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Abstract
Interactive video in an e-learning system allows proactive and random access to video content. Our empirical study examined
the influence of interactive video on learning outcome and learner satisfaction in e-learning environments. Four different settings
were studied: three were e-learning environments—with interactive video, with non-interactive video, and without video. The
fourth was the traditional classroom environment. Results of the experiment showed that the value of video for learning
effectiveness was contingent upon the provision of interactivity. Students in the e-learning environment that provided interactive
video achieved significantly better learning performance and a higher level of learner satisfaction than those in other settings.
However, students who used the e-learning environment that provided non-interactive video did not improve either. The findings
suggest that it may be important to integrate interactive instructional video into e-learning systems.
# 2005 Elsevier B.V. All rights reserved.
Keywords: E-learning; Interactive video; Learning effectiveness

1. Introduction
Learning provides ‘‘intellectual growth that leads
to scientific reasoning, abstract thought, and formal
operations’’ [36]. As information technologies like
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virtual workspaces and digital libraries have evolved,
they have added new environments for teaching and
learning and have given rise to new areas for research.
Learning enhanced by information technologies is
gaining momentum. This is partially in response to the
demand for reduction in time-to-competency in the
knowledge-based economy, spurred by intensive
competition and globalization. Companies need to
offer effective training to employees and business
partners to ensure that they acquire new skills in a
timely manner. In academia, education must be
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delivered to remote students who do not have physical
access to the campus.
E-learning has recently become a promising alternative to the traditional classroom learning, helping
society move toward a vision of lifelong and on-demand
learning [56]. It has become one of the fastest-moving
trends [51] and aims to provide a configurable
infrastructure that integrates learning material, tools,
and services into a single solution to create and deliver
training or educational content quickly, effectively, and
economically [37]. Thousands of online courses are
now being offered. Not only can instructional material
be made available on the Internet but online collaborative learning and discussions can also occur.
Video is a rich and powerful medium being used in elearning. It can present information in an attractive and
consistent manner. Prior studies have investigated the
effect of instructional video on learning outcomes [47].
However, the instructional video used in early studies
was primarily either broadcasted through TV programs
or stored on CD-ROMs. The linear nature of such video
instructions produced inconsistent results [24].
Recent advances in multimedia and communication
technologies have resulted in powerful learning
systems with instructional video components. The
emergence of non-linear, interactive digital video
technology allows students to interact with instructional
video. This may enhance learner engagement, and so
improve learning effectiveness. A major ‘media
attribute’ of interactive video is random access to
video content [45]—users can select or play a segment
with minimal search time. The concept is not new but is
taking on new forms. However, the effect of interactive
video on e-learning is still not well understood.
In our research, we mainly focused on investigating
the impact of interactive video on e-learning effectiveness through an empirical study. Learning by
asking (LBA), a multimedia based e-learning system,
integrates multimedia instructional material including
video lectures, PowerPoint slides, and lecture notes.
The LBA system promotes high levels of interaction
by allowing learners to access individual video
segments directly. In our empirical study, there were
four different learning settings:
1. an e-learning environment with interactive video;
2. an e-learning environment with non-interactive
video;

3. an e-learning environment without instructional
video; and
4. the traditional classroom.
The learning outcomes and levels of learning satisfaction in each setting were collected and analyzed to
yield a better understanding of how interactive video
can be used to improve e-learning.

2. Theoretical foundation
2.1. Constructivist learning theory
Constructivists view learning as a formation of
abstract concepts in the mind to represent reality. They
posit that learning occurs when a learner constructs
internal representations for his or her unique version of
knowledge [50]. Constructivism argues that interactive activities in which learners play active roles can
engage and motivate learning more effectively than
activities where learners are passive. Individuals are
assumed to learn better when they discover things by
themselves and when they control the pace of learning
[26]. Therefore, it is natural to expect that selfdirected, interactive learning would improve learning
outcome.
Constructivists put more emphasis on engaging
students in the process of learning than on finding a
correct answer. Many constructivists call for richer
learning environments that contrast with the typical
less interactive classroom environments relying on
instructors, textbooks, and lectures. Graphics, video,
and other media can help by interesting and engaging
learners. Brandt [9] suggested that constructivism
should be a basis for Web-based learning. Web-based
education supported by the constructivist theory
should thus enable learners to engage in interactive,
creative, and collaborative activities during knowledge construction.
2.2. Cognitive information processing theory
Cognitive information processing theory is an
extension of the constructivist model, based on a
model of memory. It proposes processes and structures
through which an individual receives and stores
information and focuses on cognitive processes during
learning; these involve processing instructional input
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to develop, test, and refine mental models until they
are sufficiently elaborated and reliable to be effective
in novel problem-solving situations. The frequency
and intensity with which a student is challenged to
process and use instructional input should then
determine the pace of learning.
A major assumption of the cognitive learning
model is that a learner’s attention is limited and
therefore selective. With more interactive and richer
media available, a learner who prefers an interactive
learning style has more flexibility to meet individual
needs. Based on this, we assume that an instructional
method that provides a greater variety of interactions
and richer media should be more effective.

3. E-learning
3.1. Video-supported e-learning
Extensive research has shown that students benefit
from e-learning [5,25,39]. Some of the benefits are
that it:
 provides time and location flexibility;
 results in cost and time savings for educational
institutions;
 fosters self-directed and self-paced learning by
enabling learner-centered activities;
 creates a collaborative learning environment by
linking each learner with physically dispersed
experts and peers;
 allows unlimited access to electronic learning
material; and
 allows knowledge to be updated and maintained in a
more timely and efficient manner.
Video allows students to view actual objects and
realistic scenes, to see sequences in motion, and to
listen to narration. The Virtual Classroom project at
NJIT uses asynchronous learning networks plus videotaped lectures to evaluate effectiveness of online
courses required for bachelor’s degrees in information
systems and computer science. Students who have
completed online courses tended to do as well as those
in traditional classrooms, although more online
students withdrew or took an incomplete grade.
Carnegie Mellon University’s just-in-time lecture
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project (http://www.jitl.cs.cmu.edu) suggests that
video-based education and training systems support
the same level of teaching and learning effectiveness
as face-to-face instruction. A study probed students’
learning effectiveness in a Web environment by
comparing learning outcome in traditional instruction
versus that in an e-learning environment featured
with an asynchronous live switched video with
PowerPoint presentation stream [33].
Despite previous efforts, several aspects of
instructional video in e-learning have not yet been
well investigated. A major problem with the use of
instructional video has been lack of interactivity [15].
In most e-learning systems, learners cannot directly
jump to a particular part of a video. Browsing a noninteractive video is more difficult and time consuming
than browsing a textbook, because people have to view
and listen to the video sequentially and thus searching
for a specific portion remains a linear process.
We here define interactive video as the use of
computer systems to allow proactive and random
access to video content based on queries or search
targets. Scholarly reports have criticized the
pedagogical approaches that focus on conveying fixed
bodies of information and view students as passive
recipients of knowledge [2]. If learners can determine
what to construct or create, they are more likely to
engage in learning [46]. Interactive video increases
learner-content interactivity, thus potentially motivating students and improving learning effectiveness.
Having video in small chunks that are well-indexed,
and easily manipulated and incorporated into lessons
is the first step to realizing its potential [29]. The
LBA system used in our experiment used video that
was logically segmented into small clips based on
content. We have searched for but not found e-learning
studies that have investigated the impact of interactive
video.
3.2. The learning by asking (LBA) system
LBA is a multimedia-integrated e-learning system
developed for our research. In order to increase the
interactivity and have learners more engaged, the LBA
system was designed and implemented to provide an
interactive and personalized online learning environment enabling self-paced, anywhere, just-in-time
knowledge acquisition.
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Fig. 1. The interactive e-classroom of the LBA system.

In this empirical study, students in e-learning
groups used the interactive e-classroom sub-system
embedded in the LBA system [55]. A student can
watch a lecture with integrated instructional video,
PowerPoint slides, and lecture notes (Fig. 1). S/he can
see the video of the instructor, hear what he or she
says, and read associated slides and lecture notes.
These instructions are synchronized; thus, while an
instructional video is playing, the LBA system can
automatically present corresponding slides and lecture
notes.
In order to provide interactive video, logic
segmentation of the instructional video was performed. Each video clip explains an individual slide. If
the learner does not interact, the whole lecture will
automatically ‘flow’ from beginning to end. However,
the learner can perform interactive operations at any
time by pressing the control buttons at the top of the
interface. For example, he or she can click the ‘Next’
button to skip the current video clip/slide/note or to
press the ‘Prev’ button to go back. When he or she
moves the mouse over the ‘Content’ button, a pulldown menu will display a hierarchical content index of
this lecture. The subject can then directly jump to any
particular video clip/slide/note by clicking a sub-topic
(i.e., random access to video content). As a result,
interactive video eliminates the linearity of traditional
video.

In the LBA system, video is delivered from a video
streaming server. It can be played as soon as a small
portion is received by the client computer rather than
after entire video is downloaded. A Web server, on
which most of the information processing takes place,
holds metadata of video and other instructional
material. The metadata contains a variety of descriptive information about video clips, such as titles,
speakers, keywords, and starting/ending time, etc.

4. Development of hypotheses
Our major research question was: does interactive
video enhance the learner’s understanding and
improve learning effectiveness? The dependent variables were learning effectiveness, as measured by
students’ test scores, and perceived learner satisfaction, as measured by a survey instrument.
Interactivity is considered desirable and it is
assumed that it can positively affect the effectiveness
of education [21]. Increasing interactivity in an elearning environment can reinforce concepts learnt and
provide the ability for on-demand learning. However,
there has not been empirical evidence to support these
assumptions. There are three types of interaction:
learner–instructor interaction, learner–learner interaction, and learner–content interaction [32]. There has
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been some research on the effect of learner–instructor
and learner–learner interactions so we primarily
focused on assessing the impact of learner–content
interaction enhanced by interactive video.
Video is a powerful and expressive non-textual way
to capture and present information [16]. It provides a
multi-sensory learning environment that may improve
learners’ ability to retain information [49]. A number
of studies examined whether the learning outcome is
affected by the concurrent presentation of visual and
verbal information in video but they generated mixed
results. The video used in those studies was noninteractive. Some suggested that video can enhance
learning outcomes due to vivid and fascinating
presentations; e.g., Nugent [35] compared several
components of video presentations and generally
found better retention for stories presented via the
combination of visual and auditory information than
those presented via a single information source. On the
other hand, other studies reported little impact of
video on learning outcome [14,30]. However, those
studies did not use online video. Although research
suggests that instructional video increase learners’
interest in subject matters and motivation of learning
[53], the linearity of non-interactive video may
severely reduce this potential effect.
Interactive video has not been widely used in elearning until recently due to limitations of network
bandwidth and multimedia technology. Interactive
video can help entice learners to pay full attention to
learning material through active interaction between
learners and instructional video [1,52]. It provides
effective means to view actual objects and realistic
scenes. Particularly, interactive video in an e-learning
environment not only provides visual and verbal cues
but also enables learners to view any video portion as
many times as they want. Therefore, we hypothesize
that interactive video will improve learning outcome.
The first hypothesis was:
H1a. Students who use the LBA e-learning environment with interactive instructional video will achieve
better test scores than do students who use it without
instructional video.
A number of studies have indicated that the overall
learning outcome of e-learning with instructional
video is either equal or superior to that of traditional
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classroom learning [7,19]. However, the impact of
interactive video on learning effectiveness has been
largely neglected. In comparison to traditional classroom learning, e-learning with interactive video offers
several distinct advantages:
1. It allows online learners to watch in-class activities
and listen to instructors repeatedly as needed,
while, in a traditional classroom, students may not
be able to ask instructors to repeat what they do not
understand. Therefore, interactive video may
provide better support to learners for understanding
the learning material and enhances self-paced
learning.
2. It enables random content access, which is
expected to increase learner engagement [3,57],
thus improving learning outcome and satisfaction.
3. It can increase the attention, involvement, and
subsequent learning through individualized learning [17]. Traditional classroom learning is more
instructor-centered, with controlled teaching pace
and content. Students may easily lose attention
when they do not follow the instructor.
Therefore, we propose that students in e-learning environments with interactive video can outperform
those in traditional classrooms. So our second hypothesis was:
H1b. Given the same amount of instructional time,
the test scores of students in the LBA e-learning
environment with interactive instructional video will
be better than those of students in the traditional faceto-face classroom.
In an e-learning environment, students and instructors are physically separated. Increased student engagement can improve learning outcome, such as promoting
problem solving and critical thinking skills. Studies
have suggested that learner engagement is higher
with interactive than passive multimedia instruction:
higher interactivity can lead to higher learner engagement [10] and better learning outcome [11,34].
Although some prior studies that used TV broadcast or video players reported learning outcomes
comparable to those of a traditional classroom [18], an
important pedagogical consideration, the ability to
meet the learning needs of individual students, is
severely limited by lack of interactivity. The limitation
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of linear video-playing processes can prohibit
improvement of learning effectiveness.
Interactive video provides strong student motivation
and engagement [44]. An interactive video-based
learning system can be perceived as facilitating a
constructivist learning environment [48]. Interactive
video reduces limitations by providing control over the
learning process and aid in the self-construction of
competency of learning goals that result in greater
performance [8]. Past research shows that learning
achievement comparisons favor interactive over linear
video [13,38]. Therefore, we hypothesize that an elearning setting providing interactive video will help
learners achieve better learning outcome. So our third
hypothesis was:
H1c. Students who use the LBA e-learning environment that provides interactive video will achieve better
test scores than do those in the LBA e-learning
environment that presents non-interactive video.
Degrees of learner satisfaction have been widely
used to evaluate the effectiveness of e-learning. Elearning environments differ substantially from traditional classroom environments. The adoption and
success of this technology depends on learners’
acceptance of this learning format.
It has been shown that students find video material
attractive, leading to higher degrees of satisfaction
[42]. Interestingly, most prior studies, regardless of the
use of interactive [22] or non-interactive video [40],
reported higher levels of learner satisfaction than
learning without video. Hence, we proposed:
H2a. Students who use the LBA e-learning environment that provides interactive instructional video will
report higher levels of satisfaction than will those
using the LBA e-learning environment without
instructional video.
H2b. Students in the LBA e-learning environment
that provides non-interactive instructional video will
report higher levels of satisfaction than will those
using the LBA e-learning environment without
instructional video.

reported higher levels of subjective satisfaction with
e-learning than with the traditional classroom learning
[20]. They especially liked the flexibility and selfpaced process. When an e-learning environment
provides interactive video, the higher degree of
process control can positively influence the effectiveness of knowledge transfer and lead to higher selfsatisfaction [31].
In other studies, however, students were reported
less satisfied [43]; e.g., Maki et al. [28] reported that
students in the traditional classroom rated satisfaction
higher than those in e-learning environments. A
possible explanation is that students may experience
frustration or anxiety during online learning [54].
They are accustomed to traditional classroom learning
and when confronted with new technology-intensive
learning environments, they tend to have negative
attitudes that lessen but do not disappear over time. In
light of those contradictory arguments, our sixth
hypothesis was exploratory and non-directional:
H2c. Students who use the LBA e-learning environment that provides interactive instructional video will
report different levels of learning satisfaction than do
students in the traditional classroom.
Prior research linked higher levels of learner
control and interactivity with increased student
satisfaction [6]. Interactive e-learning environments
that provide more exploration and interactivity
capabilities can lead to higher degrees of learner
satisfaction [23]. They give learners more control over
both learning content and process to meet their
individual learning needs. Therefore, we propose the
final hypothesis:
H2d. The satisfaction levels reported by students who
use the LBA e-learning environment that provides
interactive instructional video will be higher than
those reported by students in the LBA e-learning
environment that presents non-interactive video.

5. Methodology
5.1. Research design

Previous studies have reported mixed results about
learners’ satisfaction with e-learning. Some found that
students were satisfied in general [4]. Students

We conducted an experiment using the LBA system
as the e-learning environment to test our hypotheses.
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Table 1
Groups and treatments in the experiment
Groups

Learning environments

Group sizes

1
2
3
4

The
The
The
The

35
35
34
34

LBA system that provided interactive instructional video
LBA system that presented instructional video through VCR-type of video player (non-interactive video)
LBA system that did not provide any instructional video
traditional classroom environment where the lecture was offered in the traditional manner

Each subject participated in the study was randomly
assigned to one of four groups, which was then
randomly assigned to one of the four treatments (see
Table 1).
Many studies in computer-aided learning have used
a single session as the unit of analysis [41]. We argue
that there is a trade-off between using a single session
and using a sequence of multiple sessions. Although
the longitudinal approach can mitigate a potential
problem of the first approach, which the limited
duration of the experiments may be partially
responsible for the lack of convergent findings, it
has its own problems: it is difficult to control and
monitor learning activities of subjects. For example,
few longitudinal studies have reported or compared
the time spent by learners. If e-learning students spend
much more time on mastering the material than
traditional classroom students, then even if their test
scores may not differ significantly, it does not mean
that e-learning is as effective as classroom learning. In
general, the experimental control difficulty may lead
to problems while separating and interpreting effects
of various e-learning environmental factors on
learning effectiveness. Therefore, we chose a single
lecture session in our study.
While the traditional classroom group took the
lecture in a regular classroom, e-learning groups
participated in a research laboratory at different time
slots within the same day. The lab was equipped with
30 workstations with high-speed Internet connection
and with all the necessary software already installed.
Each subject had his/her own computer connected
with a headphone set to be able to listen to the
soundtrack of the video without disturbing others.
Although e-learning subjects took the online lecture
using the LBA system, the system interface for each elearning group was manipulated to be slightly different
from each other. The interface of the LBA system for
Group 1 (with interactive video) allowed subjects to
interact with video through control buttons. By

removing the control buttons, it became the interface
for Group 2 (with non-interactive video). Subjects in
this group could still use the ‘stop’ and ‘pause’ buttons
provided by the Real Player, as well as fast-forward or
rewind function by dragging the scroll bar. However,
the latter was not of much help for efficiently locating a
specific segment of the video due to the loss of audio
track and few scene changes in the instructional video.
The LBA system used by Group 3 presented only
PowerPoint slides and lecture notes but without video.
Group 4 (traditional classroom group) took the lecture
in a traditional format without using the system.
Because the focus of this study was individual
learning, rather than collaborative learning, and
because we wanted to control possible confounding
factors, learners were not allowed to use emails or an
online discussion forum embedded in the LBA system
to communicate during the experiment.
5.2. Subjects
Like most e-learning studies, undergraduate students were chosen as subjects [27]. We recruited 138
undergraduate students from a large university located
in the south-west of the United States. Students were
clearly informed that this experimental study was
provided as a bonus assignment of the course, and they
could participate in it on a voluntary basis. In order to
encourage serious participation, the instructor agreed to
offer up to 5 extra credits (5% with respect to their total
course grades) to participants based on their individual
performance. Participants were recruited from multiple
sessions of an introductory course in MIS. Subjects
came from seven departments across the campus, such
as MIS, electrical engineering, communications, and
arts. They were either freshmen (92%) or sophomores
(8%). Fifty nine percent of the subjects were male.
Because the objective of this study was mainly to
investigate the effect of interactive video on learning
effectiveness, learner characteristics were not con-

22

D. Zhang et al. / Information & Management 43 (2006) 15–27

sidered as independent variables; the study depended
on random distribution of participants across treatments to balance out individual differences. Participants completed a preliminary survey two weeks
before the experiment to provide their demographic
information such as age, GPA, computer experience,
and prior experience of e-learning. A series of analysis
did not find significant difference among four groups
on those dimensions. The average age of participants
was less than 21 (90%). None of participants had any
previous experience with e-learning. Therefore, we
could assume homogeneity of pre-experiment skills,
e-learning experience, and learner characteristics
among groups. Such subject homogeneity avoided
complicated effects potentially caused by disparate
characteristics of heterogeneous learners.
5.3. The lecture content
The lecture topic in the experiment was Internet
search engines, a part of the Internet technology section
in the course syllabus. Therefore, we avoided the
problem of asking subjects to learn a subject matter that
was outside their course. The lecture introduced basic
concepts of information retrieval, different types of
search engines, and explained how search engines
work.
The instructor in the traditional classroom group
also prepared the online instructions in advance,
including a videotaped lecture, slides, and lecture
notes, which were processed and stored in an online
knowledge repository for the e-learning groups. When
giving the lecture to the traditional classroom group,
the instructor taught the same content as he did in the
instructional video.
5.4. The procedure
Subjects in all e-learning groups went through the
same procedure:
(1) Introduction: At the start of each session, the
objective and procedure of the experiment were
clearly described.
(2) Pre-test: Subjects took a written pre-lecture test,
which included a number of true–false and
multiple-choice questions. The questions were
about basic concepts that the lecture would

introduce. The purpose of this test was to examine
how much a subject already knew about the topic.
No significant differences in pre-test scores
among the four treatment groups were discovered.
(3) Learners who were to use the LBA system
received about 5 min of training during which
they saw a brief live demonstration about how to
watch an online lecture using the LBA system.
They were given the same amount of time to
familiarize themselves with the system. The
system had been designed and implemented with
an easy-to-use interface and no participant
reported any difficulty in using it.
(4) Online lecture session: After all participants
understood how the system worked, they were
given 50 min to watch the online lecture. The
instructional video, which was prepared in
advance, lasted about 29 min. This gave participants extra time to review the learning material.
There were 20 slides in this lecture.
(5) Post-test and questionnaire: At the end of each
session, participants were given another written
exam, consisting of objective questions (with
standard answers) about the lecture content, such
as calculating TF-IDF values of terms in a
document and describing three basic approaches
to searching the Web. The question types in the
post-test were similar to those in the pre-test, but
questions were more specific and difficult. After
the test, each participant was required to fill out a
questionnaire to assess his or her perceived
satisfaction and to give feedback on the system
and their learning experience.
Both pre- and post-tests were closed book, closed
notes. During e-learning sessions, participants could
take notes but they were not allowed to discuss issues
with each other, thus eliminating the influence of peer
interaction on individual performance. The potential
test scores ranged from 0 to 50. The duration of the
lecture session and tests were the same for all e-learning groups.
The traditional classroom group was given the
same lecture. The content of the real-time lecture was
controlled to ensure its consistency with that of the
online lecture. Participants in the classroom group
went through the same procedure as that of e-learning
groups, except that the steps 3 and 4 were replaced by
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a 50 min regular in-class lecture and review session.
They were allowed to ask questions about the lecture
content as usual.
Each participant was given a hard copy of the
PowerPoint slides at the beginning of each session.
The learning outcome was measured by the difference
between individual post- and pre-test scores (represented as ‘post-gain’). The pre- and post-tests were
graded by two graduate teaching assistants who knew
nothing about the experimental treatments. In the
questionnaire, participants were asked to rate their
satisfaction with learning effectiveness using a 7-point
Likert scale, ranging from extremely dissatisfied (1) to
extremely satisfied (7), as well as to provide open
comments on the system.

6. Analyses and results
Scores of both pre- and post-tests were examined
for ceiling and floor effects; none was found.
During the experiment, the LBA system also
automatically captured every learner-content interactive operation (control-button click by each
subject) in the e-learning group with interactive
video. The average number of random content access
was 7.3 per participant.
Table 2 shows the means and standard deviations of
learning outcomes of students in different experimental groups. We performed a one-way, betweensubjects analysis of variance (ANOVA), with differences between pre- and post-test scores (post-gain) as
the dependent variable and experimental treatment as
the independent variable. The results indicate that
there is significant difference among the group means
( F(3, 134) = 9.916, P = 0.00).
Results of a post-hoc Tukey test are shown
in Table 3; they show that the post-gain of the
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Table 3
Mean differences (P-values) between groups on learning outcome
(post-gain)
Groups

2

3

4

1
2
3

6.49 (0.005)**

7.41 (0.001)**
0.92 (0.967)

10.47 (0.00)**
3.98 (0.184)
3.06 (0.417)

**

The mean difference is significant at the 0.01 level.

e-learning group with interactive video that allowed random content access (group 1) was significantly higher than that of the other three groups.
Therefore, hypotheses H1a, H1b, and H1c received
support.
In addition, there was no statistically significant
difference in the post-gain between the e-learning
group with non-interactive video (group 2) and the elearning group without any video (group 3). This
implies that the interactive video with random
content access may help students enhance understanding of the material and achieve better performance, while non-interactive video may have little
effect.
Table 4 lists the means and standard deviations of
satisfaction levels of all groups. The results of a oneway ANOVA analysis reveal significant difference

Table 4
Descriptive statistics of learner satisfaction
Groups

Means

Standard
deviations

N

E-learning group with
interactive video (1)
E-learning group with
non-interactive video (2)
E-learning group without
instructional video (3)
Traditional classroom group (4)

6.46

0.56

35

5.94

0.84

35

5.74

0.75

34

5.03

0.67

34

Table 2
Descriptive statistics of learning outcome in different treatments
(post-gain)

Table 5
Mean differences (P-values) between groups on satisfaction

Groups

Groups

2

3

4

1
2
3

0.51 (0.014)*

0.72 (0.00)**
0.21 (0.621)

1.43 (0.00)**
0.91 (0.00)**
0.71 (0.00)**

E-learning group with interactive video (1)
E-learning group with linear video (2)
E-learning group without any video (3)
Traditional classroom group (4)

Means
34.1
27.7
26.7
23.7

Standard
deviations
8.87
8.85
10.02
8.79

*
**

The mean difference is significant at the 0.05 level.
The mean difference is significant at the 0.01 level.
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among the group means by satisfaction levels ( F(3,
134) = 23.696, P = 0.00). Table 5 presents the results
of a post-hoc Tukey test.
The post-hoc Tukey test revealed that students in
the e-learning group with interactive video that
allowed random content access (group 1) reported
significantly higher levels of satisfaction than any of
the other three groups. Therefore, hypotheses H2a,
H2c, and H2d are supported. Students in all three elearning groups had significantly higher levels of
satisfaction than those in the traditional classroom
group (group 4). However, students in the e-learning
group with non-interactive video (group 2) had
equivalent levels of satisfaction to those in the elearning group without any video (group 3)
(P = 0.62), so H2b is not supported.

7. Discussion
The tests supported our hypotheses on the positive
effects of interactive video on both learning outcome
and learner satisfaction in e-learning. Our findings
provide some insights on how to present instructional
video in an e-learning environment in order to
achieve higher effectiveness.
Students in the LBA group with non-interactive
video achieved equivalent test scores and levels of
satisfaction to those in the e-learning group without
video. This implies that simply integrating instructional video into e-learning environments may not be
sufficient to improve the e-learning effectiveness.
Daily has argued: ‘‘One of multimedia’s strongest
contributions to learning is increased visualization’’
[12]. Our findings confirm those of previous research
that the use of linear instructional video in education
does not always have positive effect. Video may lead
to better learning outcome, but results are contingent
upon the way it is used.
Many participants in the group 1 reported in their
questionnaires that they liked the capability of
interacting with multimedia instructions the most.
In the meantime, a number of students in the noninteractive group commented on the difficulty of
efficiently skipping or browsing for a specific portion
of the video. As a result, some were reluctant to rewatch the video when they failed to understand the
content. This study provides some empirical evidence

to the importance of interactivity of video instructions
in e-learning.
This study has several limitations. First, the scope
of the study was limited: the success with e-learning
may vary by content and some topics or courses may
be better-suited to e-learning than others. Second, this
experiment examined a single class session. Further,
longitudinal studies can examine whether the identified effects can be obtained throughout an entire
course. Third, we used undergraduate students in an
American university, who were appropriate for this
e-learning research. Results should be generalizable
across populations. However, currently, we cannot
offer empirical support that they do.
Although the findings in this study are encouraging,
we are not in a position to claim that interactive videobased e-learning is always superior to traditional
classroom learning. The value of e-learning may
depend on many factors, including learners, instructors, technology (e.g., e-learning environments themselves), production values, and content. However, this
study does show that, under certain circumstances,
interactive e-learning can produce better results than
other methods.

8. Conclusion
Researchers have reported mixed results with
deploying multimedia e-learning systems. Our study
demonstrated that simply incorporating video into elearning environments may not always be sufficient to
improve learning. Interactive video that provides
individual control over random access to content may
lead to better learning outcomes and higher learner
satisfaction. The study offered an explanation for
inconsistent findings reported in previous studies. It
suggests that interactivity can be a valuable means to
improve learning effectiveness in e-learning environments.

References
[1] H.W. Agius, M.C. Angelides, Developing knowledge-based
intelligent multimedia tutoring systems using semantic content-based modeling, Artificial Intelligence Review 13(1),
1999, pp. 55–83.

D. Zhang et al. / Information & Management 43 (2006) 15–27
[2] M. Alavi, Computer-mediated collaborative learning: an
empirical evaluation, MIS Quarterly 18(2), 1994, pp. 159–
174.
[3] M. Alavi, D. Leidner, Technology-mediated learning: a call for
greater depth and breadth of research, Information Systems
Research 12(1), 2001, pp. 1–10.
[4] F. Amir, S.M. Iqbal, M. Yasin, Effectiveness of cyberlearning, in: Proceedings of the 29th ASEE/IEEE Frontiers
in Education Conference, San Juan, Puerto Rico, 1999, pp.
13a2-7–13a2-12.
[5] N.A. Baloian, J.A. Pino, H.U. Hoppe, A teaching/learning
approach to CSCL, in: Proceedings of the 33rd Hawaii
International Conference on Systems Sciences, 2000, pp.
447–456.
[6] D. Bargeron, A. Gupta, J. Grudin, E. Sanocki, F. Li, Asynchronous collaboration around multimedia and its application
to on-demand training, in: Proceedings of the 34th Annual
Hawaii International Conference on System Sciences, Hawaii,
USA, 2001.
[7] A. Bento, Developing a class session using audio and video
streaming, in: M. Khosrowpour (Ed.), Web-based Learning
and Teaching Technologies: Opportunities and Challenges,
Idea Group Publishing, Hershey, PA, 2000.
[8] Z.L. Berge, Active, interactive, and reflective e-learning, The
Quarterly Review of Distance Education 3(2), 2002, pp. 181–
190.
[9] D.A. Brandt, Constructivism: teaching for understanding of the
Internet, Communications of the ACM 40(10), 1997, pp. 112–
117.
[10] P. Chapman, S. Selvarajah, J. Webster, Engagement in multimedia training systems, in: Proceedings of the 32nd Hawaii
International Conference on System Sciences, Maui, HI, USA,
1999.
[11] C. Chou, Student interaction in a collaborative distance-learning environment: a model of learner-centered computermediated interaction, unpublished Ph.D. thesis, The University
of Hawaii, 2001.
[12] B. Daily, Multimedia and its impact on training engineers,
International Journal of Human-Computer Interaction 6(2),
1994, pp. 191–204.
[13] D.W. Dalton, M.J. Hannafin, The effects of knowledge-versus
context-based design strategies on information and application
learning from interactive video, Journal of Computer Based
Instruction (14) 1987, pp. 138–141.
[14] A. Dillon, R.B. Gabbard, Prepared to be shocked: hypermedia
does not improve learning! in: Proceedings of the Fifth Americas Conference on Information Systems, Milwaukee, WI,
1999, pp. 369–371.
[15] R. Hadidi, C. Sung, Students’ acceptance of Web-based course
offerings: an empirical assessment, in: Proceedings of the
AMCIS Conference, Baltimore, MD, 1998.
[16] A. Hampapur, R. Jain, Video data management systems:
metadata and architecture, in: W. Klas, A. Sheth (Eds.), Multimedia Data Management, McGraw-Hill, New York, 1998 ,
(Chapter 9).
[17] M.J. Hannafin, Empirical issues in the study of computerassisted interactive video, ECTJ 33(4), 1985, pp. 235–247.

25

[18] R. Hiltz, The Virtual Classroom1 and the Virtual University at
New Jersey Institute of Technology, Report, New Jersey
Institute of Technology, 2001.
[19] S.R. Hiltz, M. Turoff, What makes learning networks effective? Communications of the ACM 45(4), 2002, pp. 56–59.
[20] S.R. Hiltz, B. Wellman, Asynchronous learning networks as a
virtual classroom, Communications of the ACM 40(9), 1997,
pp. 44–49.
[21] D. Jonassen, M. Davidson, M. Collins, J. Campbell, B.B. Haag,
Constructivism and computer-mediated communication in
distance education, The American Journal of Distance Education 9(2), 1995, pp. 7–26.
[22] M. Kearney, D.F. Treagust, Constructivism as a referent in
the design and development of a computer program using
interactive digital video to enhance learning in physics,
Australian Journal of Educational Technology 17(1), 2001,
pp. 64–79.
[23] M. Khalifa, R. Lam, Web-based learning: effects on learning
process and outcome, IEEE Transactions on Education 45(4),
2002, pp. 350–356.
[24] R. Kozma, Implications of instructional psychology for the
design of educational television, Educational Communication
and Technology 34(1), 1986, pp. 11–19.
[25] A. Kumar, P. Kumar, S.C. Basu, Student perceptions of
virtual education: an exploratory study, in: Proceedings of
the 2001 Information Resources Management Association
International Conference, Toronto, Ontario, Canada, 2001,
pp. 400–403.
[26] D.E. Leidner, S. Jarvenpaa, The use of information technology
to enhance management school education: a theoretical view,
MIS Quarterly 19(3), 1995, pp. 265–291.
[27] J. Lu, C. Yu, C. Liu, Learning style, learning patterns, and
learning outcomes in a WebCT-based MIS course, Information
& Management 40(6), 2003, pp. 497–507.
[28] R.H. Maki, W.S. Maki, M. Patterson, P.D. Whittaker, Evaluation of a Web-based introductory psychology course: learning
and satisfaction in online versus lecture courses, Behavior
Research Methods, Instruments, and Computers 32(2),
2000, pp. 230–239.
[29] G. Marchionini, Video and learning redux: new capabilities
for practical use, Educational Technology 43(2), 2003, pp. 36–
41.
[30] V.W. Mbarika, C.S. Sankar, P.K. Raju, J. Raymond, Importance of learning-driven constructs on perceived skill development when using multimedia instructional materials, The
Journal of Educational Technology Systems 29(1), 2001, pp.
67–87.
[31] M.D. Merrill, Instructional Design Theory, Educational Technology Publications, Englewood Cliffs, NJ, 1994.
[32] M.G. Moore, Three types of interaction (Editorial), The American Journal of Distance Education 3(2), 1989, pp. 1–6.
[33] C. Morales, C. Cory, D. Bozell, A comparative efficiency study
between a live lecture and a Web-based live-switched multicamera streaming video distance learning instructional unit, in:
Proceedings of the 2001 Information Resources Management
Association International Conference, Toronto, Ontario,
Canada, 2001, pp. 63–66.

26

D. Zhang et al. / Information & Management 43 (2006) 15–27

[34] P. Northrup, A framework for designing interactivity into Webbased instruction, Educational Technology 41(2), 2001, pp.
31–39.
[35] G.C. Nugent, Pictures, audio, and print: symbolic representation and effect on learning, Education Communication and
Technology Journal 30(3), 1982, pp. 163–174.
[36] M. O’Loughlin, Rethinking science education: beyond Piagetian constructivism toward a sociocultural model of teaching
and learning, Journal of Research in Science Teaching 29(8),
1992, pp. 791–820.
[37] C.-S. Ong, J.-Y. Lai, Y.-S. Wang, Factors affecting engineers’
acceptance of asynchronous e-learning systems in high-tech
companies, Information & Management 41(6), 2004, pp. 795–
804.
[38] T.L. Phillips, M.J. Hannafin, S.D. Tripp, The effects of practice
and orienting activities on learning from interactive video,
Educational Communication and Technology Journal 36(2),
1988, pp. 93–102.
[39] G. Piccoli, R. Ahmad, B. Ives, Web-based virtual learning
environments: a research framework and a preliminary assessment of effectiveness in basic IT skills training, MIS Quarterly
25(4), 2001, pp. 401–426.
[40] P. Piotrow, O. Khan, B. Lozare, S. Khan, Health communication programs: a distance-education class within the
John Hopkins University School of Public Health
Distance Education Program, in: M. Khosrowpour (Ed.),
Web-based Learning and Teaching Technologies: Opportunities and Challenges, Idea Group Publishing, Hershey, PA,
2000.
[41] T.C. Reeves, Pseudoscience in computer based instruction: the
case of learner control research, Journal of Computer-Based
Instruction 20(2), 1993, pp. 39–46.
[42] H. Ritchie, T.J. Neyby, Classroom lecture/discussion vs. live
televised instruction: a comparison of effects on student performance, attitude, and interaction, The American Journal of
Distance Education 3(3), 1989, pp. 36–45.
[43] J.C. Rivera, M.K. McAlister, A comparison of student outcomes and satisfaction between traditional and Web based
course offerings, in: Proceedings of the 2001 Information
Resources Management Association International Conference,
Toronto, Ontario, Canada, 2001, pp. 770–772.
[44] M.D. Roblyer, J. Edwards, Integrating Educational Technology Into Teaching, Prentice Hall, Upper Saddle River, NJ,
2001.
[45] G. Salomon, D. Perkins, T. Globerson, Partners in cognition:
extending human intelligence with intelligent technologies,
Educational Researcher 20(3), 1991, pp. 2–9.
[46] Y. Shang, H. Shi, S.-S. Chen, An intelligent distributed environment for active learning, ACM Journal of Educational
Resources in Computing (JERIC) 1(2), 2001.
[47] C. Sorensen, D.M. Baylen, Interaction in interactive television
instruction: perception versus reality, in: Proceedings of the
Annual Meeting of the American Educational Research Association, Montreal, Quebec, Canada, 1999.
[48] D. Squires, Educational software for constructivist learning
environments: subversive use and volatile design, Educational
Technology 39(3), 1999, pp. 48–54.

[49] M.R. Syed, Diminishing the distance in distance education,
IEEE Multimedia 8(3), 2001, pp. 18–21.
[50] M.-H. Tsay, G. Morgan, D. Quick, Predicting student’s ratings
of the importance of strategies to facilitate self-directed distance learning in Taiwan, Distance Education 21(1), 2000, pp.
49–65.
[51] Y.-S. Wang, Assessment of learner satisfaction with asynchronous electronic learning systems, Information & Management
41(1), 2003, pp. 75–86.
[52] T.J. Weston, L. Barker, Designing, implementing, and evaluating web-based learning modules for university students,
Educational Technology 41(4), 2001, pp. 15–22.
[53] C.D. Wetzel, R.H. Radtke, H.W. Stern, Instructional Effectiveness of Video Media, Lawrence Erlbaum Associates,
Hillsdale, NJ, 1994.
[54] B.G. Wilson, Constructivist Learning Environments: Case
Studies in Instructional Design, Educational Technology
Publications, Englewood Cliffs, NJ, 1996.
[55] D. Zhang, Virtual mentor and the learning by asking system—
towards building an interactive, personalized, and intelligent
multimedia-integrated e-learning environment, Journal of
Computer Information Systems XLIV(3), 2004, pp. 35–43.
[56] D. Zhang, J.L. Zhao, L. Zhou, J. Nunamaker, Can e-learning
replace traditional classroom learning—evidence and implication of the evolving e-learning technology, Communications of
the ACM 47(5), 2004, pp. 75–79.
[57] D. Zhang, L. Zhou, Enhancing e-learning with interactive
multimedia, Information Resource Management Journal
16(4), 2003, pp. 1–14.
Dongsong Zhang is an assistant professor in the Department of Information
Systems at the University of Maryland,
Baltimore County. He received a PhD in
management information systems from
the University of Arizona. His research
interests include multimedia-based elearning, information retrieval and filtering, mobile computing, and text mining.
His work has been published in the Communications of the ACM, IEEE Transactions on Multimedia, IEEE
Transactions on Systems, Man, and Cybernetics, IEEE Transactions
on Professional Communication, Decision Support Systems, among
others.
Lina Zhou is an assistant professor in the
Department of Information Systems at
the University of Maryland, Baltimore
County. She received a PhD in computer
science from Peking University, Beijing,
China. Her research interests are in the
area of Semantic Web, computermediated communication, deception
detection, and text mining. She has published research articles in Journal of
Management Information Systems, Communications of the ACM,
IEEE Transactions on Systems, Man, and Cybernetics, IEEE Transactions on Professional Communication, among others.

D. Zhang et al. / Information & Management 43 (2006) 15–27
Robert O. Briggs is director of Innovation for GroupSystems.com and associate
professor of Systems Engineering at Delft
University of Technology. He is also
research coordinator for the Center for
the Management of Information at the
University of Arizona. He researches
the cognitive foundations of collaboration
and learning, and applies his findings to
the development and deployment of new
technologies and processes. He earned a PhD from the University of
Arizona in 1994.

27

Jay F. Nunamaker is Regents & Soldwedel Professor of MIS, Computer
Science and Communication, and the
director of the Center for the Management of Information at the University of
Arizona. He received his PhD in operations research and systems engineering
from Case Institute of Technology. Dr.
Nunamaker’s research areas include collaboration technology, deception detection, and knowledge management. He has published numerous
research articles in leading IS journals and conferences. He is an
AIS Fellow and LEO award winner.

