expected the CBT had the highest means for these v ariables. An 

interesting finding was that delivery mechanism had a significant effect on relcv ancc of 

interaction. Students in classes using the Visual Basic software demonstration had a 

lower mean rating for relevance, which was computed by av eraging responses from three 

questions. The question asking for agreement that interaction was on personal topics had 
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a significantly higher mean for the Visual Basic software demonstration. An explanation 

of this may be that delivery mechanisms with lower stmcttire, such as the Visual Basic 

software demonstration, set up conditions for sttidents to participate in more off task 

interacfion as measured by this item. These findings suggest that the stmcture of the 

delivery mechanism may affect some aspects of leaming interaction even if the overall 

measure of perceived leaming interaction developed in this study failed to be 

significantly effected. 

These findings would infer that support for the Information Technology-Leaming 

Interacfion Model, with some areas identified for future research, is warranted. Based on 

the failure to infer strong support for proposition four, the relationship between 

information technology and leaming interaction in the conceptual model should be 

subjected to further research. The inferred strong support for proposition three, the 

relationship between information technology and leaming outcome, is also an area for 

future research and consideration for addition to the conceptual model. The other 

relafionships in the original conceptual model were supported, either fully or marginally. 

7.4 Inferences from the Research 

The majority of the propositions supporting the original conceptual model of 

Informafion Technology-Leaming Interaction were supported. How ev er, non-support of 

proposition four requires more research into the direct effect of information technology 

on leaming interacfion. Other significant findings of the research included the distinction 

that was discovered between actual leaming outcomes as measured by objective 

posttest/pretest differences and perceiv ed leaming outcomes measured via a previously 
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validated survey instmment. While perceived leaming interaction had a small but 

significant con-elation with acttial leaming outcomes, it had a large, highly significant 

correlafion with perceived leaming outcomes as operationalized by self reported leaming 

and class evaluation. 

Information technology and student grouping were found to hav e several 

significant stafisfical interacfion effects. A stafistical interaction effect was on perceiv ed 

leaming interacfion. Another stafistical interacfion effect was on overall timeliness of 

interaction with a related statistical interaction effect found on timeliness of student-

instmctor interacfion. The findings of this study are not consistent with PresnelPs (1998) 

finding that information technology had no effect on performance or perceived 

understanding. Differences in the study may be due to the different mechanisms used to 

operationalize information technology. Different technologies most likely have different 

levels of effects. The length of the Presnell study was over an entire semester, however, 

the control of the instmctors was much looser than in this study, which covered only two 

class sessions. Differences in the findings of the studies could be due to the use of a 

macro (Presnell's study) versus micro (this study) genre (Hughes & Hewson, 1998). 

While not a refutafion of the Presnell study, these differences in findings provide strong 

support for continued research. 

7.4.1 Technology-Added Stmcture 

A possible explanation of the interaction effect is provided in two parts. First the 

informafion technologies that require a live instructor to teach the class (Visual Basic 

software demonstration and PowerPoint) provide different supporting structures for the 
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instmctor. For the PowerPoint-supported instmctor. the slides and talking points prov ide 

a stmcttire that keeps instmction on topic. The interaction prompts embedded in the 

design of the presentation and displayed on the screen help both the insttaictor and the 

students to implement the planned interaction at the appropriate point in the instmction. 

The Visual Basic software demonstration classes were provided w ith talking 

points but no other stmcttiring technology. The instmctor w as free to discuss an> aspect 

of the Visual Basic software. The lack of stmcttire inherent in the use of the technolouv 

did not provide the embedded prompts to cue the students and instmctor that a planned 

interacfion should be inserted at a particular point in the instmction. It is highly likely 

that cues were missed during the instmction using the Visual Basic softw are 

demonstration. The lack of a visual reference to questions and subsequent answers, as 

observed by one of the instmctors, impaired the effectiveness of the cues embedded in 

the instmctional design. 

The lack of stmcture could tend make the leaming models less distinctive because 

instmctors must work harder to get students to implement the desired leaming model, 

reducing the differences in perceived leaming interaction reported by students. This could 

account for the lack of difference in perceived interaction, timeliness of interaction, and 

student-instmctor interaction between the two student groupings that used the Visual 

Basic software demonstrafion. The increase in personal or off-task interaction for the 

Visual Basic software demonstration would also tend to support the assertion that the 

class was less structured in its delivery. 

34 



7.4.2. Modified Role of the Instmctor 

The CBT technology on the other hand also tended to exhibit a smaller difference 

in perceived leaming interacfion as well as overall timeliness of interaction for student 

grouping. This technology had the highest amount of stmcture, consistently resulting in 

high leaming outcomes. It is so stmctured, however, that the instmctors play a 

supporting role to the extent that they are not involved in the actual delivery of 

instmction. It is possible that students working together through the CBT instmction 

merely shared a machine by reading the screen together. While they did ha\ e a practical 

exercise to complete, the software provided step-by step instmctions on screen. It is 

likely that the availability of very specific on-screen direction and the lack of instructor 

control over the delivery of instmction resulted in similar leaming conditions for students 

using both leaming models, which could have caused the similarity in measurements. 

7.4.3 Differences in Actual and Perceived Leaming 
Outcomes 

Students grouped in pairs did not appear to have significantly different objective 

leaming outcomes as measured by test differences and self-reported leaming. Paired 

students using PowerPoint did have a lower level of perceived leaming interaction than 

did students participafing individually in the class. Significanfiy lower leaming outcomes 

as measured by class evaluafion and the lack of positive effects on test differences or self-

reported leaming outcomes do not provide evidence to support prior research advocating 

the use of student pairs when using CBT (Stephenson, 1992). 
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A trade-off may exist between leaming outcomes and the level of perceived 

leaming interaction and subsequent class evaluation by students. This finding may be 

applicable to instmcfion in the fundamentals of an unfamiliar software package. While 

using the CBT provided superior objecfive leaming outcomes, it would appear that an 

instmctor, supported by a presentafion technology like PowerPoint may elicit a higher 

level of interacfion by students and superior class evaluations for individual student 

leamers. 

7.4.4 Counterintuitive Effect of Cooperative 
Leaming on Perceived Leaming Interaction 

Leaming model was shown to have an effect on perceived leaming interaction, a 

finding that supports proposition six. With this particular set of leaming models, paired 

leamers had a significantly lower level of perceived leaming interaction. Further 

examination of the variables used to constmct the leaming interaction variable and other 

single item measures of interaction by type (student, instmctor, or computer) revealed 

several effects that help to explain this difference and provide questions for future 

research. 

The overall timelines of interaction was lower for paired students using 

PowerPoint. This could have contributed to the significanfiy lower timeliness of student-

instmctor interaction for paired students reported earlier. A related finding was that 

paired students had a lower overall opportunity to interact. A possible explanation is 

provided by the finding that student interaction with the instmctor had a significantly 
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lower mean for paired students. These measures of student-instmctor interaction most 

likely accounted for the lower perceived leaming interaction for paired students. 

While the overall amount of perceived the leaming model negatively affected 

leaming interacfion, there were indicafions of positive effects. These effects were 

captured by specific measures of student-peer, student-instmctor, and student-computer 

interacfion that were not used in the measure of overall perceived interaction, but w ere 

used to reinforce the definition of interaction to subjects. The frequency of interaction 

with other students was significantly higher with paired students. This is a finding that 

was expected. The time spent interacting with other students was also significantly 

higher for paired students. These findings provide statistically significant empirical 

support for Stephenson's (1992) proposition that paired students spend more time to 

establish a working relationship and verbally interact with each other. This speculation 

was an attempt to explain why a number of studies reported that paired students in CBT 

classes spend more time completing the leaming task and supports the need for 

measurements provided by the instmment developed in this research. Overall, it appears 

that the amount of student-peer interaction was higher for student pairs. However, 

student pairs did not interact more with the computer or with the instmctor. 

7.4.5 Leaming Interaction Trade-offs 

There is suggestive evidence of a trade-off between interactions with other 

students and interacfions with the instmctor, which may be affected by the leaming 

model. In this particular case, paired students had a higher rating for amount of 

interacfion with other students and lower ratings for the timeliness and opportunity tor 
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interaction with instmctor. Further impacting this trade-off is the significantly lower 

mean for academically related interaction for paired students. This suggests that the 

higher amounts of student-to-student interaction in paired students included more off-task 

interaction. This finding provides empirical evidence counter to Stephenson's (1992) 

speculation that paired students may stay on task more than individual students during 

CBT instmction for a stmctured leaming task, however the effect on different tasks needs 

more research. 

The next section presents the conclusions of the dissertation. It discusses the 

contribufions and the significance of the research. It also presents several limitations of 

the research and discusses areas for future research. 
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CHAPTER VIII 

CONCLUSION 

8.1 Overview 

This research addresses an area that is growing in importance in academia, 

govemment, and industry and is becoming more interdisciplinary. The research attempts 

to better idenfify relationships among factors affecting the interaction process bv 

addressing methodological issues cited in the literature. It examines the effects of 

information technology on interaction processes occurring in the computer-equipped 

classroom where electronic delivery can support a human instmctor or serv e as a 

surrogate for the human instmctor. The research outcomes can be applied to educational 

settings, industrial training, or in the design of instmctional deliv ery systems (computer-

based training or performance support). 

8.2 Contribufions of Research 

Insights into the composition and operationalization of the leaming interaction 

constmct are a contribution of this research. Leaming interaction has been cited as a 

fundamental need in a number of disciplines and has been decomposed into a rather 

complex, yet previously untested taxonomy. Examination of low er order constructs, 

proposed to represent leaming interacfion were examined to determine their relative 

contribution as a measure of leaming interaction. This research has developed and 

implemented an instrument for measuring perceived interaction that has demonstrated a 

reasonable degree of reliability in both the pilot and main studies. 
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This research also provides a conceptual model identifying information 

technology as a constmct separable from other constmcts critical to the leaming proces 

Findings on the effect of informafion technology directly on leaming outcomes and the 

stafistical interacfion effects on leaming interaction have provided evidence to refute 

claims that the means of delivery does not matter as reported by Main and Riise (1995) 

The conceptual model developed in the research has been validated and revised, 

providing a basis for ftiture theory building and experimentation in the context of 

electronic delivery of knowledge. 

8.3 Significance 

From a theoretical perspective, this research is among the first to address the 

taxonomy of interaction suggested by Main and Riise (1995). It provides empirical 

findings to support the relevance of the taxonomy. The number of significant findings 

that help explain the effects of both informafion technology and leaming models on 

leaming processes and outcomes was demonstrated by the research. From a practical 

perspective, the cost of developing interactive media increases as the level of complexity 

increases. One of the cost drivers for computer-based instmcfion delivery is the 

determination of the required level of interaction an electronic delivery system should 

support and its subsequent development. This research is important in gaining insights 

into to the relative worth of interaction in the leaming process. Support for embedding 

higher levels of interactivity into instmctional design of electronic knowledge delivery 

systems to achieve a higher level of perceived leaming outcomes could be inferred from 

the findings, although more research is need to confirm this inference. 
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The findings of this research are important for information systems education. 

The findings are direcfiy applicable to instmcfion in information systems courses, 

particularly those with a software leaming component including programming languages, 

office applications, and CASE tools. A variety of information technologies are readily 

available to deliver instmction or support the delivery of instmction on softw are used in 

these courses. The effects of specific informafion technologies on both objective and 

affective outcomes should be a consideration as educators balance the need for student 

leaming and student safisfaction and the subsequent effect on perceived leaming 

outcomes such as course evaluafions. Deciding how much of a course to deliver via 

informafion technology, such as the Intemet delivered CBT, is a consideration many 

institutions face in an era of constrained instmctional resources. 

The findings are also applicable to educating information systems students on 

user training. Considerations for the development of training support packages for the 

implementation phase of information system development is an area that this research can 

support. Specifically, ftirther research could support the development of heuristics that 

could aid in selecting acceptable mixes of technology and leaming models. 

The findings are also applicable to information systems training in industry and 

govemment. These organizations routinely plan, develop, conduct, and evaluate long-

term training programs for informafion systems. The information systems field has the 

unique capability to design and embed training systems into the products it produces. 

This research provides a tool that could be used to explore the technologies, learning 

models, learning interaction, and leaming outcomes that would better support system 
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delivered training. This could result in the development of more successftil training 

packages and embedded training features. 

8.4 Limitations 

This research, like any other, has limitations. Due to previous studies reporting 

the non-effect of information technology, a large number of subjects were required to 

support this potential finding with a high degree of confidence. The limited budget 

available dictated the use of self-reported leaming interaction rather than collecting 

interaction data via extemal instmmentation. As discussed earlier, the use of same-

source data has the potential to introduce biases into the data collected, particularly in the 

area of percept-percept inflafion. The study does not use a double-blind technique in the 

research design resulting in the potential for a placebo effect that could bias the results. 

However, the use of multiple instmctors (whose random effect was non-significant) and 

random assignment of classes to treatments has been used in an effort to mitigate the 

effects of this type of bias. The context of the research is an introductory course module 

on a programming language within a mandatory course, which may not be generalizable 

to other leaming contexts. Due to resource constraints, the study takes a cross-sectional 

rather than a longitudinal approach, again limifing the generalizability of the study. It 

does not address the issue of long-term leaming effects of the various information 

technologies, leaming models and leaming interaction. 
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les. 

8.5 Future Resenrrh 

Future research should be conducted to investigate this area in greater depth. 

Studies of this data set should be conducted with causal modeling techniques such as 

stmctured equafion modeling to confirm the relationships in this model. This would 

strengthen the arguments made to support the propositions. Future research, using the 

Informafion Technology-Leaming Interaction Model, would include longitudinal studio 

studies of altemafive delivery mechanisms and leaming models, and studies in field 

settings. Longitudinal studies should be conducted to explore the effects of various 

information technologies and leaming models on the long-term retention of student 

knowledge. Does the level of interaction affect retenfion of knowledge? If so, what 

specific type of interaction should be supported in the design of the instruction. 

Altemative delivery mechanisms and leaming models should be examined to determine if 

the effects on leaming interaction remain valid. 

The differences and possible relafionships between objective leaming outcomes 

versus affective and perceived leaming outcomes is one that needs to be explored more 

fully. Research to explain the relafionship among perceived and objective outcomes 

should be integrated into the model to further explore the effects of information 

technology on the leaming. An example of modifications to the Information 

Technology-Leaming Interaction Model that would support such research is shown in 

Figure 8-1. This research model could be further extended by a bifurcation of learning 

interaction into perceived leaming interaction and extemally measured leaming 

interacfion. Research in this area would require considerable experimental resources to 

support objectively measuring all the aspects of interaction in a reasonably si/ed sample. 
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Studies should be conducted in industrial or govemmem settings to determine the 

effects of informafion technologies and leaming models on workers in both initial entr>' 

training as well as during sustainment training. Are the same types and lev els of 

interaction necessary to achieve desired leaming outcomes? 

Individual 
Characteristics 

Task 
Characteristics 

Instructor 
Characteristics 

Model of 
Leaming 

Leaming 
interaction 

Information 
Technology 

Leaming 
Outcomes 
Perceived 
Leaming 

Outcomes 

Objective 
Leaming 

Outcomes 

" • Supported theoretical relationships 
• Relationships for future research 

Figure 8.1. The Information Technology-Leaming Interaction Model Modified 
for Future Research of Perceived and Objective Leaming Outcomes. 

Future studies of leaming interaction should be conducted. The measure of 

perceived leaming interaction should be compared experimentally to objectiv e measures 

of leaming interaction for each area in the Main and Riise (1995) taxonomy of 

interaction. This would serve to support studies on the effects of both perceived leaming 

interaction and objecfively measured leaming interaction on both perceiv ed leaming 

outcomes and objective leaming outcomes. This would require the development of 

extemal measures of leaming interaction. 
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Sttidies on the effect of objecfive leaming outcomes versus perceived leaming 

outcomes on IS system satisfaction would also serve a useftil purpose. Giv en that 

training has been found to be a determinant of information system success, are objective 

training and leaming outcomes or perceived training and leaming outcomes the major 

drivers in this success? 

8.6 Summary 

This research was conducted to address the need to examine the effects of 

information technology on leaming interaction in an environment controlled for the 

effects of other constmcts. Five major research issues were addressed by this research. 

A model was developed and empirically validated that can be used to better explain the 

effects of informafion technology on leaming interaction and leaming outcomes, the first 

research issue. The second research issue addressed the usefulness of an untested 

taxonomy of leaming interacfion, which was demonstrated through the development and 

use of an instmment to measure various components of leaming interaction. The third 

issue was addressed by demonstrating that information technology had effects only on 

some sub-constmcts of leaming interaction. Information technology was shown to have 

a significant posifive effect on an objective measure of leaming outcomes, prov iding 

insight into the fourth research issue. The last research question addressed the statistical 

interaction effects of technology and leaming models, which was answered bv the finding 

of significant stafistical interaction effects on leaming interaction and the lack o( finding 

of statistical interaction effects on leaming outcomes. This research resulted in findings 
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that provide new knowledge about the impact of information technologv on leaming and 

an instmment that can serve as a tool to support future research endeavors. 
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QUESTIONNAIRE FOR PILOT STUDY 
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Visual Basic Class Survey 
Form 1 

This survey is designed to evaluate the class on Visual Basic you will participate in today. Your responses 
to the survey will remain anonymous; however, this material serves as a good review of material that may 
be useful to you in answering questions during your upcoming job search. The surv ev has 2 parts. Part 1 
asks questions about your expectations, your background, and has a short pre-test on Visual Basic. It is to 
be completed and tumed in to the instmctor at the beginning of class. Part 2 of the survey, completed after 
the class, asks you to evaluate your classroom experience and complete a short post-test on Visual Basic. 
When you have completed and tumed-in both parts of the survey to your instmctor. you w ill recei\e extra 
credit (3%) in ISQS 4348. This extra credit is provided as a means to express our appreciation for your 
participation in this research. 

Section 1. Background 

We are interested in what you expect from the Visual Basic training session today. Please select from 
the following options in answering questions 1-5: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither 
Agree nor 
Disagree 

4 

Slightly 
Agree 

5 

.\gree 

6 

Strongly 
.\gree 

7 

1. I expect to become very proficient in the use of Visual Basic. 
2. I feel confident that I can use Visual Basic. 
3. Using Visual Basic is probably something I will be good at. 
4. I believe that Visual Basic is a skill that I can use easily. 
5. I believe that my Visual Basic skill will improve substantially through this training. 

Select the answers below that are most appropriate for questions 6 - 1 3 below. 

6. Which of the following best describes your previous experience with Visual Basic? 
1) I am a novice - this will be my first class on Visual Basic. 
2) I have occasionally used Visual Basic before. 
3) I have frequently programmed with Visual Basic. 
4) Visual Basic is central to my work or studies. 

7. Which of the following best describes your previous experience with computer programming? 
1) 1 am a novice - this will be my first programming class. 
2) 1 have occasionally programmed computers before. 
3) I have frequently programmed computers. 
4) Programming computers is central to my work or studies. 

8. Which of the following best describes your previous experience with computer systems/ 
1) 1 am a novice - this will be my first use of a computer system. 
2) 1 have occasionally used computers before. 
3) 1 frequently use computer systems. 
4) Use of computers is central to my work or studies. 
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9. What was your overall SAT score? 
1) less than 930 
2) 930 -989 
3) 970 - 1009 
4) 1010 - 1049 
5) 1050 - 1089 
6) 1090 1129 
7) 1130 - 1169 
8) 1170 - 1210 
9) more than 1210 
10) I did not take the SAT. 

10. What is your current overall GPA? 
1) More than 3.75 
2) 3.50-3.75 
3) 3.25-3.49 
4) 3.00 - 3.24 
5) 2.75-2.99 
6) 2.50 - 2.74 
7) 2.25 - 2.49 
8) 2.00 - 2.24 
9) Less than 2.0 

11. What is your age? 
1) Under 18 
2) 18-19 
3) 20-24 
4) 25-29 
5) 30-34 
6) 35-39 
7) 40-44 
8) 45-49 
9) 50 or more 

12. What is your Gender? 
1) Male 
2) Female 

13. What is your major? 
1) Accounting 
2) Agribusiness 
3) Economics 
4) Finance 
5) General Business 
6) Management 
7) Management Information Systems 
8) Marketing 
9) Petroleum Land Management 
10) Other 
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Section 2. Visual Basic Pre-Test 

The purpose of this section is to assess your understanding of Visual Basic Forms & Controls before 
participating in the class instruction. Please answer questions 14 - 27 to the best of your ability. 

14. You assign to a form's properties to determine how it looks and behav es. 
1) Methods 
2) Objects 
3) Values 

15. Which action can a user perform on a form that has its BorderStyle property set to 4 (Fixed 
ToolWindow)? 
1) Move 
2) Resize 
3) Minimize 
4) Maximize 

16. If a form isn't loaded when the Hide method is invoked, what happens? 
1) The form remains unloaded. 
2) The form is displayed but not loaded. 
3) The form is loaded but not displayed. 

17. You create MDI child forms only by adding new forms. 
1) Tme 
2) False 

18. You use labels to display text that the user change directly. 
1) can 
2) can't 

19. When you set the MultiLine property for a text box to , a text box can display more that one 
line of text. If the MultiLine property is set to the Alignment property has no effect. 
1) Tme, Tme 
2) False, Tme 
3) False, False 
4) Tme, False 

20. When the value of MaxLength is exceeded in a text box designed to receive a user's password, which 
of the following occurs? (Choose more than one item from the list below.) 

a . The system generates a beep. 
b . The text box accepts no further characters. 
c . The system generates a dialog box that displays an error message. 
d . Application execution ends. 

1) a«&b 
2) b & c 
3) a & d 
4) b & d 

21. Generally, form updates are processed by Window s. 
1) Manually 
2) Automatically 
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22. To display text on a command button, you set its property. 
1) Caption 
2) Name 
3) Value 

23. To allow a user to choose a command button by pressing Enter, you do which of the following? 
1) Set the Cancel property to Tme. 
2) Set the Default property to Tme. 

24. How does Visual Basic determine the default tab order for controls? 
1) By the alphabetical order of the control names 
2) By the order in which they were placed on the form 

25. What property do you use to change the default tab order? 
1) TabOrder 
2) TabFocus 
3) Tablndex 
4) Focus 

26. You set an access key for a control by typing an ampersand the relevant letter in the Caption 
property of the control. 
1) Before 
2) After 

27. If a control doesn't have a Caption property you can still set up an access key for it. 
1) Tme 
2) False 
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Section 3. Class Evaluation 

This section of the survey focuses on the class on Visual Basic you just participated in. Questions 1 
through 38 ask you to rate the amount of interaction you experienced during the class. Interaction is 
a term referring to communication between you and the instructional environment, including the 
instructor, other students, and computer software. 

Please select from the following options in answering questions 1-4: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

.Agree 

" 

Strongly 
.Agree 

' 

During the conduct of the instruction on Visual Basic: 

1. 1 frequently interacted with the instmctor during the Visual Basic class. 
2. 1 frequently interacted with the other students during the Visual Basic class. 
3. I frequently interacted with the computer during the Visual Basic class. 
4. The overall level of interaction during the Visual Basic class was infrequent. 

Please select from the following options in answering questions 5-8: 

Never 

1 

Very short 

2 

Short 

3 

Neither long 
nor short 

4 

Long 

5 

Very long 

6 

Constant 

7 

5. The time spent interacting with the instmctor during the class was generally 
6. The time spent interacting with other students during the class was generally 
7. The time spent interacting with the computer during the class was generally _ 
8. The overall time spent interacting in class was . 

Please select from the following options in answering questions 9-13: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly Agree Strongly 
Agree ' Agree 

5 6 7 

9. The instmctor initiated most interactions with me. 
10. I initiated most interactions with the instmctor. 
11. Other students initiated most interactions with me. 
12. I initiated most interactions with the other students. 
13. The computer initiated most interactions with me. 
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Please select from the following options in answering questions 14-42: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

Agree 

6 

Strongly 
Agree 

7 

14. I initiated most interactions with the computer. 
15. 1 was required to interact with the instmctor during the class. 
16. I was required to interact with the computer during the class. 
17. I was required to interact with other students during the class. 

18. The instmctor provided responses in a timely manner. 
19. Other students provided responses in a timely manner. 
20. The computer provided responses in a timely manner. 
21. Overall, responses were provided in a timely manner. 

22. Interaction during the class session was accomplished verbally. 
23. Interaction during the class session was accomplished using text. 
24. Interaction during the class session was accomplished using graphics. 

25. Interactions with the instmctor were mainly spontaneous. 
26. Interactions with the computer were mainly spontaneous. 

27. Interactions with other students were mainly planned. 
28. Overall, interactions were mainly planned. 

29. Interactions during the class session were routine. 
30. Interactions during the class session were uninteresting. 
31. Interactions during the class session were emotionally involving. 

32. Interactions were academically related. 
33. Interactions during the class session were about the Visual Basic instmction. 
34. Interactions during the class session were on personal or non-classroom related topics. 

35. My interactions with the computer during class were mainly relevant. 
36. My interactions with other students during class were mainly relevant. 

37. My interactions with the instmctor during class were mainly irrelevant. 
38. Overall, my interactions were irrelevant. 

39. My interactions with other students during class were mainly informal. 

40. My interactions with the instmctor during class were mainly formal. 
41. My interactions with the computer during class were mainly formal. 
42. Overall, my interactions were formal. 
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Please select from the following options in answering questions 43-56: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

Agree 

6 

Strongly | 
Agree • 

' 1 
43. 1 had ample opportunity to interact with the instmctor. 
44. 1 did not have ample opportunity to interact with the computer. 
45. 1 had ample opportunity to interact with other students. 
46. Overall, I had ample opportunities to interact during the class. 

As a result of this class: 
47. 1 increased my understanding of the basic concepts of Visual Basic programming. 
48. I leamed factual material on Visual Basic Programming. 
49. 1 leamed to identify issues central to Visual Basic programming fiindamentals. 

As a result of the two classes on Visual Basic programming: 
50. I discussed Visual Basic programming with others outside class. 
51. 1 did additional reading on Visual Basic. 
52. I did some thinking for myself about Visual Basic programming. 

Overall comments on the Visual Basic class: 
53. I found the class to be a good leaming experience. 
54. I leamed more because of the class format. 
55. The class was boring. 
56. Student comments were usefiil to me. 

Section 4. Visual Basic Post-Test 

The last section of the survey asks questions covering concepts covered in the class on \ isual Basic 
Forms & Controls. Please select the most appropriate response to questions 57 - 70. 

57. You assign _ 
1) Methods 
2) Objects 
3) Values 

to a form's properties to determine how it looks and behaves. 

58. Which action can a user perform on a form that has its BorderStyle property set to 4 (Fixed 
ToolWindow)? 
1) Move 
2) Resize 
3) Minimize 
4) Maximize 

59. If a form isn't loaded when the Hide method is invoked, what happens' 
1) The form remains unloaded. 
2) The fomi is displayed but not loaded. 
3) The form is loaded but not displayed. 

60. You create MDI child forms only by adding new fomis. 
1) Tme 
2) False 
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61. You use labels to display text that the user change directly. 
1) can 
2) can't 

62. When you set the MultiLine property for a text box to , a text box can display more that one 
line of text. If the MultiLine property is set to the Alignment property has no effect. 
1) Tme, Tme 
2) False, Tme 
3) False, False 
4) Tme, False 

63. When the value of MaxLength is exceeded in a text box designed to recei\e a user's password, which 
of the following occurs (Choose more than one item from the list below.) 

a . The system generates a beep. 
b . The text box accepts no further characters. 
c . The system generates a dialog box that displays an error message. 
d . Application execution ends. 

1) a & b 
2) b & c 
3) a & d 
4) b & d 

64. Generally, form updates are processed by Windows. 
1) Manually 
2) Automatically 

65. To display text on a command button, you set its property. 
1) Caption 
2) Name 
3) Value 

66. To allow a user to choose a command button by pressing Enter, you do which of the following? 
1) Set the Cancel property to Tme. 
2) Set the Default property to Tme. 

67. How does Visual Basic determine the default tab order for controls? 
1) By the alphabetical order of the control names 
2) By the order in which they were placed on the form 

68. What property do you use to change the default tab order? 
1) TabOrder 
2) TabFocus 
3) Tablndex 
4) Focus 

69. You set an access key for a control by typing an ampersand the relcv ant letter in the Caption 
property of the control. 
1) Before 
2) After 
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70. If a control doesn't have a Caption property you can still set up an access key for it. 
1) Tme 
2) False 

Thank you for your time and effort in participating in this research. Please turn-in this survey form 
and your response sheet to your instructor to receive your extra credit points. 

Section 5 Treatment (Coded by researcher): 

71. Student grouping: 
0 = single 
1 = pairs 

72. Delivery medium: 
0 = Live VB 
1 = PowerPoint supported 
2 = CBT delivered 
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APPENDIX B 

QUESTIONNAIRE FOR MAIN STUDY 
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Visual Basic Class Survey 
Form 1 

This survey is designed to evaluate the class on Visual Basic you will participate in today. \'our responses 
to the survey will remain anonymous; however, this material will be covered on your regularly scheduled 
lab exam in ISQS 2440. The survey has 2 parts. Part 1 asks questions about your expectations, your 
background, and has a short pre-test on Visual Basic. It is to be completed and tumed in to the instmctor 
at the beginning of class. Part 2 of the survey, completed after the class, asks you to evaluate your 
classroom experience and complete a short post-test on Visual Basic. When you have completed and 
tumed-in both parts of the survey to your instmctor, you will be entered into a drawing for prizes. This 
drawing is provided as a means of expressing our appreciation for your participation in this research. 

Part 1. Background & Pre-test (Use the Scantron coded "test 1") 

We are interested in what you expect from the Visual Basic training session today. Please select from 
the following options in answering questions 1-6: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither 
Agree nor 
Disagree 

4 

Slightly 
Agree 

5 

Agree 

6 

Strongly 
Agree 

7 

1. I expect to become very proficient in the use of Visual Basic. 
2. 1 feel confident that I can use Visual Basic. 
3. Using Visual Basic is probably something 1 will be good at. 
4. It just will not be possible for me to use Visual Basic as well as 1 would like. 
5. I believe that Visual Basic is a skill that 1 can use easily. 
6. I believe that my Visual Basic skill will improve substantially through this training. 

Select the answers below that are most appropriate for questions 7 - 1 4 below. 

7. Which of the following best describes your previous experience w ith Visual Basic? 
1) I am a novice - this will be my first class on Visual Basic. 
2) I have occasionally used Visual Basic before. 
3) 1 have frequently programmed with Visual Basic. 
4) Visual Basic is central to my work or studies. 

8. Which of the following best describes your previous experience with computer programming? 
1) 1 am a novice - this will be my first programming class. 
2) 1 have occasionally programmed computers before. 
3) 1 have frequently programmed computers. 
4) Programming computers is central to my work or studies. 

9. Which of the following best describes your prev ious experience with computer systems' 
1) 1 am a novice - this will be my first use of a computer system. 
2) 1 have occasionally used computers before. 
3) 1 frequently use computer systems. 
4) Use of computers is central to my work or studies. 
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10. What was your overall SAT score? 
0) 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

I did not take the SAT. 
less than 930 

930 -989 
970 - 1009 

1010 - 1049 
1050 - 1089 
1090 - 1129 
1130 - 1169 
1170 1210 
more than 1210 

11. What is your current overall GPA? 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

More than 3.75 
3.50-3.75 
3.25-3.49 
3.00-3.24 
2.75 - 2.99 
2.50-2.74 
2.25 - 2.49 
2.00 - 2.24 
Less than 2.0 

12. What is your age? 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

Under 18 
18-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50 or more 

13. What is your Gender? 
1) 
2) 

Male 
Female 

14. What is your major? 
0) 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

Accounting 
Agribusiness 
Economics 
Finance 
General Business 
Management 
Management Information Systems 
Marketing 
Petroleum Land Management 
Other 
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Visual Basic Pre-Test 

The purpose of this section is to assess your understanding of Visual Basic Forms & Controls before 
participating in the class instruction. Please answer questions 15 - 28 to the best of your ability. 

15. You assign to a form's properties to determine how it looks and behaves. 
1) Methods 
2) Objects 
3) Values 

16. Which action can a user perform on a form that has its BorderStyle property set to 4 (Fixed 
ToolWindow)? 
1) Move 
2) Resize 
3) Minimize 
4) Maximize 

17. If a form isn't loaded when the Hide method is invoked, what happens? 
1) The form remains unloaded. 
2) The form is displayed but not loaded. 
3) The form is loaded but not displayed. 

18. You create MDI child forms only by adding new forms. 
1) Tme 
2) False 

19. You use labels to display text that the user change directly. 
1) can 
2) can't 

20. When you set the MultiLine property for a text box to , a text box can display more that one 
line of text. If the MultiLine property is set to the Alignment property has no effect. 
1) Tme, Tme 
2) False, Tme 
3) False, False 
4) Tme, False 

21. When the value of MaxLength is exceeded in a text box designed to receiv e a user's password, which 
of the following occurs? (Choose more than one item from the list below.) 

a . The system generates a beep. 
b . The text box accepts no further characters. 
c . The system generates a dialog box that displays an error message. 
d . Application execution ends. 

1) a & b 
2) b & c 
3) a & d 
4) b & d 

22. Generally, form updates are processed by Windows. 
1) Manually 
2) Automatically 
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23. To display text on a command button, you set its property. 
1) Caption 
2) Name 
3) Value 

24. To allow a user to choose a command button by pressing Enter, you do which of the following? 
1) Set the Cancel property to Tme. 
2) Set the Default property to Tme. 

25. How does Visual Basic determine the default tab order for controls? 
1) By the alphabetical order of the control names 
2) By the order in which they were placed on the form 

26. What property do you use to change the default tab order? 
1) TabOrder 
2) TabFocus 
3) Tablndex 
4) Focus 

27. You set an access key for a control by typing an ampersand the relevant letter in the Caption 
property of the control. 
1) Before 
2) After 

28. If a control doesn't have a Caption property you can still set up an access key for it. 
1) Tme 
2) False 

Stop! 

Do not complete part 2 of the survey until you either 1) have received instruction on Visual Basic 
Forms & Controls and completed the Visual Basic exercise or 2) been told to continue by your lab 
instructor. 
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Part 2. Class Evaluation & Post Test (Use the Scantron coded "test 2") 

This section of the survey focuses on the class on Visual Basic you just participated in. Questions 1 
through 48 ask you to rate the amount of interaction you experienced during the class. Interaction is 
a term referring to communication between you and the instructional environment, including the 
instructor, other students, and computer software. 

Please select from the following options in answering questions 1-4: 

Strongly 
Disagree 

1 

Disagree Slightly 
Disagree 

Neither Agree 
nor Disagree 

Slightly 
Agree 

Agree Strongly 
Agree 

During the conduct of the instruction on Visual Basic: 

1. 1 frequently interacted with the instmctor during the Visual Basic class. 
2. I frequently interacted with the other students during the Visual Basic class. 
3. I frequently interacted with the computer during the Visual Basic class. 
4. The overall level of interaction during the Visual Basic class was infrequent. 

Please select from the following options in answering questions 5-8: 

Never 

1 

Very short 

2 

Short 

3 

Neither long 
nor short 

4 

Long 

5 

N'ery long 

6 

Constant 

7 

5. The time spent interacting with the instmctor during the class w as generally _ 
6. The time spent interacting with other students during the class was generally 
7. The time spent interacting with the computer during the class was generally _ 
8. The overall time spent interacting in class was . 

Please select from the following options in answering questions 9-15: 
Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

Agree 

6 

Strongly 
Agree 

7 

9. The instmctor initiated most interactions with me. 
10. I initiated most interactions with the instmctor. 
11. Other students initiated most interactions with me. 
12. I initiated most interactions with the other students. 
13. The computer initiated most interactions with me. 
14. 1 initiated most interactions with the computer. 
15. Overall, 1 initiated most interactions during the class. 
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Please select from the following options in answering questions 16-44: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

Agree 

6 

Strongly 
Agree 

7 

16. I was required to interact with the instmctor during the class. 
17. I was required to interact with the computer during the class. 
18. I was required to interact with other students during the class. 
19. Overall, I was required to interact during the class. 

20. The instmctor provided responses in a timely manner. 
21. Other students provided responses in a timely manner. 
22. The computer provided responses in a timely manner. 
23. Overall, responses were provided in a timely manner. 

24. Interaction during the class session was mostly accomplished verbally. 
25. Interaction during the class session was mostly accomplished using text. 
26. Interaction during the class session was mostly accomplished using graphics. 

27. Interactions with the instmctor were mainly spontaneous. 
28. Interactions with the computer were mainly spontaneous. 

29. Interactions with other students were mainly planned. 
30. Overall, interactions were mainly planned. 

31. Interactions during the class session were routine. 
32. Interactions during the class session were uninteresting. 
33. Interacfions during the class session were emotionally involving. 

34. Interactions were academically related. 
35. Interacfions during the class session were about the Visual Basic instmction. 
36. Interacfions during the class session were on personal or non-classroom related topics. 

37. My interactions with the computer during class were mainly relevant. 
38. My interacfions with other students during class were mainly relevant. 

39. My interactions with the instmctor during class were mainly irrelevant. 
40. Overall, my interactions were irrelevant. 

41. My interactions with other students during class were mainly informal. 

42. My interacfions with the instmctor during class were mainly formal. 
43. My interactions with the computer during class were mainly formal. 
44. Overall, my interactions were formal. 
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Please select from the following options in answering questions 45-58: 

Strongly 
Disagree 

1 

Disagree 

2 

Slightly 
Disagree 

3 

Neither Agree 
nor Disagree 

4 

Slightly 
Agree 

5 

.Agree 

6 

Strongly ! 
Agree 

7 

45. I had ample opportunity to interact with the instmctor. 
46. I did not have ample opportunity to interact with the computer. 
47. I had ample opportunity to interact with other students. 
48. Overall, I had ample opportunities to interact during the class. 

As a result of this class: 
49. I increased my understanding of the basic concepts of Visual Basic programming. 
50. I leamed factual material on Visual Basic Programming. 
51 .1 leamed to idenfify issues central to Visual Basic programming fundamentals. 

As a result of the classes on Visual Basic programming: 
52. I discussed Visual Basic programming with others outside class. 
53. I did addifional reading on Visual Basic. 
54. I did some thinking for myself about Visual Basic programming. 

Overall comments on the Visual Basic class: 
55. I found the class to be a good leaming experience. 
56. I leamed more because of the class format. 
57. The class was boring. 
58. Student comments were useful to me. 
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Section 4. Visual Basic Post-Test 

The last section of the survey asks questions covering concepts covered in the class on Visual Basic 
Forms & Controls. Please select the most appropriate response to questions 59 - 72. 

59. You assign to a form's properties to determine how it looks and behaves. 
1) Methods 
2) Objects 
3) Values 

60. Which acfion can a user perform on a form that has its BorderStyle property set to 4 (Fixed 
ToolWindow)? 
1) Move 
2) Resize 
3) Minimize 
4) Maximize 

61. If a form isn't loaded when the Hide method is invoked, what happens? 
1) The form remains unloaded. 
2) The form is displayed but not loaded. 
3) The form is loaded but not displayed. 

62. You create MDI child forms only by adding new forms. 
1) Tme 
2) False 

63. You use labels to display text that the user change directly. 
1) can 
2) can't 

64. When you set the MulfiLine property for a text box to , a text box can display more that one 
line of text. If the MulfiLine property is set to the Alignment property has no effect. 
1) Tme, Tme 
2) False, Tme 
3) False, False 
4) Tme, False 

65. When the value of MaxLength is exceeded in a text box designed to receive a user's password, which 
of the following occurs (Choose more than one item from the list below.) 

a . The system generates a beep. 
b . The text box accepts no further characters. 
c . The system generates a dialog box that displays an error message. 
d . Application execufion ends. 

1) a & b 
2) b & c 
3) a & d 
4) b & d 

66. Generally, form updates are processed by Windows. 
1) Manually 
2) Automatically 
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67. To display text on a command button, you set its property. 
1) Caption 
2) Name 
3) Value 

68. To allow a user to choose a command button by pressing Enter, you do which of the following? 
1) Set the Cancel property to Tme. 
2) Set the Default property to Tme. 

69. How does Visual Basic determine the default tab order for controls? 
1) By the alphabetical order of the control names 
2) By the order in which they were placed on the form 

70. What property do you use to change the default tab order? 
1) TabOrder 
2) TabFocus 
3) Tablndex 
4) Focus 

71. You set an access key for a control by typing an ampersand the relevant letter in the Caption 
property of the control. 
1) Before 
2) After 

72. If a control doesn't have a Caption property you can still set up an access key for it. 
1) Tme 
2) False 

Thank you for your time and effort in participating in this research. Please turn-in this survey form 
and your response sheet to your instructor to enter the drawing for gift certificates to be held 
February 22,1999. 
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Section 5 Treatment (Coded by researcher): 

73. Student grouping: 
0 = single 
1 = pairs 

74. Delivery medium: 
0 = Live VB 
1 = PowerPoint supported 
2 = CBT delivered 

75. Instructor: 
1. Instructor Names Omitted 
2. 
3. 
4. 
5. 
6. 
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APPENDIX C 

OPTICAL SCANNING SHEET USED 

FOR DATA COLLECTION 
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APPENDIX D 

INSTRUCTIONS ON CONDUCTING THE EXPERIMENT 

PROVIDED TO LABORATROY INSTUCTORS 

178 



Reminder / Pointers for Conducting 
Visual Basic Classes and Research Support 

Information Technology Support: Live Visual Rasir 

Student grouping: Individual Effort 

Instmctor: 

Dates: 

Time: 

1. Use the Visual Basic Professional 5.0 and the mouse or other pointing device to show the suidents the 
components of Visual Basic. 

2. The class should follow the script in the Powerpoint notes & slides pre\ iously provided, but do not use 
PowerPoint slides. 

3. Students should be encouraged to interact with VB 5 on the computer they are seated at, per the 
directions given by the instmctor. 

4. Students are to work individually both during the lecture and during any exercises. 
5. Students are to fill out survey forms individually. 
6. Please review the article by Bonwell before you teach this section! 

Week 1: 
1. Encourage students to participate in research. 
2. Provide time at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all secfions will be presented with the same material so that every section can do 

well on the Lab Exam. 
5. Cover the material on Visual Basic Environment using script provided. 
6. Sign consent form as the Witness 

Week 2: 
1. Allow students who want to particpate in class, but did not sign consent form to do so. 
2. Adminster the Visual Basic Class Survey. Students are to complete Section 1 (background) and 2 

(pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Conduct instmction on Visual Basic Forms and Controls using script provided. 
6. Conduct the live exercise. Use the Visual Basic Development Environment to show and talk students 

through the exercise. Provide code for the students (see Powerpoint presentation). 
7. Adminster Sections 3 and 4 of the survey. 
8. Collect the second scantron. 
9. Collect student entries into the drawing. 
10. Keep all scantrons for each section separate and return them to Harold Webb. 
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Reminder / Pointers for Conducting 
Visual Basic Classes and Research Support 

Informafion Technology Support: Live Visual Basic 

Student grouping: Cooperative Effort Tsmdent pairs^ 

Instmctor: 

Dates: __^ 

Time: 

1. Use the Visual Basic Professional 5.0 and the mouse or other poinfing de\ ice to show the suidents the 
components of Visual Basic. 

2. The class should follow the script in the Powerpoint notes & slides previous!) provided, but do not use 
Powerpoint slides. 

3. Students should be encouraged to interact with VB 5 on the computer they are seated at, per the 
directions given by the instmctor. 

4. Students are to work in pairs both during the lecture and during any exercises. 
5. Students are to fill out survey forms individually. 
6. Please review the articles by Bonwell and Smith before you teach this section! 

Week 1: 
1. Encourage students to participate in research. 
2. Provide time at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all secfions will be presented with the same material so that e\ ery section can do 

well on the Lab Exam. 
5. Cover the material on Visual Basic Environment using script provided. 
6. Sign consent form as the Witness 
7. Assign students seats in the lab (arrange alphabetially by last name) 

Week 2: 
1. Allow students who want to particpate in class, but did not sign consent form to do so. 
2. Adminster the Visual Basic Class Survey. Students are to complete Section 1 (background) and 2 

(pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Conduct instmction on Visual Basic Forms and Controls using the script provided. 
6. Conduct the live exercise. Use the Visual Basic Development Environment to show and talk students 

through the exercise. Provide code for the students (see Powerpoint presentation). 
7. Adminster Sections 3 and 4 of the survey. 
8. Collect the second scantron. 
9. Collect student entries into the draw ing. 
10. Keep all scantrons for each section separate and retum them to Harold W ebb. 
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Reminder / Pointers for Conducting 
Visual Basic Classes and Research Support 

Information Technology Support: Powerpoint 

Student grouping: Individual Effort 
Instmctor: 

Dates: 

Time: 

1. Use Powerpoint and Visual Basic Professional 5.0 with the mouse or other pointing de\ ice to show the 
students the components of Visual Basic. 

2. The class should follow the script in the Powerpoint notes & slides previously provided.. 
3. Students should be encouraged to interact with VB 5 on the computer they are seated at, per the 

directions given by the instmctor. 
4. Students are to work individually both during the lecture and during any exercises. 
5. Students are to fill out survey forms individually. 
6. Please review the article by Bonwell before you teach this section! 

Week 1: 
1. Encourage students to participate in research. 
2. Provide time at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all sections will be presented with the same material so that every section can do 

well on the Lab Exam. 
5. Cover the material on Visual Basic Environment using Powerpoint slides & the script provided. 
6. Sign consent form as the Witness 

Week 2: 
1. Allow students who want to particpate in class, but did not sign consent form to do so. 
2. Adminster the Visual Basic Class Survey. Students are to complete Section 1 (background) and 2 

(pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Conduct instmction on Visual Basic Forms and Controls using Powerpoint slides and the script 

provided. 
6. Conduct the live exercise. Allow the students to access the powerpoint slides from the network (map 

drive to \\bant2\clc , look up 1SQS4348 in the classes folder) to enable them to access instmctions. 
7. Adminster Sections 3 and 4 of the survey. 
8. Collect the second scantron. 
9. Collect student entries into the drawing. 
10. Keep all scantrons for each section separate and retum them to Harold Webb. 
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Reminder / Pointers for Conducting 
Visual Basic Classes and Research Support 

Informafion Technology Support: Powerpoint 

Student grouping: Cooperative EffortrsmHent pairc) 

Instmctor: _ ^ 

Dates: 

Time: 

1. Use Powerpoint and Visual Basic Professional 5.0 with the mouse or other pointing device to show the 
students the components of Visual Basic. 

2. The class should follow the script in the Powerpoint notes & slides previously provided. 
3. Students should be encouraged to interact with VB 5 on the computer they are seated at, per the 

directions given by the instmctor. 
4. Students are to work in pairs both during the lecture and during any exercises. 
5. Students are to fill out survey forms individually. 
6. Please review the articles by Bonwell and Smith before you teach this secfion! 

Week 1: 
1. Encourage students to participate in research. 
2. Provide fime at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all sections will be presented with the same material so that every section can do 

well on the Lab Exam. 
5. Cover the material on Visual Basic Environment using Powerpoint slides & script provided. 
6. Sign consent form as the Witness 
7. Assign students seats in the lab (arrange alphabefially by last name) 

Week 2: 
1. Allow students who want to particpate in class, but did not sign consent form, to do so. 
2. Adminster the Visual Basic Class Survey. Students are to complete Section 1 (background) and 2 

(pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Conduct instmction on Visual Basic Forms and Controls using Powerpoint slides & the script 

provided. 
6. Conduct the live exercise. Use the Visual Basic Development Environment to show and talk students 

through the exercise. Provide code for the students (see Powerpoint presentation). 
7. Adminster Sections 3 and 4 of the survey. 
8. Collect the second scantron. 
9. Collect student entries into the drawing. 
10. Keep all scantrons for each section separate and retum them to Harold Webb. 
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Reminder / Pointers for Conducfing 
Visual Basic Classes and Research Support 

Informafion Technology Support: CBT Svstems Visual Rp̂ sir Fnndamentals - R..ir rnnrppt. 
Student groupmg: Individual Effort 

Instructor: _ ^ _ ^ 

Dates: ^ _ 

Time: 

1. Use the CBT Systems "Visual Basic Fundamentals - Basic Concepts" to enable students to leam the 
components of Visual Basic. 

2. The class should use Intemet Explorer and then access the COBA CBT site at cbt.ba.ttu.edu. 
3. Students should be encouraged to interact with VB 5 on the computer they are seated at. 
4. Students are to work individually both during the CBT instmction and during any exercises. 
5. Students are to fill out survey forms individually. 
6. Please review the articles by Bonwell and Smith before you teach this section! 
7. Note that the undergrad TA will not participate in the instmction for these 2 weeks. 

Week 1: 
1. Encourage students to participate in research. 
2. Provide time at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all sections will be presented with the same material so that e\ ery section can do 

well on the Lab Exam. 
5. Make sure students get properly registered on the CBT system. 
6. Students will cover the material on Visual Basic Environment using the CBT package. Do not allow 

students work follow-on secfions on week 1 (Forms & Controls or Creating a Log-on Screen)! 
7. As the instmctor, you should answer any student quesfions, and troubleshoot system problems. 
8. You also need to enforce student's work on the task - as well as in working individually. 
9. Sign consent form as the Witness 

Week 2: 
1. Allow students to read & sign the consent form if they did not do so earlier. 
2. Administer the Visual Basic Class Survey. Students are to complete Section 1 (background) and 2 

(pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Students w ill cover the material (Individually) on Visual Basic Forms & Controls and Creating a L og-on 

Screen using the CBT package. During the "Creating a Log-on Screen" section, students should use the 
option to build a live program. They should download exercise files as directed into the directory 
c:\temp\vb. Viewing the demonstrafion is optional, if time allows. 

6. Administer Sections 3 and 4 of the survey. This should begin not later than 23 minutes before class ends. 
even if students are not finished with the exercise! 

7. Collect the second scantron. 
8. Provide ticket to student, have them fill out name (phone & address not needed), then collect student 

ticket stub for draw ing. Retum filled out ticket to Harold Webb. 
8. Keep all scantrons for each section separate and retum them to Harold Webb. 
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Reminder / Pointers for Conducfing 
Visual Basic Classes and Research Support 

Informafion Technology Support: 
Student grouping: 

Instmctor: 

CBT Svstems Visual Basic Fundamentals - Rasic Concepts 
Cooperafive Effort Csmdent pairs^ 

Dates: 

Time: 

1 Use the CBT Systems "Visual Basic Fundamentals - Basic Concepts" to enable students to leam the 
components of Visual Basic. 

The class should use Intemet Explorer and then access the COBA CBT site at cbt.ba.ttu.edu. 
Students should be encouraged to interact with VB 5 on the computer they are seated at. 
Students are to work in pairs both during the CBT instmction and during any exercises. 

5. Students are to fill out survey forms individually. 
6. Please review the articles by Bonwell and Smith before you teach this section! 
7. Note that the undergrad TA will not participate in the instmction for these 2 weeks. 

Week 1: 
1. Encourage students to participate in research. 
2. Provide time at the beginning of class to fill out consent forms. 
3. Collect consent forms. 
4. Assure students that all sections will be presented with the same material so that every section can do 

well on the Lab Exam. 
5. Make sure students get properly registered on the CBT system. 
6. Students will cover the material on Visual Basic Environment using the CBT package. Do not allow 

students work follow-on sections on week 1 (Forms & Controls or Creating a Log-on Screen)! 
7. As the instmctor, you should answer any student questions, and troubleshoot system problems. 
8. You also need to enforce student's work on the task - as well as in working in assigned pairs. 
9. Sign consent form as the Witness 
10. Assign students seats in the lab (arrange alphabetically by last name) 

Week 2: 
1. Allow students to read & sign the consent form if they did not do so earlier. 
2. Administer the Visual Basic Class Survey (this is not done in pairs). Students are to complete Section I 

(background) and 2 (pretest) before proceeding with instmction. 
3. Provide pencils for students without pencils (please collect these at the end of class) 
4. Collect scantrons for the first part. 
5. Students will cover the material (in assigned pairs) on Visual Basic Forms & Controls and Creating a 

Log-on Screen using the CBT package. During the "Creating a Log-on Screen" section, students 
should use the option to build a live program. They should download exercise files as directed into the 
directory c:\temp\vb. Viewing the demonstration is optional, if time allows. 

6. Administer Sections 3 and 4 of the survey. This should begin not later than 23 minutes before class ends. 
even if students are not finished with the exercise! 

7. Collect the second scantron (this is not done in pairs). 
8. Provide ficket to student, have them fill out name (phone & address not needed), then collect student 

ticket stub for drawing. Retum filled out ticket to Harold Webb. 
9. Keep all scantrons for each section separate and retum them to Harold Webb. 
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APPENDIX E 

INSTRUCTIONAL MATERIAL FOR THE 

CLASS ON VISUAL BASIC FORMS 

AND CONTROLS 
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Visual Basic Concepts 
Forms & Controls 

ISQS 2440 

Please note that questions asked during the presentation of the material are 
there to encourage you to stop and think - not to test your knowledge of the 
course content. 

In line with modem instructional methods, the purpose of these questions is to 
allow you to take an active part in the course lecture, to nudge you toward 
conclusions and to help make connections. 

For this reason, you should not feel intimidated by these questions or feel that 
you should be able to answer them all. 

If you prefer, you can choose not to answer any questions. 

186 



Topics covered 

• Visual Basic forms 

• Visual Basic controls 

• In-class exercise - Creating a logon screen 

Forms & Controls 

Learning Objectives are to be able to: 

- Use properties, methods, and events to 
customize the interface for your application 

- Explain how to use properties, methods, and 
events to change the characteristics of basic 
controls 

- Describe how to make your Visual Basic 
application accessible by the keyboard. 
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Forms 
Multiple forms 

Windov^ or dialog 
box 

Part of user 
interface 

May use one or 
many forms 

Open new or 
existing project 
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A Form is a window or dialog box that makes up part of an application's 
user interface. 
For a simple program, you may need only one form, but for a more 
complex application you'll more likely need several. 
When you load Visual Basic, you choose the type of project you want to 
open from the New Project dialog box. 
This enables you to open a new or an existing project. 
You can also open a new project by selecting File-New Project. 
You can add forms by selecting the type of form you want to add from the 
Project menu. 
Or you can select the Form button on the toolbar and select one from the 
drop down menu. 
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Form Properties 

Assigning values 
determines looks 
and behavior 

The mouse adjusts 
size 

Using properties to 
adjust size 

Visual Basic objects 
measured in "twips" 

1440 twips per inch 

Assign values 

9. i0 t . . &o»a Fan..* £«,« i^ 

Adjust size 
with mouse 
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Adjust size with properties 

You assign values to forms properties to determine how it looks and 
behaves. 
You can change a form's size by using the mouse. 
Question: Do you think you can use the Properties window to set the size 
of a form? Answer: yes 
You can change a form's size by using the mouse. 
Alternatively, you can set the form's Height and Width properties in the 
Properties window, or write code to change its dimensions. 
Visual Basic objects are measured in "twips". 
There are approximately 1440 twips to an inch, and 567 to a centimeter. 
You can change the position of form by setting the Left and Top properties 
in the Properties window 
You can also write code to change these specifications 
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Question 

When do you think 
changing the Left and 
Top Properties 
changes the position 
of the form? 

• At design time 

• At run-time 

• At both design time 
and run-time 

Answer: At run-time 
You can change the position of a form by setting the Left and Top 
properties in the Properties window. 
In design time, the form's position is fixed. 
Changing the top and Left properties will only change the position of the 
form at run-time. 
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Border Styles 
VB Professional BorderStyles 

•Two styles in Visual 
Basic for Applications 

•Six styles in Visual Basic 
Standard, Professional, & 
Enterprise 

•Alter appearance 

•Determines user ability 
to resize & move form at 
run-time (not available in 
VB for Applications) 

m.jrmm'mm:vfmif-i.--m 

You can use the Properties window to change the BorderStyle property. 
There are two border styles in Visual Basic for Applications numbered 
from 0 to 1 which either allow the use of a border line or not. 
Users cannot move or resize forms developed in Visual Basic for 
Applications. 
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Border Styles - None 

Invisible border 

Objects remain 
visible 
User cannot 
move or resize 
form 
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• There are six border styles is Visual Basic standard. Professional, and 
Enterprise numbered from 0 to 5 

• The None (0) style: 
• makes your border invisible, but any objects on your form remain 

visible 
• A user cannot move or resize this form. 
• Available in all versions except Visual Basic for Applications. 
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Border Styles - Fixed 

• Displays: 
- control icon 
- title bar 
- close button 

• Can add minimize 
& maximize buttons 

• Users cannot resize 
form with a pointer 
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The fixed Single (1): 
• displays a control icon, a title bar and a close button 
• You can also add Minimize and Maximize buttons to forms with this 

border style 
• However user cannot resize these forms with their pointer 
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Border Styles - Sizable 

Display 
- control icon 

- title bar 

- minimize 

- maximize 
- close 

Users can move 
& resize form 

The Sizable (2) is the default style: 
• Displays a Control icon, a title bar. Maximize and Minimize 

buttons, and a Close button. 
• A user can move, resize, minimize, or maximize this type of form. 
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Border Styles - Fixed Dialog 

• Displays control 
icon & close 
button 

• Users can move 
form but not 
resize, maximize, 
or minimize form 
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Border Styles - Fixed Tool Window 

• Displays title bar 
and close button 
(no icon) 

• Users can move 
form but not 
resize, maximize, 
or minimize form 

• Will not appear in 
the Windows 95 
taskbar 
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Border Styles - Sizable Tool Window 

Displays title bar 
and close button 
(no icon) 

Users can move 
and resize form 

Will not appear in 
the Windows 95 
taskbar 
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Forms and Methods 

The Move method 
changes a form's 
location & size 

Code that moves 
Form I to the top 
left of the screen: 

Form 1.Move. 0,0 
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Question 

What do your think the Hide method does? 

- Makes the form invisible at run-time 

- Hides the text in a text box 

- hides the controls on a form 

• The Hide method makes the form invisible at run-time. 
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Forms & Methods 

Hide methods 

Invisible at 
run-time 

Does not 
unload form 

Code to hide 
Forml: 

Form 1.Hide 
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Forms & Methods 

• Hiding forms or objects sets the Visible 
property to false 

• Question: 

When a form is hidden, the user can't interact 
with it. 

True or False? 

• Forml. show 

• The answer is true 
• When a form is hidden, it is removed from the screen and its Visible 

property is set to False. 

• When a form is hidden, the user can't interact with it until all code in the 
event procedure that caused the form to be hidden has finished executing, 
and the form is shown again. 

• If the form isn't loaded when the Hide method is in\oked, the Hide 
method loads the form but doesn't display it. 

• You use the Show method to make a form visible at run-time. 
• If the form isn't loaded when the Show method is invoked, Visual Basic 

automatically loads it. 
• The start-up form of an application is automatically shown after its load 

event is invoked 

199 



Methods - Form Color 

• Change color on mouse 
click 

Forml.BackColor = = vbRed ^ 

Forms can respond to events initiated by a user or triggered by the system, 
for example, to enable the user to change the color of Forml by clicking it, 
you could write the following code in the form's Click event procedure: 

Forml .BackColor = vbRed 
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Question 

See if you can choose the correct option to fill 
the blank. 

A form can incorporate other forms. 

Can or Can't 

The correct option is can. 
A special kind of form, the multiple document interface (MDI) form, can 
incorporate other forms called MDI child forms. 
This option is not available in Visual Basic for Applications 
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MDI Forms and MDI Child 
(all versions of Visual Basic except VBA) 

Create MDI 
through project 
menu or add 
form toolbar 

Create MDI 
child by 
changing 
property 
settings to true 
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• You create an MDI form by selecting Add MDI Form from the Project 

menu. 
• You can also choose the Add form toolbar button and select the MDI Form 

option from the drop-down menu 
• To create an MDI child form, you add a new form and then set the MDI 

Child property to True. 
• Alternatively, you can create MDI child forms by setting the MDIChild 

property to True for existing forms. 
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Basic Controls 

Controls enable 
user 's to manipulate 
a program 

Add a control by y>^ 

selecting tool from g, • 
toolbox 
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You provide control is a Visual Basic application to enable the user to 
manipulate the program, input data, and access the program's output. 
You add a control to your application by selecting the appropriate tool 
from the toolbox 
Question: Do you think your can add a control by double-clicking its icon 
in the toolbox? Answer is Yes. 
You can draw control on a form, or add a control by double clicking its 
icon in the toolbox (all except VBA). 
If you double click, the control is positioned in the center of the form. 
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Common Controls 

Text Box 

Label 

Command 
Buttons 
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• Some of the most useful an commonly used controls are: 
• text box 
• label 
• command button 

• You use labels to display text that the use cannot access or change. 
• You would assign a caption user a graphic, for example, to a label 
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Common Properties for Labels 
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You could also use a label to display instructions for completing a dialog 
box. 
Commonly use properties for the label control include: 

Name 
alignment 
Autosize 
Caption 
font 
Wordwrap 
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Changing Properties with Code 

• Display a selected 
filename in a file 
listbox called 
filSource in a label 
called IblFileName 

• Set the caption 
property of a label 
using the code: 

IblFileName.Caption = 
filSource.FileName 
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• Suppose you want to display a filename selected by user in a filelist box 
called filSource (Using versions other than VBA). 

• You could set the Caption property of label called IblFileName, as follows: 
• IblFileName.Caption = filSource.FileName 
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Question 
See if you can choose the 

correct option to fill 
the blank. 

If the Autosize and 
Wordwrap properties ^^ 
are set to , the 
Label box will 
automatically resize 
itself to suit its 
contents. 

True or False? 
Label properties 

• The answer is true 
• If the Autosize and Wordwrap properties are set to True, the label will 

automatically resize itself to suit its contents. 
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Question 

See if you can choose 
the correct option to 
fill in the blank: 

The Aligimient 
property of a label 
allows you to choose 
whether the is 
aligned left, right or 
center. 

textbox, caption or 
label? 

c Meinn [Fn^lFoiM 

a 0» El« »«< BO*" FgnM CUxjg Bl« IPOk UkUn Itfidox H* 

fij - a • ^ G ; B r >> P •» I •-' t II • %l tf" y W * t <K1. KB 

Mi 
^14Jji 

i S 3975x1096 

The alignment property allows you to choose whether the caption is 
aligned left, or right or is centered. 
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Textboxes 

Get information from nrmwffn'f̂ ir ^ ^ 
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the user 
Display information 
from the application 

Can be changed by 
user (unlike a label) 

Data controls can be 
used to display 
database information 
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You use a text box to get information from the user or to display 
information from the application. 
Unlike the text displayed in a label, the text displayed in a text box can be 
changed by the user 
Question: do you think you can use text boxes to display database 
information automatically? Answer: Yes. 
You can use text boxes with the Data control to automatically display 
information from a database. 
You can also use text boxes to set up database queries or to edit records in 
a database 
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Textboxes 
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wrap text within 
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(0) or vertical (2) 

Alignment to align 
text in textbox 

When you set the MultiLine property to True, a text box can display more 
that one line of text. 
You can then use the TextAlign (VBA) or Alignment property to set the 
alignment of text within the textbox. 
If the MuUiline property is False, setting the Alignment property has no 
effect. 
You use the MaxLength property to determine the maximum number of 
characters allowed in the text box 
When MaxLength is exceeded, the system generates a beep, and the text 
box accepts no further characters. 
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Question 

See if you can choose the correct option to fill 
in the blank 

To set the word-wrapping facility in a text 
box, you use the . 

Code or the Properties window 

Use the properties window. 
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Text Box as Password Box 

Q9> ei« 10M b«IKt FgrMt Qitug B»n iPob ftU-mt ItfrdOM tM> 

• - | * B f n •n . , „ . tjaa^Sif t: 312°. »o ia«i!.i» 
..J2J«| 

^ ia 
A I » I 

" _J 

H a 

0 a 
_i SI 

T)v* ! « • n«M «id pMOMQrt to bgon 

- - T ' ^ 

•Wi a a Q 
i: : EI X i T 

ItcMtl Taiteoi 

*lphabe»fc| 

MeSelecBor True 

M*.nimag SO 
JrttTopK 

d F«tte 

Ikon (None) 
' t o o o P c n * 0-Def«it 

rw True 
OUDro^lode 0-MmMl 
JlEDro(»fc»de 0-Norw 

^ RetvTv/MU « vriue that 

Use PasswordChar and 
MaxLength properties of 
textbox 

•MaxLength sets 
number of characters 
allowed in textbox 

•PasswordChar 
specifies character 
appearing in textbox 

You can use a text box as a password box, by using the PasswordChar and 
MaxLength properties. 
PasswordChar specifies the character appearing in the textbox. 
Question: If you specify the asterisk as you PasswordChar, do you think 
all the text that you type will appear as asterisks? 
Answer. Yes. 
For example, if you specify the asterisk character (*), then all the text typed 
by the user will appear as asterisks. 
You use the MaxLength property to determine the maximum number of 
characters allowed in the text box. 
When MaxLength is exceeded, the system generates a beep, and the text 
box accepts no further characters. 
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Updates to forms 

Some methods not 
available in VBA -
only in standard, 
professional & 
enterprise versions 

Use the Refresh 
method to repaint form 

Use the LostFocus 
event to specify ^ 
actions when a form 
loses focus 

•Attach to LostFocus event 

Generally, form updates are processed automatically by Windows while no 
events are occurring. 
However, there may be situations where you want the form to update 
immediately. 
The Refresh method forces a complete repaint of the form. This method is 
not available in VBA. 
Note: the syntax for the Refresh method is object.Refresh 
You can use a LostFocus event procedure to specify the action that occur 
when a form loses focus in all versions of Visual Basic except VBA 
Question: do you think you can change the case of text in a text box by 
writing code in an event procedure? Answer: Yes. 
For example, you may want to change the case of text in Textl when the 
text box loses focus. 
You do thin by attaching the following code to the LostFocus event 
procedure. 
Textl.Text = Ucase(Test.Text) 
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Command Buttons 

Command 
buttons allow 
users to begin, 
interrupt, or end 
a process 
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Question 

See if you can choose the correct option to fill 
in the blank. 

The most common event for a command 
button is the Click event. 

MouseUp, GotFocus, or Click 

The correct option is the click event 
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A user can always 
choose an enabled 
command button by 
clicking 

Set Cancel property to 
true to allow user choice 
by pressing Esc 

Set default property to 
true to allow user choice 
by pressing Enter 

It is good practice to 
group command buttons 
together on a form either 
vertically or horizontally 

The most common event for command button is the Click event. 
A user can always choose an enabled command by clicking it 
To allow the user to choose it by pressing Enter, you set the Default 
property to true. 
And to allow the user to choose the button by pressing Esc, you set the 
Cancel property of the command button to true. 
Most forms include the OK and Cancel buttons. 
It is good design practice to group command buttons together, either 
horizontally along the bottom, or vertically along the right side of a form. 
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Keyboard Accessibility 
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preferences 

Ensures program 
flexibility 

Tab order from control 
to control set with 
Tablndex property 

To allow for various users' preferences - and to ensure maximum program 
flexibility - you should make all the functions of your program accessible 
by the keyboard. 
Let's say you are creating a form with several fields and buttons a user 
might need to fill in or select 
It would be more efficient for the user to be able to tab from control to 
control than to have to click each with a mouse. 
Visual Basic allows users to tab from one control to another - it sets the 
defauh tab order to follow the order in which the controls were originally 

placed on the form. 
Question: do you think you can change this default order: 

Answer: Yes 
You can change this default order by using the Tablndex property. 
The Tablndex property can beset at design time in the Properties window. 
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Question 

Do you think the following statement is true 
or false? 

If you alter the tab index of one control, Visual 
Basic automatically renumbers all the others to 
take account of the change. 

true 

Question: Do you think the following statement is true or false? 
If you alter the tab index of one control. Visual Basic automatically 
renumbers all the others to take account of the change. 

Answer is true. 
The Tablndex property can be set at design time in the Properties window. 
If you alter the tab index of one control. Visual Basic automatically 
renumbers all the others to take account of the change. 
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Enable users to access 
to Visual Basic controls 
via the keyboard 

Typing an ampersand & 
before the relevant 
letter in the caption 
property sets the access 
key 

Access keys, combined with the Alt key, enable users to perform various 
functions quickly. 
For example, you could configure Alt + C to allow users to Cancel an 
actions or Alt + P to allow them to print selected information. 
In Visual Basic for Applications, you set an access key for a control typing 
the relevant letter in the Accelerator property. 
In other versions of Visual Basic, you set an access key for a control by 
typing an ampersand (&) before the relevant letter in the Caption property 
of the control. 
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Question 

If you set the Caption property of a command 
button to E&xit, how do you think the 
caption will appear at run-time? 
- It will have an ampersand in front of the "x" 

- It will have the "x" underscored 

- It will have the "E" underscored 

Question: If you set the Caption property of a command button to E&xit, 
how do you think the caption will appear at run-time? 

• It will have an ampersand in front of the "\" 
• It will have the "x" underscored 
• It will have the "E" underscored 
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Answer: 
the "x" will be underscored 
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• Answer: the "x" will be underscored 
• So if you want X to be the access key for the Exit command button, you 

select the Caption property and type E&xit. 
• Ant the caption will appear with the "x" underscored. 
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Tab Order for Controls Without Captions 

Come controls have no 
caption (text boxes, 
picture boxes, and 
scroll bars) 

To create access, place 
a label directly in 
of the control 

Set the caption 
property of the label to 
the relevant access key 

Reset the Tablndex 
value to one less than 
the picture box control 

* 6 * ) ^ toted Farm* QeOi4 ^ loob ^lo-lr. 
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There are some controls, such as text boxes, picture boxes, and scroll 
boars, that don't have a Caption property. 
To create an access key for this type of control (in this case a picture box), 
you first place a label close to it. 
You then set the Caption property of the label to contain the required 
access key. 
Question: See if you can choose the correct option to fill the blank: 

• Next, place the Label control directly the text fox in the tab 
order. 

Before or after? 
Answer: Before 
Next, place the Label control directly before the text box in the tab order. 
Now when you press Alt plus the access key for the Label control, focus 
will move to the text box. 
This happens because a label cannot have focus - so the focus 
automatically moves to the next control in the tab order. 
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Summary of Forms & Controls 

• An application may need one or many forms 

• You can use properties, methods, and events to 
customize the way forms look and behave. 

• You can use multiple document interface forms in 
all but versions except VBA 

• Common controls include labels, text boxes, 
command buttons 

• You use properties, methods, an events to change 
the characteristics of controls 

Summary of Forms & Controls 
(cont.) 

• The control that has focus can accept keyboard 
input from the user 

• Tab order is the order in which focus moves 
among controls on a forms as user presses Tab or 
Shift+Tab 

• A user can also move focus to a control by 
pressing Alt and the appropriate access key 
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Exercise - Log-on screen: Forms & Objects 

Create a log-on screen as shown to '«''»"-™«<'»~«"i»k.9». 
the right 

Configure vou applicpitinn hy 
setting properties for the form and 
its objects. 

iflral 

J 
Labels: set Caption properties as shown and the Name properties 
(Ibllnstruction, IblUserName, and IblPassword) 
Text Boxes: set Caption properties as shown, set Name properties 
(txtUserName, txtPassword), change the Text property to blank. In 
txtPassword set PasswordChar property to *. 

Command Buttons: set Caption properties as shown, Name properties to 
cmdOK and cmdCancel, Set Default property to True on both. 

Form: Set Caption to "Enter Program Password". Set Name property to 
frmLogon 

Exercise - Log-on Screen: Code 

Type n u '̂ ome nji 

:ioio»l PoimPoinl 

Write code using the following guidance: 

When the OK button is clicked, display the 
message box on the right using: wdc<».F,«).yo.p«»od.M „̂ 
MsgBox "Welcome " & txtUserName _ 

& ". Your password is " & txtPassword & "." 

Wri te the code so that when the Cancel button is clicked the the message 
displayed is: "You've pressed the Cancel button." 

To ensure that the OK button is enabled only when the user has filled-in 
both usemame and password, set the Enabled property to False 

Add code to txtUserName and txtPassword change events to disable the OK 
button unless for the UserName and Password contain text: 

If txtUserName <> "" And txtPassword _ 

<> "" Then cmdOK.Enabled = True 

Run the application by clicking on the form you just created and selecting 
Run in the menu bar and Run/SubUserform or F5 
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APPENDIX F 

DESCRIPTION OF INFORMATION TECHNOLOGIES 

(ADAPTED FROM LEIDNER & JARVENPAA, 1995) 
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Table F.l Appendix F Description of Information Technologies (Adapted from Leidner 
& Jarvenpaa, 1995) 

Information Technology Description 

1. Instructor Console A computer equipped classroom for multimedia 

presentations. 

2. Instructor Console with Stand- A classroom equipped w ith computers for both 

Alone Computers 

3. Computer-Based Training 

4. Key Response Pads 

5. Electronic Mail 

6. Leaming Networks 

7. Hypermedia 

students and instructor. 

An interactive software providing information to 

students either in a linear or non-linear mode. 

Delivers student responses to instructor. 

Provides communication outside the classroom. 

Networked computers linked to shared 

educational databases. 

A non-linear means of browsing/sorting of 

computerized information. 

8. Simulations and Virtual Reality Technology to provide a condensed or \ icarious 

experience for the student. 

9. Synchronous Communication Networked computers allou mg simultaneous 

Class Rooms peer-to-peer communications. 
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APPENDIX G 

A COMPARISON OF LEARNING MODELS 

AND MODELS OF TEACHING 
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Table G. 1 A Comparison of Leaming Models and Models of Teaching 

Leaming Models 
(Leidner & 

Jarvenpaa, 1995) 
Objectivist 

Constmctivist -
Cooperative 
Model of Leaming 

Constmctivist -
Cognitive 
Information 
Processing 

Constmctivist 

None 

Constmctive-
Sociocultural 

^^""i^y of T e a d i h ^ M ^ 5 d r ~ f ^ ^ d ^ (Jov ce & Weil 
(Joyce & Weil, 1996) ^ 1996) ' 

Behavioral family 

Social Family 

Information-Processing 
Model 

Development, Adaptation, 
and, Instmctional Design 
Models 

Personal Models 

None 

Master}- Leaming 
Direct Instmction 
Simulation 
Social Leaming 
Programmed Schedule 

Positi\ e Interdependence 
Stmctured Inquir\ 

Group In\ estigation 

Role Playing 

Jurispmdential Inquiry 

Inducti\c Thinking 
Concept Attainment 

.Mnemonics 

Ad\ anced Organizers 

Scientific Inquir) 
Inquiry Training 

Synectics 

Conceptual Systems Theorx 

Cognitive De\ elopment 
Conditions of Learning 

Non-directi\ e Teaching 

Enhancing self-cstccm 
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