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ABSTRACT: The twofold purpose of this paper is to offer recommendations to
accounting educators regarding educational technology (ET) delivery modes, and
to stimulate accounting education research efforts in the area of ET. Drawing from
behavioral and cognitive theory, as well as educational research on the impact of
technology on learning, this paper reports and discusses the current state of re-
search in ET. Next, ET research and accounting technology research are reviewed
and classified into five types: (1) evaluation research, (2) media-comparison stud-
ies, (3) intra-medium studies, (4) aptitude-treatment interaction studies, and (5)
alternative research designs. We provide practical guidelines to accounting educa-
tors and theory-based suggestions to accounting education researchers with re-
gard to ET and its potential impact on student learning. Finally, we offer some
directions for future accounting ET research.

INTRODUCTION
he accounting literature offers
relatively little research on the

pedagogical benefits of using

ers regarding the use of ET in the
classroom.

The twofold purpose of this paper is
to offer recommendations to accounting
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technology to deliver instruction. On the
other hand, educational technology
(ET) research in the academic domains
of education and psychology is quite ex-
tensive. What does the research from
education and psychology reveal? How
can accounting educators and research-
ers leverage on the work performed in
other academic domains? This paper pro-
poses to answer these questions and, in
doing so, offers much needed guidance
to accounting educators and research-
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educators regarding effective ET deliv-
ery modes and to stimulate accounting
education research efforts in the area
of ET. This paper enhances extant ac-
counting education literature in two
important ways. First, we extend
Rebele et al. (1998) by expanding the
ET framework Rebele et al. (1998) sup-
plies to a more comprehensive review
and analysis of ET research. Second,
we provide practical guidelines to ac-
counting educators and theory-based
suggestions to education researchers
with regard to ET and its potential im-
pact on student learning.

The remainder of the paper is orga-
nized as follows. In the upcoming sec-
tion we clarify and classify ET termi-
nology. Next, we define five types of ET
research studies. Then we elaborate a
progression from behavioral to cogni-
tive psychology inherent in the five
types of ET research. Next, we discuss
the interplay between media and
learner attributes. Then we offer a lit-
erature review of current ET studies.
Finally, we present implications for ac-
counting educators and researchers.

CLARIFYING AND
CLASSIFYING
EDUCATIONAL
TECHNOLOGY

Novices and incidental readers in
the area of ET are often confused by
the terminology used by educators and
researchers. What is included under the
umbrella of “educational technology”?
Does ET refer to the use of spreadsheets
in an assignment, or perhaps the use
of PowerPoint to deliver a lecture? This
section clarifies ET terminology and
classifies various types of ET.

Understanding the different types of
ET gives educators and researchers a
clear picture of the domain of ET and its
constituent parts. Rebele et al. (1998)
classify ET into two broad categories: (1)
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computer-based learning (CBL), and (2)
other technologies.! CBL can be subdi-
vided further into computer-assisted in-
struction (CAI), computer-assisted teach-
ing (CAT), computers for research (CFR),
and computers for computing and pro-
cessing (CCP). The category “other tech-
nologies” consists of audio, still pictures,
television and film, distance learning,
and hypermedia. Table 1 provides ex-
amples of each of these ET types.

Just as it may be difficult to sepa-
rate all the different types of ET, it can
be daunting to distinguish among dif-
ferent approaches to ET research. Ac-
cordingly, the next section offers assis-
tance in this regard by classifying ET
research into five categories. Such a
classification may help educators and
researchers to see the “big picture” of
ET research.

TYPES OF EDUCATIONAL
TECHNOLOGY
RESEARCH

In a comprehensive review of ET,
Thompson et al. (1992) categorize ET
research along five dimensions: (1)
evaluation research; (2) media-
comparison studies; (3) intra-medium
studies; (4) aptitude-treatment
interaction studies; and (5) alternative
research designs. Their classification of
ET research is useful, as it offers some
clarity to an otherwise confusing stream
of educational research,

1 There has been some controversy involving
terminology related to technology use in edu-
cation. For example, the terms CAI (computer-
assisted instruction), CBI (computer-based in-
struction), CBL (computer-based learning),
CBE (computer-based education), and CAL
(computer-assisted learning) all have been
used to describe educational applications of
computer technology (Thompson et al. 1992).
Because CBL appears to be gaining in popu-
larity and is considered more general
(Thompson et al. 1992), CBL is used in this
paper as the broad category encompassing sev-
eral subcategories of computing technology.
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Evaluation Research

Evaluation research is concerned
primarily with testing the extent to
which a new medium has an effect on
student learning. The research ques-
tion of interest in this type of study is:
“Can people learn from messages pre-
sented by this medium?” (Thompson et
al. 1992, 13).

To determine the impact of a new
medium on learning, evaluation studies
typically focus on the “technical perspec-
tive” of the new medium. Thompson et
al. (1992) discuss this perspective and the
theories that underlie evaluation re-
search, including the Shannon-Weaver
Communication Model (Shannon and
Weaver 1949). A technical perspective
highlights the medium itself and identi-
fies the unique characteristics or at-
tributes of the particular medium under
investigation. Communication theories
such as the Shannon-Weaver Commu-
nication Model are the primary source of
theory for this line of research. The Sh-
annon-Weaver Communication Model
holds that a message is encoded and
transmitted via a communication chan-
nel (e.g., some technology-based me-
dium) to a receiver, who decodes the mes-
sage. Evaluation research attempts to
identify those attributes of a medium (i.e.,
communication channel) that best sup-
port learning (Thompson et al. 1992).

Thompson et al. (1992) note that
with the introduction of a new medium,
an evaluation study is typically the first
type of inquiry performed. For example,
with the advent of radio, television, and
computers, early media studies at-
tempted to identify whether learning
was enhanced, diminished, or unaf-
fected as a result of using these new
technologies in classroom settings.
Studies such as those by Woelfel and
Tyler (1945) and Chu and Schramm
(1967) regarding the effectiveness of ra-
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dio and one-way television in the class-
room generally concluded that under
favorable conditions these media could
be efficient and effective in delivering
instruction (Thompson et al. 1992).
With the arrival of computer technol-
ogy, early computer-media studies at-
tempted to determine whether learning
could be enhanced through the appli-
cation of computer technology. In often-
cited meta-analysis, Kulik and Kulik
(1986) synthesize the results of 101
computer-based education studies and
conclude that increased learning
through the use of computer technol-
ogy can occur (Thompson et al. 1992).

In summary, most evaluation re-
search has found that learning can take
place with any technology-based me-
dium (Thompson et al. 1992). Upon con-
cluding that a given medium can posi-
tively impact learning, most ET research
has then progressed to the next type of
study, media-comparison, in which the
central research question becomes:
“How does this medium compare with
others or with conventional instruction
as a method of instructional delivery?”

Media-Comparison Studies

Media-comparison studies have
been the most prevalent type of research
in ET. There have been literally hun-
dreds of media-comparison studies, be-
ginning in the early 1900s. According
to Thompson et al. (1992), these stud-
ies, which also employ a technical per-
spective, seek to compare one medium
to another or to conventional instruc-
tion (which is itself considered a me-
dium) to determine which is “better” for
student learning (i.e., which medium
results in higher post-test scores on
comprehension and recall).

However numerous media-compari-
son studies have been, the validity of
media-comparison studies has been
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questioned. The early 1980s saw a pe-
riod of intense debate on the validity of
media-comparison studies, which have
been criticized for faulty assumptions,
lack of methodological rigor, and lack
of consistent findings (Thompson et al.
1992). The debate reached a high point
with Clark (1983, 445), who provided
the following famous analogy likening
the use of instructional media to a truck
that delivers groceries:

The best current evidence is that
media are mere vehicles that de-
liver instruction but do not
influence student achievement
any more than the truck that de-
livers our groceries causes
changes in nutrition....Only the
content of the vehicle can influ-
ence achievement.

This analogy has come to be known
in ET circles as the “mere vehicles” argu-
ment. Cobb (1997) asserts that Clark’s
(1983) “mere vehicles” analogy is prob-
ably the most widely quoted and debated
statement in ET research. Since Clark
(1983), the prevailing theory of educa-
tional scientists is that media-comparison
studies asking the question “Which me-
dium is better or more effective?” are con-
founded with other salient factors, such
as medium and method, medium and
novelty, or medium and amount of effort
invested in instructional design (Cobb
1997). For example, Cobb (1997) asserts
that early research comparing instruc-
tional television to face-to-face instruction
is confounded by the effect of novelty.
The same novelty effect is also attributed
to early research in the area of computer-
based instruction.

Methodological problems have also
plagued media-comparison studies.
Seels et al. (1996) reports that Stickell
(1963) analyzed 250 television media-
comparison studies and found that only
ten of the 250 studies were methodologi-
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cally sound, since they employed appro-
priate randomization of subjects, they
controlled for covariates, and they
tested the assumptions underlying the
statistical tests. Of these ten studies,
none reported statistically significant
results.

Media-comparison studies are thus
generally considered to be unin-
terpretable. Thompson et al. (1992, 16)
note, “The literature clearly demon-
strates that for every study that shows
the new medium is better, another
study shows the opposite.” Hence, the
focus has since shifted to intra-medium
studies that investigate independent
variables other than the medium itself.

Intra-Medium Studies

Intra-medium studies seek to com-
pare alternative implementation ap-
proaches for a particular medium. The
research question of interest for intra-
medium studies shifts from a compari-
son of one medium to another to “Which
are the most effective instructional ap-
proaches using this medium?” (Thomp-
son et al. 1992, 16). These studies are
designed with the instructional ap-
proach, not the medium itself, as the
independent variable (Thompson et al.
1992).

Thompson et al. (1992) cite King
and Behnke (1989) as an example of
intra-medium research on the effects of
speech compression on learning. Speech
compression refers to the difference in
lecture rates of the average instructor
(about 100 words per minute), as com-
pared to the average speed of thought
for college students (400 to 800 words
per minute) (Short 1977). A rate-con-
trolled speech compressor can speed up
or slow down a tape-recorded lecture,
according to the students’ preferences.
King and Behnke (1989) investigated
the effects of varying levels of time

Reproduced with permission of the copyrightowner. Further reproduction prohibited without permissionyanw .1




134

compression on several variables, in-
cluding student comprehension of the
instructional material presented. Their
study represents an intra-medium
study because the treatment is the level
of speech compression (Thompson et al.
1992).

Marchionini and Shneiderman
(1988) studied what type of task is ap-
propriate in a hypermedia context.
They concluded that hypertext is more
suited to browsing as compared to re-
trieving tasks. Their study represents
an intra-medium study because the
variable of interest is how to use the
medium more effectively for instruc-
tional purposes.

Other types of intra-medium stud-
ies focus on the manipulation of me-
dium attributes to enhance learning.
For example, some multimedia studies
examine the amount of text or graph-
ics placed on a screen. Similarly, much
distance-learning research, e.g.,
Jayasinghe et al. (1997), examines the
manipulation of other medium at-
tributes, such as the effect of camera
angle and monitor placement on stu-
dent learning.

While intra-medium studies have
yielded interesting and valuable in-
sights to researchers, many of these
studies fail to incorporate important
learner characteristics, or aptitudes,
that may influence learning (Thomp-
son et al. 1992). On the other hand, ap-
titude-treatment interaction (ATI) stud-
ies, the fourth type of study examined
in this paper, do consider learner char-
acteristics and how they interact with
media attributes. Thus, ATI studies rep-
resent an incremental improvement in
experimental design in ET research.

Aptitude-Treatment Interaction
Studies

Studies that seek to understand the
interaction between the learner and the

Issues in Accounting Education

medium are known as ATI studies.
These studies have as their ultimate
goal the adaptation of the instructional
method to the individual, based on the
individual’s aptitude (Thompson et al.
1992).

What is meant by the term “apti-
tude”? Cronbach and Snow (1977) de-
fine aptitude as “any characteristic of a
person that forecasts his/her probabil-
ity of success under a given treatment”
(in Thompson et al. 1992, 17). Thomp-
son et al. (1992, 17) define ATI as:

...[as] a result of a particular
treatment, individuals at one end
of an aptitude variable perform
at one level on a criterion mea-
sure, and individuals at the oppo-
site end of an aptitude variable
perform at a significantly differ-
ent level on the criterion
measure.

ATI research also includes an ex-
amination of the interaction between
media attributes (e.g., print text vs. mul-
timedia presentation) and learner apti-
tudes. For example, a student who is
deemed to be a visual learner with high
visual literacy may benefit more from a
multimedia presentation than a student
with relatively low visual literacy. On
the other hand, a student who has rela-
tively high verbal processing ability
may benefit more from reading the
material in a textbook (Thompson et al.
1992).

Accounting educators and research-
ers can learn a great deal from ATI stud-
ies, as research findings and implications
offer rich practical and theoretical guid-
ance concerning the contingent nature
of learning vis-a-vis ET. That is, the ex-
tent to which enhanced learning occurs
depends on a complex set of interactions
among learner and ET attributes.

Alternative Research Designs
The fifth category of ET research,

—
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alternative research designs, is a
catch-all for all other types of media
studies that do not fit into one of the
above four categories. The most
prevalent type of research in the cat-
egory called “alternative research de-
signs” is naturalistic research. Th-
ompson et al. (1992, 19) cite Neuman
(1989) in noting that while empirical
research seeks to explain cause-and-
effect phenomena, “naturalistic re-
search attempts to describe a phenom-
enon as it occurs in its natural setting
to draw inferences that have explana-
tory value.” Naturalistic research may
be thought of as the opposite of a labo-
ratory setting (Thompson et al. 1992).
While laboratory experiments seek to
provide strong internal validity with
identifiable cause-and-effect link-
ages, they are often weak on exter-
nal validity, or generalizability out-
side the laboratory environment.

Cunningham (1986) cites case
studies and ethnographic studies as
naturalistic research examples (Th-
ompson et al. 1992). For example, a
case study following one student’s
experience with distance education
(i.e., learning via telecommunication
methods) would be considered a natu-
ralistic study, as would a case study
comparing Chinese students’ percep-
tions and behaviors related to a par-
ticular medium to American students’
perceptions and behaviors.

Given that most academic research
in the United States traditionally fol-
lows the positivist-empiricist paradigm,
relatively few naturalistic studies are
conducted because they are the antith-
esis of the positivist-empiricist perspec-
tive. Hence, although naturalistic re-
search is valuable in many ways, it is
difficult to find large numbers of pub-
lished ET studies using naturalistic re-
search designs.?
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Implications for Researchers and
Educators

Of the five types of media research,
the most promising areas are intra-me-
dium studies, ATI studies, and natural-
istic studies (Thompson et al. 1992).
Intra-medium studies may further our
understanding of how a medium can
be used most effectively in classroom
instruction. How dense should text be
on a multimedia presentation? Where
is the best place for a camera to be
placed in a distance-learning study?
These are the types of questions that
can be answered through intra-medium
research. Educators can then use this
information to design and deliver more
informative and effective instruction
using these technologies.

ATI studies have enormous impli-
cations for instructional design. ATI
studies can determine whether a spe-
cific instructional method facilitates or
inhibits learning for students with par-
ticular aptitudes (Thompson et al.
1992). By understanding which learner
attributes are important, educators can
adapt and target certain instructional
techniques to specific types of learners.

Naturalistic studies that focus on
small subject groups or individual case
studies can also assist educators in
learning how to adapt instruction to best
meet the needs of individual learners.
While the generalizability of naturalis-
tic research is problematic, researchers
2 According to Birnberg and Shields (1989), be-

havioral research in accounting focuses on ob-
servation of people either in laboratory set-
tings or in a field experiment. Thus, naturalistic
research is somewhat more common in be-
havioral accounting research. This is different
from other research schools in accounting, such
as analytical research, where expected behav-
iors are modeled, given certain conditions and
circumstances. Similarly, capital markets re-
search examines archival data, and not indi-

vidual or group behaviors (Birnberg and
Shields 1989).
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can learn a great deal about the com-
plex interactions among learners, tech-
nologies, and settings through field-
based investigations.

The five types of ET studies reflect a
changing theory base. For example, while
evaluation and media-comparison stud-
ies have relied primarily on behavioral
theory, intra-medium, ATI, and natural-
istic studies have been based largely on
cognitive theory. If accounting research-
ers are to develop sound research designs
and draw valid inferences in their ET re-
search endeavors, it is important to un-
derstand the role that psychological
theory has played in the progression of
ET research. It is also important for ac-
counting educators to be aware of salient
psychological theory related to the use of
ET, as such knowledge can help them to
better understand the potential learning
impact of different types of ET, and to
more judiciously apply ET in the class-
room. Accordingly, the next section dis-
cusses the two most prominent theoreti-
cal perspectives that have been
instrumental in shaping ET research:
behavioral and cognitive theories.

THE ROLE OF BEHAVIORAL
AND COGNITIVE THEORY
IN EDUCATIONAL
TECHNOLOGY RESEARCH

Behavioral and cognitive theories
have often been used as the underly-
ing psychological foundations for ET re-
search. In the area of psychology, be-
havioral theory was articulated and
developed before cognitive theory. Cor-
respondingly, earlier studies in ET were
largely based on behavioral theory
while later studies have been primarily
supported by cognitive theory.

Behaviorism

Behaviorism has had a huge impact
on ET research (Thompson et al. 1992).
A basic tenet of behaviorism is reinforce-
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ment theory, which uses both positive
and negative reinforcement following
a stimulus to influence a change in be-
havior. Thompson et al. (1992, 9) state:

Small “chunks” of information
should be presented by lessons,
and students should be reinforced
positively when success at learn-
ing is demonstrated. This means
that interactive learning between
the student and the medium is
critical.

The emphasis in behaviorism is on
manipulation of controllable variables to
achieve a desired, quantifiable outcome.
Hannafin and Rieber (1989) note that
by a priori identification of the desired
outcome, the observable response be-
comes the focal point of learning sessions.

Another major tenet of behaviorism
is preassessment of a learner (before
any instruction occurs) to accurately
gauge what is learned by the applica-
tion of the technology. Behaviorists be-
lieve that learners should be placed at
an instructional level at the point where
they can be expected to perform at 90
percent of potential competence. New
material is presented and drilled upon
until it is mastered at the 90 percent
level (Thompson et al. 1992). Commen-
surate with behavioral theory, the
stimulus (new material) and reinforce-
ment (positive or negative) cycle begins
at the student’s preassessed level and
continues in increments until the 90
percent level is achieved.

Evaluation and media-comparison
studies rely primarily on behaviorism,
thus ignoring the individual attributes
that influence student learning. On the
other hand, cognitivism focuses on how
learners mentally process instructional
materials.

Cognitivism
Beginning in the 1970s, a dramatic
paradigm shift occurred away from
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behaviorism toward cognitive theory as
the foundation for ET research (Clark
and Salomon 1986). Researchers be-
came aware that the study of media
attributes in isolation was an incomplete
research design. Clark (1983) suggested
that the study of media as an indepen-
dent variable in and of itself is insuffi-
cient; rather, he emphasized a neces-
sary shift toward examining the
interaction between the media and the
learner. Accordingly, cognition became
the theory of choice, and the quest was
to identify learner variables that medi-
ate learning and to understand the
mental processes that occur within the
learner. Thus, since the 1970s, intra-
medium, ATI, and naturalistic stud-
ies—most of which are fundamentally
rooted in cognitivism—have become
prevalent (Thompson et al. 1992).
Educational psychologists largely
approved this paradigm shift and en-
couraged research in this direction, al-
though they did not advocate discard-
ing behavioral tenets altogether.
Hannafin and Rieber (1989, 98) sum-
marized the interplay between behav-
iorism and cognitivism as follows:

Behaviorism and cognitivism of-
fer tools that, taken eclectically,
can strengthen lesson effective-
ness and understanding of the
learning process....It is apparent
that both behavioral and cognitive
influences play important roles in
designing instruction. A reason-
able plan for the design of instruc-
tion must reflect a balance among
design influences, and must be
based in an overriding framework
both for how individuals process
information and for the potential
to manipulate instructional meth-
ods and messages.

Accordingly, researchers should
consider the interaction of media at-
tributes with learner attributes in
instructional design, paying attention

137

to both behavioral and cognitive influ-
ences. Phye and Andre (1986) juxta-
pose behavioral and cognitive theory on
several levels, as reflected in Table 2.

If educators and researchers are to
make judicious choices regarding the
specific type of ET to employ in a given
circumstance, it is important that they
understand how and why certain me-
dia attributes differentially affect indi-
vidual learners. In this light, the fol-
lowing section discusses the interaction
of media and learner attributes.

THE INTERPLAY BETWEEN
MEDIA AND LEARNER
ATTRIBUTES

The attributes of various media
have played an important role in both
behavioral and cognitive theory. In par-
ticular, two key media attributes have
received a great deal of attention—
transmission mode and learner control.
These two attributes are presented next.

Media Attributes

Cognitive learning theory has long
held that the degree of interactive par-
ticipation by the learner is highly influ-
ential in enhancing learning outcomes.
Interactive participation heightens the
learning experience because the student
actively participates in understanding
and interpreting the learning environ-
ment (Thompson et al. 1992). This theo-
retical perspective on learning indicates
that ET is likely to be most effective if it
provides for a dual exchange between the
technology and the learner. In order to
identify whether a given technology-
based medium possesses this dual-ex-
change capability, one must examine the
medium’s transmission mode.

An asynchronous transmission
mode involves a one-way message
stream from the technology to the
learner. A synchronous transmission
mode embraces the learner in dynamic
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TABLE 2

Comparison of Behavioral and Traditional Cognitive Theories
of Learning and Cognition

Behavioral Learning Theory

Traditional Cognitive Theory

1Y

Learner is seen as passive and reac-
tive to environment.

Learning occurs because of associa-
tions among stimuli or between
stimuli and responses.

Knowledge consists of whatever pat-
tern set of associations has been
learned [sic].

Learning is the acquisition of new
associations.

Prior knowledge influences new
learning primarily through indirect
processes, such as positive or nega-
tive transfer because of similarity of
stimuli between situations.

Discussion of the activities of the
mind is not permitted.

Strong experimental research tradi-
tion. Theories can only be verified
through experiment.

Education consists of arranging
stimuli so that desired associations
are made.

Learner is seen as active and mas-
tering the environment.

Learning occurs because the learner
actively tries to understand the
environment.

Knowledge consists of an organized
[sic] of mental structures and
procedures.

Learning consists of changes in men-
tal structure brought about by men-
tal reasoning.

New learning is based on using prior
knowledge to understand new situa-
tions, and changing prior knowledge
structures to deal with new situations.

Discussion of activities of the mind is
the central issue in psychology.

Weak experimental research tradi-
tion. Observational research, thought,
experiments, and logical analysis can
be used.

Education consists of allowing/encour-
aging active mental exploration of
complex environments.

Sources: Phye and Andre (1986). Reproduced in Thompson et al. (1992).
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two-way message exchanges by provid-
ing a means by which the learner can
communicate with the medium. Hence,
ET that is static (i.e., asynchronous) in
nature necessitates less learner inter-
action than ET that is interactive (i.e.,
synchronous). Accordingly, learning is
expected to increase through the use of
interactive ET.

A second medium attribute is the
level of learner control provided by the
technology. While some technologies
provide for the computer program to
make choices as to when and how much
feedback is received and what the next
step should be (program control), other
technologies allow the student to make
those choices. For example, an Internet-
based research project will permit the
student to choose which hyperlinks to
follow. Likewise, a CD-ROM-based re-
search project will give the student con-
trol as to how to next proceed. A tuto-
rial may allow the student the option of
receiving an explanation when choos-
ing the wrong answer. These are all
examples of learner control, which is
fundamentally rooted in behavioral
theory (i.e., stimulus and response).

A large body of research exists in
the educational psychology literature
regarding learner control, and the find-
ings are somewhat mixed. Hannafin
and Sullivan (1995) note that while
some findings indicate students learn
more effectively when learner control
is present (e.g., Kinzie et al. 1988; Gray
1987; Ross et al. 1989), other findings
indicate that in complex instructional
assignments or in situations where stu-
dents lack prior knowledge of the sub-
ject matter, the presence of learner con-
trol can actually diminish student
learning (Carrier 1984; DiVesta 1975;
Steinberg 1977; Tennyson and Rothen
1979).

Recent research provides evidence
that the interaction between individual
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learner attributes and learner control
determines the extent to which learn-
ing occurs. For example, Freitag and
Sullivan (1995) find that when learn-
ers’ preferences are matched to the
amount of instruction they receive prior
to beginning a computer-based learn-
ing (CBL) exercise, subjects who receive
an amount of instruction that corre-
sponds to their predetermined prefer-
ences record higher post-test scores,
spend less time in completing an assign-
ment, and reflect more positive atti-
tudes toward CBL. Pridemore and
Kilein (1991) find that giving subjects
learner control over the type and tim-
ing of interaction improves student
scores relative to a control group. Young
(1996) finds that students who possess
high self-regulated learning strategies
perform better in a learner-control en-
vironment than students with low self-
regulated learning strategies. Thus, the
extent to which learning is improved by
the use of ET depends on the interac-
tion between learner control and
learner attributes.

Learner Attributes

This section discusses salient
learner attributes that have been found
to interact with media attributes.
Thompson et al. (1992) note that un-
derstanding how learners’ cognitively
process instructional materials (i.e., how
they acquire, organize, store, and re-
late instructional materials) is a critical
issue in determining the type of ET to
use in a given circumstance. What are
the key attributes related to a learner’s
cognitive processing, and which learner
attributes are the most important with
respect to instructional design and ET
research? This section addresses these
questions. A number of learner at-
tributes, suggested by cognitive theory,
are expected to affect learning,
including prior knowledge, motivation,
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mental effort, and individual learning
styles.

Prior Knowledge

Park and Hannafin (1993) state
that the most powerful influence in de-
termining the extent to which learn-
ing occurs is the learner’s related prior
knowledge. According to cognitive
theory, an individual’s overall knowl-
edge set is represented by various
schemas, or organized networks of prior
knowledge (Norman 1982). Learning
occurs when individuals are able to im-
bed new information into existing
schemas and create meaningful rela-
tionships among schemas. Hence, the
extent to which new information affects
learning depends on the learner’s ex-
tant knowledge of the subject matter.

Motivation

Motivation has been studied from
many theoretical perspectives, includ-
ing expectancy theory, equity theory,
goal-setting theory, attribution theory,
and schema theory. Taken as a whole,
these theories suggest that motivation
comprises three factors: the choice to
perform a task, the level of effort ap-
plied during performance of the task,
and the persistence of effort in perform-
ing the task (Campbell and Campbell
1988; Ilgen and Klein 1988). If envi-
ronmental and behavioral constraints
are held constant, an individual’s level
of effort and persistence can compen-
sate for a relatively low level of prior
knowledge (Libby 1995). Libby (1995)
presents empirical evidence that, hold-
ing prior knowledge constant, highly
motivated individuals can outperform
their less motivated counterparts.

Education researchers recognize
that a learner’s motivation level can
affect learning. For example, Hannafin
and Rieber (1989) suggest that highly
motivated individuals demonstrate in-
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creased task perseverance and willing-
ness to seek additional instruction, and
are inclined to more deeply process les-
son content. Hence, motivation is con-
sidered to be a key factor in determin-
ing the amount of learning that occurs
with various education technologies.
Because mental effort is generally con-
sidered to be one of three subcompo-
nents of motivation, researchers in ET
have focused a great deal of attention
on this particular subcomponent.

Mental Effort

Students who are highly motivated
tend to expend greater mental effort,
while students who are less motivated
tend to expend less mental effort
(Hannafin and Rieber 1989). In the area
of ET research, mental effort has been
linked to students’ perception of technol-
ogy as easy or difficult to use. For ex-
ample, Salomon (1984) assigned students
to television and print media treatment
conditions. He then studied the relation-
ship among the students’ preconceived
attitudes regarding the ease or difficulty
of television vs. print media as a means
of delivering instruction, self-reported
amount of mental effort, and achieved
test scores. Students who received the
print treatment indicated higher precon-
ceptions of difficulty of use, reported in-
creased mental effort, and achieved bet-
ter test scores when compared to students
in the television treatment group.
Cennamo et al. (1991) conducted a simi-
lar investigation using interactive video,
instructional television, and commercial
television as the delivery media. Their re-
search findings also indicate a positive
relationship among the perceived diffi-
culty of use, amount of mental effort ex-
pended, and post-test scores. Together,
Salomon (1984) and Cennamo et al.
(1991) suggest that higher levels of men-
tal effort can improve learning.
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Learning Styles

Cognitive theory contends that
learning is optimized when an
individual’s learning style is congruent
with the learning task. One example of
learning style research is found in
Carlson (1991), who investigated the
relationships among an individual’s in-
dicated learning style, content scores,
observation skill scores, overall satisfac-
tion, and attitude toward learner con-
trol of instruction. Using a learner sur-
vey, Carlson (1991) classified students
as either “deductive learners” (i.e., those
who prefer very clear step-by-step di-
rections) or “inductive learners” (i.e.,
those who prefer to create their own
concepts after consideration of several
examples and fact patterns).? Students
then received eight hours of either de-
ductive or inductive instruction. Carlson
(1991) reported that learners whose in-
dicated learning styles were congruent
with the learning task attain higher
post-test scores than students whose
learning styles were mismatched with
the task. Carlson’s (1991) research find-
ings support the assertion that learn-
ing style is an important learner at-
tribute that should be considered in
instructional design.

Although learning style is undoubt-
edly an important learner attribute to
consider in instructional design, little
research on the integration of ET and
learning style exists. More research is
needed to identify which technologies
are more suited for a particular learn-
ing style.

It is important that accounting edu-
cators and researchers fully understand
and appreciate past ET research, as the
knowledge gained from such studies
suggests what future ET-related en-
deavors should be pursued. Accord-
ingly, the next section presents a review
of ET studies, by ET type, that have
been published over the past five years.
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AREVIEW OF CURRENT
EDUCATIONAL TECHNOLOGY
STUDIES

To assess the current state of ET
research, we conducted a literature
search to identify empirical and theo-
retical media studies published over the
last five years. The primary sources
searched were Educational Technology
Research and Design and the Hand-
book of Research for Educational Com-
munications and Technology. The
search revealed 24 ET studies. Table 3
categorizes these studies into the frame-
work previously presented in Table 1.
Of the 24 studies, seven are in the area
of distance learning, while 11 are in the
area of hypermedia. This concentration
of studies reflects the current state of
computer technology, with distance
learning and hypermedia being topics
of recent, intense interest to educational
researchers. Following is a review and
discussion of these studies by type of
technology.

Computer-Assisted Instruction
Studies

Three studies involve CAI.
Schwartz et al. (1999) describe the in-
tegration of an intelligent tutorial sys-
tem (ITS) into an educational psychol-
ogy course. An ITS functions much like
an instructional expert system, with a
user interface, an expert supplying do-
main expertise, a learner model that
provides feedback and guidance to the
student, and a pedagogical model that
contains knowledge needed for making
decisions about the tutoring tactics

3 Carlson (1991) does not specifically name the
learner survey. She describes the survey as
including 25 statements with a Likert scale,
and use factor analysis to separate students
into inductive- or deductive-learner style.
Carlson (1991) refers the reader to a working
paper, Carlson and Falk (1986), for further
explanation of the learner survey.
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available to the system. A software
shell, termed STAR.Legacy, was de-
signed to assist students in learning
from case-based, problem-based, and
project-based learning. Schwartz et al.
(1999) report that the software helped
students to apply what they had
learned in one setting to a new setting
(i.e., creating vital linkages among cog-
nitive schemas). Similarly, Orey and
Nelson (1993) describe how to theoreti-
cally integrate cognitive theory into an
ITS. The authors advocate consider-
ation of learner characteristics in the
design of an ITS, including the level of
the learner’s prior knowledge. While nei-
ther study is empirical in nature, both
Schwartz et al. (1999) and Orey and
Nelson (1993) nonetheless provide valu-
able insight into the integration of in-
telligent tutorials into the classroom.
An empirical research effort is
found in Clariana et al. (1991), who
perform an intra-medium study on the
effects of different feedback strategies
for a drill-and-practice exercise using
computerized multiple-choice questions.
Their study compares the effects on
learning of three feedback strategies:
(1) knowledge of correct answer, (2) an-
swer until correct, and (3) delayed feed-
back. Immediately after completing the
drill-and-practice exercise, students
completed a post-test based on the ma-
terial in the exercise. The post-test was
re-administered (unannounced) two
weeks later to assess student retention.
Analysis of variance (ANOVA) revealed
a statistically significant main effect for
feedback, as well as significant two-way
and three-way interaction effects for the
within-subjects factors of question level,
feedback, and support (text passage
provided vs. no text passage provided).
Of particular interest is the statistical
significance of the interactions. As
Clariana et al. (1991) note, if only one
level of question had been built into the
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experimental design, the results would
have been directly related to the level
of question. Thus, their study high-
lights the dynamic interplay among
learner attributes, media attributes,
and task difficulty.

Computer-Assisted Teaching
Studies

CAT is largely concerned with mul-
tiple-channel communication presenta-
tion of instructional materials, includ-
ing hypertext, hypermedia, multimedia,
and the World Wide Web (WWW),
Hypertext refers to random access to
text. Hypermedia refers to the nonlin-
ear, random access to information stored
in a variety of audio and visual formats,
including graphics, sound, animation,
and other forms of information trans-
fer (Marchionini 1988). Multimedia is
the linear representation of information
using multiple media, including sound,
animation, and other audio and visual
formats. Interactive multimedia allows
user interaction with the multimedia
material, but the interaction does not
alter the linear direction of the presen-
tation (Thompson et al. 1992). The
World Wide Web exemplifies a
hypermedia information system that
makes information instantly and di-
rectly available.

Multiple-channel communication re-
search is grounded in several informa-
tion processing and cognitive theories,
including dual-coding theory (Paivio
1971, 1986), cue summation theory
(Severin 1967a, 1967b), and stimulus
generalization theory (Severin 1967a).
The dual-coding model states that there
are two types of information (verbal and
imaginal) that are encoded in separate
independent, yet interconnected, sub-
systems (Moore et al. 1996). Stimulation
of multiple senses is believed to increase
activation of long-term memory, which
triggers learning. Cue summation theory
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posits a direct relationship between learn-
ing and the number of relevant avail-
able cues or stimuli. Cue summation
theory places special emphasis on picto-
rial representations (Moore et al. 1996).
Stimulus generalization theory contends
that learning improves as testing more
closely reflects the presentation (Moore
et al. 1996). That is, congruency between
presented and tested materials stimulates
the appropriate cognitive schemas con-
taining relevant information.

Multiple-channel research has re-
sulted in contradictory findings, with
some studies reporting that multiple-
channel presentation is more effective,
and other studies indicating that single-
channel presentation is more effective.
For example, Hartman (1961) identi-
fies four types of multiple-channel cues:
(1) redundant, (2) related, (3) unre-
lated, and (4) contradictory. Moore et
al. (1996, 858) state, “If multiple-chan-
nel messages are unrelated or contra-
dictory, they compete with each other,
and information interference is the re-
sult.” Hence, the problem may not be
with the multiple channels; rather, ir-
relevant or incongruent multiple mes-
sages may be at the root of the prob-
lem. Dwyer (1978) attributes much of
the confusion in multiple-channel re-
search to weakness in experimental
design, lack of formal hypotheses, and
unrealistic research situations. Severin
(1967a) maintains that educators may
not consider interference between chan-
nels. Hsia (1968) holds that inconsis-
tent findings may be due to the failure
to consider the capacity limit theorem
(the ability to process a limited amount
of information at one time) and redun-
dancy of information, causing informa-
tion processing efficiency to fluctuate
(Moore et al. 1996).

Ragan et al. (1993) provide a sum-
mary of seven major reviews (139 total
studies) of multimedia multiple-
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channel research. Moore et al. (1996,
867) list the major findings of Ragan et
al. (1993) as follows:

1. Multimedia is at least as ef-
fective as conventional forms
and has substantial cost ben-
efits and efficiency.

2. Frequently, multimedia in-
struction is more effective
than conventional instruction.

3. Multimedia is more efficient
in terms of learning time
than is conventional instruc-
tion (30% savings).

Additionally, Ragan et al. (1993) sug-
gest that media attributes (e.g., a high
level of interactivity and level of learner
control) contribute positively to the effec-
tiveness of multimedia presentation.

Computers for Research Studies
Neuman (1993) reports the results
of a naturalistic study of online and CD-
ROM databases to identify which pre-
sentation factors enhance and promote
higher-level learning. Ninety-two high
school students were observed over a
semester using 18 online databases and
seven CD-ROM databases to complete
an assignment. Periodically the stu-
dents were interviewed and encouraged
to provide feedback on the use of the
technology to complete their assign-
ment. One of the major findings from
this study was that most students felt
that they did not have sufficient prior
knowledge to complete the assignment.
As one student stated, “How could we
understand what was happening now
if we really didn’t understand what the
topic was about?” (Neuman 1993, 36).
This finding highlights the need for in-
structional media to consider the level
of the student’s prior knowledge, either
postponing the use of such technology
until the student has mastered the reqg-
uisite background knowledge, or
incorporating levels of difficulty into the
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media itself so that the student can de-
velop the appropriate cognitive schema
commensurate with the new material.

Distance-Learning Studies

Distance learning, which encom-
passes two-way interactive television,
satellite television, video-conferencing,
and asynchronous and synchronous
web-based instructional delivery, has
generated great interest in the aca-
demic community. Indeed, several
journals, including the American Jour-
nal for Distance Education, Journal
of Distance Education, and Research in
Distance Education, are dedicated ex-
clusively to research in this area. Of the
seven studies located in Educational
Technology Research and Design
related to distance learning, six are em-
pirical and one is theoretical. Two of the
six empirical studies are evaluative in
nature, while four are intra-media
studies.

Evaluative studies include
Whetzel et al. (1996) and Martin and
Bramble (1996). Whetzel et al. (1996)
report on efforts to determine the ef-
fectiveness of satellite training. In
their study, eight satellite and two
conventional classrooms were set up
for training U.S. Postal Service em-
ployees on specific job procedures. The
subject pool included 1,177 individu-
als who voluntarily participated in
the training and who took a pre-test
and post-test. Based on the results of
the post-test scores, which were ad-
justed for the pre-test scores, the au-
thors conclude that satellite training
is useful as a learning medium. Mar-
tin and Bramble (1996) describe the
teaching of five military courses via
interactive video and determine this
instructional method to be useful in
delivering instruction. Their results
show that all students who partici-
pated in the satellite training courses
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passed post-course evaluation exams,
with over 90 percent passing on the
first attempt.

One area of interest is the skill and
knowledge required of distance-educa-
tion professionals. Telg (1996) and
Thach and Murphy (1995) both investi-
gate and identify competencies required
of distance-education professionals.
Thach and Murphy (1995) conducted a
two-round Delphi process wherein 100
distance educators completed a survey
identifying distance-education roles,
outputs, and competencies. Telg (1996)
interviewed 12 full-time television pro-
duction specialists in distance education
to determine what particular competen-
cies they needed to perform their jobs.
In both studies, the authors described
essentially the same ten competencies:
(1) interpersonal communication skills;
(2) planning skills; (3) collaboration/
teamwork skills; (4) English proficiency;
(5) writing skills; (6) organizational
skills; (7) feedback skills; (8) knowledge
of the distance-education field; (9) ba-
sic technology knowledge; and (10) tech-
nology-access knowledge.

Jayasinghe et al. (1997) examined
the effects of camera angle and moni-
tor placement in a simulated distance-
learning environment on several in-
structor variables. Their results
indicated that eye-level cameras and
multiple monitors within small groups
have a positive influence on instructor
credibility, immediacy, and interactions.

Webster and Hackley (1997) inves-
tigated teaching effectiveness in dis-
tance learning. They examined four
categories of influences on distance-
learning outcomes, including technol-
ogy, instructor, course, and student
characteristics. They found statistically
significant results in all four categories,
with the most significant variables be-
ing the perceived richness of the
medium (i.e., amount of visual and
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audio cues), the instructor’s teaching
style (interactive or noninteractive), and
the students’ comfort with seeing their
image on camera.

In reviewing distance-education
studies, we noted a lack of research en-
compassing newer technologies such as
asynchronous and synchronous (also
known as “interactive chat”) web-based
delivery. This void is likely due to the
relative newness of this form of distance
education, coupled with the relatively
long lead times for research publication.
More research on the effectiveness and
efficiency of these delivery methods is
needed.

Television Studies

Over the last 40 years there have
been countless evaluation and media-
comparison studies on the use of televi-
sion in the learning process, with the
general consensus being that students
can learn effectively if television is the
delivery vehicle for instructional con-
tent. Recent studies attempt to identify
the conditions under which television
best works as an instructional vehicle.
One such example is Cennamo et al.
(1991), an ATI study that examines the
relationship between mental effort and
instruction delivered via three media:
interactive video, instructional televi-
sion, and television. Based largely on
the research of Salomon (1984), the au-
thors hypothesize that perception of a
given medium as more difficult from
which to learn will lead to greater in-
vested mental effort, which will lead in
turn to greater learning.

This theory was tested on 71 un-
dergraduate students. The authors
find, contrary to other studies, that
television is perceived as the most dif-
ficult medium from which to learn,
while interactive video is perceived as
the easiest. The authors find no sta-
tistically significant difference in per-
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ceived mental effort expended. Post-
test exam scores were lower for tele-
vision (perceived to be the most diffi-
cult from which to learn) and highest
for interactive video (perceived to be
the easiest from which to learn). This
finding is opposite to several other
studies, notably Salomon (1983, 1984)
and Salomon and Leigh (1984).
Cennamo et al. (1991) speculate that
this result might be attributable to the
fact that younger (elementary school)
children were used in prior studies,
while their study wused college
students.

Hypermedia Studies

Research in hypermedia is fairly
new, and has followed the typical evo-
lutionary patterns demonstrated in
other media research. Of the seven
empirical papers identified, one is evalu-
ative, one is an intra-medium study,
three are ATI studies, one is a combi-
nation intra-medium and ATI study,
and one is a naturalistic study.

Gilliver et al. (1998) evaluated the
usefulness of hypermedia as an instruc-
tional delivery tool. These researchers
found that an experimental group of
students with Internet access to detailed
lecture notes and examples, tutorials,
and other instructional support mate-
rials performed better on the final exam
than a control group that did not have
access to the material. Gilliver et al.
(1998) attributed this pedagogic out-
come largely to increased motivation on
the students’ part due to their active
involvement in the learning process.

Much of the research in hypermedia
has centered on issues of cognition,
learner control, and learner style. For
example, through their research on cog-
nitive and information search strate-
gies, Hill and Hannafin (1997) provide
insight into strategies used by adult
learners to search the WWW. Of
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particular interest, these researchers
found that the learner’s level of meta-
cognition (i.e., knowledge of one’s own
search strategy) affects the learner’s
search behavior. Specifically, higher
levels of meta-cognition were associated
with more effective and efficient search
strategies. Additionally, they found that
participants with high meta-cognition
did not appear as prone to disorienta-
tion as those did with low meta-
cognition.

In a similar study, Barab et al. (1997)
explore the profiles of hypermedia users.
Students used a hypermedia system to
perform two information retrieval tasks.
The search path the students navigated
was captured in an electronic log file,
and cluster analysis was used to gener-
ate individual performance profiles.
Using the individual profiles, the au-
thors identify four types of navigational
performance: (1) model users, (2) dis-
enchanted volunteers, (3) feature ex-
plorers, and (4) cyber-cartographers.
Barab et al’s (1997) research sheds
light on issues of learner control and
has implications for instructional design
of hypermedia tasks. Additionally, in-
sight is gained into choices individuals
make in navigating open-ended, non-
directive media.

Shin et al. (1994) and Leader and
Klein (1996) offer empirical ATI stud-
ies focusing on the interaction of
learner and media attributes. Leader
and Klein (1996) investigated the ef-
fects of search tool and learner cogni-
tive styles on performance during
hypermedia database searches. Their
research reveals a statistically signifi-
cant interaction between search tool
and learner cognitive style, and as
such has implications for the design
of hypermedia and its use in the class-
room. Shin et al. (1994) investigated
the interaction between learner con-
trol, advisement, and prior knowledge
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on learning in a hypertext environ-
ment. The authors found that learn-
ers with low prior knowledge retrieve
information more quickly and with
less frustration when using a pro-
gram that allows for a relatively low
level of learner control. Conversely,
learners with high prior knowledge
perform better when using a program
that allows for a relatively high level
of learner control. The Shin et al.
(1994) study, in particular, sheds light
for educators on instructional design
by alerting them to conditions under
which limited vs. unlimited access in
a hypertext environment might be
appropriate.

Nicaise and Crane (1999) is a
naturalistic research effort wherein
12 graduate students learned about
hypermedia through designing and
constructing a chapter for a WWW-
based book. The authors embrace a
constructivist view of learning in
which learning is viewed as an active
process that encourages students to
discover through hands-on applica-
tion or to learn through teacher-
guided inquiry (Fosnot 1989; Perkins
1992). Nicaise and Crane (1999, 30)
state, “Constructionists believe that
learning is a process of becoming
physically engaged with materials—
to manipulate objects and build physi-
cal artifacts (representations) of un-
derstanding.” The authors report that
most students were highly satisfied
with the course.

Based on this body of education
and psychology research, what can ac-
counting educators learn from the
studies outside accounting, and what
are the issues accounting education
researchers should consider in design-
ing ET studies? The next section ex-
plores these issues and presents im-
plications of ET research for the
domain of accounting.
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IMPLICATIONS FOR
ACCOUNTING EDUCATION
AND RESEARCH
Guidance for Accounting

Educators

Many times educators rely on either
behavioral or cognitive theory in de-
signing and delivering instruction. But
the studies outside accounting clearly
show that the most effective approach
for delivering instruction is to consider
both behavioral and cognitive influ-
ences. Based on the review of research
outside accounting and a synthesis of
behavioral and cognitive theory, we of-
fer the following guidelines for account-
ing educators to consider in using tech-
nology to deliver instruction.

Guideline #1: For learning to be
most effective, students should be both
cognitively and physically engaged in
the task. Computer-Based Learning
(CBL) and distance learning are ET
methods that require significant inter-
action between the user and the me-
dium. As such, they represent good tools
for actively engaging the learner. A
method such as one-way instructional
television can be made more interactive
by periodically turning off the televi-
sion or pausing the video and engag-
ing the learners in a discussion of the
previously viewed material. Similarly,
a multimedia presentation can be more
effective if the instructor solicits input
and discussion from students during the
presentation. Students who are asked
to research a tax question will benefit
from the discovery process afforded by
hypermedia through a WWW search
because they must be cognitively en-
gaged in the process of traversing the
Web.

Guideline #2: Students should
know a priori what the objectives of the
assignment are, and they should be able
to determine ex post whether they met
those objectives. For example, if an in-
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structor is using a video of an audit in
class, the instructor should state clearly
before showing the video why he/she
chose to show this video and what he/
she wants the student to get from the
video, e.g., “l want you to see how an
audit is planned.” In other words, us-
ing ET in the classroom should be pur-
poseful. By knowing the objectives at
the outset, learners can assess their own
learning better and can be more
strongly motivated to participate ac-
tively.

Guideline #3: Feedback should be
gtven to students to monitor their
progress and reinforce positive behav-
tor. Feedback type and timing are is-
sues for instructors to consider when
using CBL. Most CBL, such as drill-and-
practice and intelligent tutorials, recog-
nize the importance of feedback and in-
corporate automatically some type of
feedback into the program. In exercises
such as a Monte Carlo simulation, feed-
back should be interdispersed through
the exercise in order to direct the
learner’s efforts and provide an oppor-
tunity for the learner to take corrective
action when needed.

Guideline #4: Individual character-
istics of the learner should be taken into
account in instructional design, e.g.,
the prior knowledge of the student; the
student’s level of motivation and,
relatedly, mental effort; and the learn-
ing style of the student. For example,
as discussed above, research has shown
that students with prior subject-matter
knowledge can perform relatively well
on an open-ended hypermedia search.
However, students with low prior
knowledge generally do not do well on
open-ended hypermedia searches, but
rather need a limited search space to
be effective in their search efforts. In-
structors can use this knowledge to
more effectively deliver instruction in
the classroom.
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The level of the class is also related
to prior knowledge. For example, sopho-
mores studying principles of account-
ing have low prior knowledge of ac-
counting. ET use at this level should
not be so sophisticated that students are
detracted from learning the subject
matter.

Following prior knowledge, the next
issue is how to motivate students to use
technology in the classroom. As previ-
ously discussed, motivation comprises
three subcomponents: choice, mental
effort, and persistence. Most of the time,
choice is a nonissue, as instructors do
not give students the choice whether to
use a given technology to complete an
assignment. Mental effort is related to
the reward structure offered. Students
generally rise to the challenge when
their grade is at stake. To encourage
mental effort, instructors should allo-
cate a significant part of their grade to
the successful use of the technology. Per-
sistence is fostered by integrating the
technology throughout the course, thus
requiring students to use the technol-
ogy frequently.

Finally, to the extent student learn-
ing styles can be identified and accom-
modated in the classroom, instructors
should seek to match technology with
the appropriate learning style. Practi-
cally speaking, in large classes, this may
be difficult to accomplish. Further, as
previously discussed, more research is
needed to identify which technologies
are congruent with which learning
styles.

Guideline #5: Tasks using ET
should be organized from simple to com-
plex. Students can learn effectively
when they build on small successes and
progress from the known to the un-
known, the concrete to the abstract.
This type of learning has been termed
“cascaded problem solving” (Holcomb
and Michaelsen 1996). For example,
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drill-and-practice questions are more
effective when they start with easy
questions and move to more complicated
questions. This instructional approach
also tends to build student confidence.
Further, by progressing from the simple
to the complex, students are able to con-
nect previously learned information to
new information.

Guideline #6: Where possible, learn-
ers should progress through the lesson
at their own pace. Self-paced instruc-
tion is not possible in CAT, since the in-
structor usually has a fixed time frame
during which to deliver a block of in-
struction. However, self-paced instruc-
tion often is possible when using CAI,
such as drill-and-practice exercises and
hypermedia searches, to provide for self-
paced instruction. Some students will
need to go back several times to review
material, while others will be able to
progress more quickly. Allowing the
learner to regulate his/her pace
through a lesson recognizes that indi-
viduals are unique in how they process
information.

Guideline #7: The instructor should
attempt to match higher-order learning
objectives with ET that is more condu-
cive to higher-order thinking, and
lower-order learning objectives with ET
that is more conductve to lower-order
thinking. Most CAI applications are
drill-and-practice- and tutorial-oriented.
These technologies do a good job of de-
livering and reinforcing procedural
knowledge (associated with lower-order
thinking skills), such as technical ac-
counting rules (Boyce 1999). Undoubt-
edly, students can benefit from repeti-
tion and drill on often-complex
accounting rules. However, the ac-
counting profession as a whole has be-
gun to recognize the importance of deep
learning as opposed to surface learn-
ing, and critical thinking as opposed to
rote memorization of rules and facts
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(Accounting Education Change Com-
mission 1990). ET, such as simulations
and hypermedia, can foster high-order
thinking skills such as logical and de-
ductive thinking, analytical reasoning,
judgment and decision making, and
problem solving. CCP tools such as
spreadsheets (which by themselves
would be considered low-order tools) can
be used to promote high-order think-
ing skills by requiring students to make
decisions and/or recommendations
based on spreadsheet results—in effect,
to do more than simply create the
spreadsheet.

The above guidelines provide spe-
cific directions to accounting educators.
There are, however, two other impor-
tant issues that accounting educators
must undoubtedly face: (1) how to be-
come competent themselves in the use
of technology in the classroom; and (2)
how to determine which technology is
appropriate for a given class or assign-
ment. With respect to competency, we
should note that in today’s dynamic
technological environment, not many
instructors believe they attain the goal
of complete competency. By the time one
begins to approach a comfort level, the
technology changes—new versions
come out, new operating systems are
proffered, and new tools are continu-
ally offered. Instructors must face the
fact that competency is a continual goal.
They must commit to a continual pro-
cess of professional development. Some
help with professional development is
usually available at the university in
the form of computer classes. Instruc-
tors should take advantage of such
classes, as we have found this format
to be an efficient and effective method
of learning a new technology. Inexpen-
sive tutorials are available as well. The
key here is to commit to a constant im-
provement process.

The second issue is how to choose
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technology appropriate to a class or as-
signment. Guidance on this subject is
available in the International Federa-
tion of Accountants (IFAC) Interna-
tional Education Guideline No. 11, In-
formation  Technology in the
Accounting Curriculum (IFAC 1995).
The AICPA publishes IFAC Guideline
No.11 along with an AICPA task force
interpretation of the guideline called In-
formation Technology Competencies in
the Accounting Profession: AICPA
Implementation Strategies for IFAC In-
ternational Education Guideline No. 11
(AICPA 1996). This information details
strategies for implementing a study of
technology within the accounting cur-
riculum, as well as specific skills and
competencies needed by accountants.
Educators will find this guideline and
interpretation to be useful references
for determining which skills and com-
petencies are most important, as well
as which technology applications are
appropriate for which subject.

The guidelines offered above are di-
rected primarily at accounting educa-
tors. What issues should accounting
researchers consider in designing ET
research studies? Is there a way to put
this body of knowledge together into a
framework for accounting research? The
next section answers these questions
and provides some direction for ET
research.

Guidance for Accounting
Education Researchers

To provide guidance to accounting
education researchers, we must first up-
date accounting ET research. Rebele et
al. (1998) provide a review of ET stud-
ies published in the accounting educa-
tion literature during the period 1991
1997. Table 4 updates their literature
review through midyear 1999. The
studies listed in Table 4 were compiled
from a review of recent research
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published in Issues in Accounting Edu-
cation, the Journal of Accounting
Education, Accounting Perspectives,
Accounting Education: A Journal of
Theory, Practice, and Research (re-
named in 1998 to Advances in Account-
ing Education), The Accounting Edu-
cators’ Journal, and Accounting
Education.*

Tables 3 and 4 show some interest-
ing trends. It is readily apparent that
ET research has progressed away from
one-way television toward the newer
technologies of distance learning and
hypermedia (which encompass interac-
tive multimedia). Of the 24 education
studies reviewed, seven are distance-
learning studies and 11 are hypermedia
studies (or some variant). On the other
hand, accounting research is still very
much involved in television issues, par-
ticularly the use of videos to supplant
or supersede lectures. Accounting re-
searchers are just beginning to examine
the newer technologies of distance
learning and hypermedia. More re-
search is needed in these areas.

Another interesting comparison is
with respect to the types of studies be-
ing performed in education research vis-
a-vis the types of studies being per-
formed in accounting. Educational
researchers are performing more em-
pirical work, and their studies have pro-
gressed away from evaluation studies
and media-comparison studies toward
intra-medium, ATI, and naturalistic
research. Table 5 reveals that of the 15
recent accounting technology studies
published, less than half (six) are em-
pirical, while nine are primarily descrip-
tive in nature. Additionally, Table 5
shows that of the six empirical studies,
four are media-comparison studies (pri-
marily comparing a given technology-
delivery method to traditional classroom
instruction to see which is “better” for
learning); one is an evaluation study

Issues in Accounting Education

(examining the usefulness of using a
given technology); and one is a combi-
nation evaluation, media-comparison,
and ATI study (examining the useful-
ness of multimedia, comparing multi-
media presentation to traditional class-
room presentation, and then examining
whether learner style interacts with the
medium). The descriptive studies by
their nature cannot be classified as a
particular type of study. The account-
ing ET studies have been dispersed over
several areas, with no one dominant
area of accounting. Accounting can ben-
efit from more empirical research, par-
ticularly intra-medium, ATI, and natu-
ralistic, or qualitative research.
Several researchers have attempted
to develop technology classification
schemes based on individual medium
characteristics, including projected-vs.-
nonprojected media, motion-vs.-still
media, and text-vs.-graphic media
(Thompson et al. 1992). However, a
classification scheme that focuses only
on media attributes ignores the inter-
play between the media and the
learner, as well as individual attributes
and environmental factors. Given the
paradigm of dual behavioral and cog-
nitive theory influences, we propose in
Figure 1 a framework that considers all
these key components as a guide for
accounting education researchers.
Figure 1 provides a framework that
classifies media attributes according to
transmission mode (synchronous or
asynchronous) and learner control

4 Cutoffissues of accounting journals reviewed
in this paper are as follows: Issues in Account-
ing Education (Vol. 14, No. 2); the Journal of
Accounting Education (Spring/Summer 1999);
Accounting Education (Vol. 8, No. 1, 1999);
Accounting Perspectives (Fall 1996); Account-
ing Education: A Journal of Theory, Practice,
and Research (Vol. 2, No. 2, 1997); Advances
in Accounting Education (Vol. 1, 1998); and
The Accounting Educators’ Journal (Spring
1998).
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(presence or absence). Some technolo-
gies, such as video, appear in multiple
categories, because the presence or ab-
sence of learner control may vary within
type of medium. For example, an in-
structional video shown in class may not
give the student any control over the
process, while an instructional video
that may be checked out from a video
library and viewed multiple times pro-
vides some level of learner control to the
student.?

In addition to media attributes, Fig-
ure 1 reflects individual attributes, in-
cluding the learner’s prior knowledge
of the subject matter, the mental effort
exhibited by the learner, the learning
style of the learner, and the learner’s
motivation. Additionally, the framework
considers the influence of environmen-
tal factors on learning, such as the spe-
cific task, extrinsic incentives, and the
learning setting. While there are likely
many more individual and environmen-
tal attributes that are interrelated with
ET, those listed in Figure 1 are intended
to reflect a representative selection of
such factors. It is the study of the inter-
actions among technology, control, in-
dividual attributes, and environmental
factors that will yield the most interest-
ing and fruitful results for accounting
educators.

One learner attribute that merits
attention in particular is learning style.
Little research exists on congruence of
learning style with ET. For example,
which learning styles are more suited
for hypermedia search? Which are con-
gruent with an interactive-chat format
for a graduate accounting distance-
learning class? These types of questions
are ripe for accounting researchers.
Three accounting studies that do con-
sider student-learning styles are Siegel
et al. (1997), Evans (1998), and Butler
and Mautz (1996). Siegel et al. (1997)
consider a student’s individual learn-
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ing style in an experiment involving the
effectiveness of watching a video on
audit. Similarly, in developing a series
of videos to teach introductory cost and
management accounting, Evans (1998)
employed a holistic approach, incorpo-
rating material prepared for both visual
and verbal learners. Butler and Mautz
(1996) examined the interaction of
learner style with presentation mode
(traditional, text-based, black-and-
white visual aids vs. multimedia pre-
sentation). These studies are strength-
ened by consideration of learner
characteristics. More research of this
type is needed to understand the inter-
action between the student’s learning
style and the medium.

Another issue of importance is the
assessment of student learning using a
given medium. Most assessment has
occurred by comparison of a score on a
final examination between a control
(without use of the medium) and ex-
perimental (with use of the medium)
group. Learning enhancement is widely
believed to occur if the score for the ex-
perimental group is significantly higher
than the control group’s. While a final
exam score is unarguably one measure
of learning, it is not the only—or even
best—measure. Other forms of assess-
ment need to be developed and ex-
plored, as well as other assessment
measures, such as satisfaction, atti-
tudes, and cost effectiveness.

As previously noted, more research
on the newer web-based distance-
education technologies is needed.

5 Fordham (1996) discusses using out-of-class
videos for remedial instruction. Under this de-
sign, students were allowed to check out vid-
eos and view them at their discretion. Fordham
(1996) notes that the most compelling advan-
tage of using videotape is the potential for se-
lective viewing, i.e., students could skip mate-
rial about which they were already
knowledgeable, and spend more time on top-
ics in which they needed remediation.
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According to a recent survey of distance
education in higher education institu-
tions, 57 percent of distance-education
courses in higher education were deliv-
ered by two-way interactive video-
conferencing. Interactive chat was of-
fered by 14 percent of institutions, while
22 percent offered asynchronous
Internet-based delivery (Lewis et al.
1997). Although synchronous video-
conferencing is still the dominant de-
livery method for distance education,
the survey notes that the trend is
toward more institutions offering web-
based delivery. Issues such as the indi-
vidual attributes necessary for success-
ful use of these distance-education
delivery techniques have not been ad-
dressed and may provide a fruitful area
for researchers.

Finally, care needs to be demon-
strated in the experimental design of ET
research. Many early ET studies were
plagued by problems of low power, low
sample size, lack of control groups, matu-
ration, and similar design issues. While
randomization of subjects may not
always be possible, a quasi-experimental
design can still be employed to ensure
the highest internal validity possible
under the circumstances. For higher in-
ternal validity, the ideal design is a labo-
ratory experiment such as that con-
ducted by Butler and Mautz (1996). In
controlling for as many extrane-
ous variables as possible, this experi-
mental design strengthens the link be-
tween the treatment and the outcome.

CONCLUSION

This paper synthesizes a wide spec-
trum of education literature dealing
with the use of technology in the deliv-
ery of instruction. The timeliness, rel-
evance, and importance of this subject
matter is readily apparent, as technol-
ogy is shaking the foundation of the
“brick and mortar” approach to college-
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level education. Rapidly expanding
technological advances are driving a
new instructional paradigm—the tran-
sition from physical to virtual learning
environments. If educators are to keep
the institutional walls of higher educa-
tion from crumbling down altogether,
it is imperative that they learn to har-
ness the enormous power and potential
of instructional technology. In this light,
the review and analysis of technology-
related education literature presented
in this paper may provide guidance to
accounting educators and education
researchers.

Accounting educators can use the
framework depicted in Figure 1 as a
starting point for thinking about the
type of instructional technology that is
most likely to succeed within a given
context. As illustrated, environmental,
individual, and technological factors are
critical components in making this de-
termination. For example, if the setting
is a traditional classroom and the task
is to teach rule-based accounting pro-
cedures (environmental factors), and if
the students’ accounting knowledge is
sufficient to handle the nature of such
procedures and their motivation to learn
is high (individual attributes), then
electronic transparencies may be appro-
priate. The instructor might also supple-
ment the students’ learning with intel-
ligent tutorials.

In another circumstance, assume
that the setting is a computerized class-
room and the task is to teach critical-
thinking skills by having small groups
of students solve a case. If students are
psychologically engaged in the task (i.e.,
expending considerable mental effort)
and are properly motivated, a
combination of Internet search and
hypermedia applications may be an ef-
fective solution. While the combinations
of environmental, individual, and tech-
nology considerations are too numerous
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to elaborate in this article, accounting
educators can use Figure 1 as a guide
when choosing among several instruc-
tional technologies.

Accounting education researchers
can also learn a great deal from the re-
view and analysis of educational stud-
ies presented in this paper. For example,
empirical research dealing with syn-
chronous technology where learner con-
trol is present (see Figure 1) would be
valuable to accounting educators. Re-
searchers should strive to blend into
their studies process-oriented learning
theories from cognitive psychology and
outcome-oriented theories from behav-
ioral psychology. Experimental designs,
in laboratory and classroom settings,
would be most useful in identifying
“cause-and-effect” relationships among
environmental, individual, and technol-
ogy factors. Presently, there are more
research questions than answers re-
garding the effective use of instructional
technology in accounting—a situation
that should be applauded by account-
ing education researchers.

For those searching for accounting
resources in ET, Holcomb and
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Michaelsen (1996) discuss the Center
for Educational Technology in Account-
ing (CETA) located at the University of
North Texas. The purpose of the Cen-
ter is to provide support to accounting
faculty engaged in ET education and
research issues. Another source for ac-
counting-related ET resources is Profes-
sor Robert Jensen’s Internet site, at
http://www.trinity.edu/~rjensen/
homepage.htm. Professor Jensen offers
a current commentary on hardware and
software trends, as well as links to nu-
merous technology resources.

It is important to remember that ac-
counting educators and researchers
should not jump on the latest technol-
ogy bandwagon simply because it is roll-
ing nearby. The search for excellence
in accounting education should begin
with the ultimate objective of maximiz-
ing student learning. In some instances,
“chalk and blackboard” may be the best
instructional solution. However, ac-
counting educators should continually
scan the technology horizon and incor-
porate solutions that are most likely to
maximize the ultimate educational
objective.
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