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Abstract

Thisresearchinvestigateswhether informati on technol ogies, such asautomated question answering (QA), can
add interactivity into a multimedia-based e-learning system, as well as how this type of virtual interaction
affects the effectiveness of e-learning. Based on a review of multiple learning theories and technologies, an
exploratory model for studying the effectiveness of interactive e-learning, Learning with Virtual Mentors
(LVM), is proposed and a prototype system is developed to implement the LVM model. A series of studies,
including a controlled experiment and surveys, have been conducted to explore the relationships among the
core constructs of the LVM model: learning phases, system interactivity, learning activity, and learning
outcomes. Findings indicate that virtual interaction positively impacts student behaviors by encouraging
students to interact more and increasing student satisfaction with the learning process; however, the
correlation between virtual interaction and actual learning performanceis limited. Consequently, the LVM
model needs to be further explored and devel oped.

Keywords. Virtual interaction, e-learning, question answering, effectiveness

I ntroduction

Learningiscritical for any individual or organization to be successful in the current knowledge-based economy. Inrecent years,
advances in information technology have affected the learning market dramatically. Thousands of online courses, including
degreeand certificate programs, are now offered by universitiesand corporationsworldwide. Most of thesetechnol ogy supported
learning or training programs are grouped under the de facto term e-learning. Thefundamental val ue proposition of e-learning—
access to quality education and training freed from the boundaries of time and location—is growing with the demand for higher
education and professional training in the United States and worldwide.

In current e-learning programs, multimedialearning material s such as videotaped | ectures and PowerPoint slidesareincreasingly

provided as away to help learners engage in the learning process. However, simply watching an instructor lecturing in avideo
is different from learning with a human mentor. An important factor of learning, interaction, is usually missing in multimedia
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online lectures (O’ Connor et al. 2003). Many modern learning theories indicate that effective learning requires an iterative
interaction process between the learner and the knowledge providers (Bruner 1960, 1966; Pask 1975); however, such a process
cannot be supported solely by alinear playback of the video lectures.

Although collaborative learning technologies such as chat rooms and discussion forums can be used to provide a platform for
interaction in e-learning, such interaction relies on the availability of human mentors. When alearner has a question regarding
the learning content and needs an immediate answer (e.g., for an immediate task required on the job), the human mentor may not
be accessible at that specific time. On the other hand, it is tedious and time-consuming for learners to search a 60-minute-long,
linear, unstructured video for answersto their specific questions. Furthermore, aWeb search for the desired information may not
only take alot of time, but could result in questionable answers rather than answers obtained from the mentor. This research
endeavors to address these issues.

Specificaly, this research investigates whether information technol ogies, such as automated question answering (QA), can add
interactivity into a multimedia-based e-learning system and how this type of “virtual interaction” affects the effectiveness of e-
learning. Based on areview of multiplelearning theories and technol ogiesin the next section of this paper, an exploratory model
for studying the effectiveness of interactive e-learning, named Learning with Virtual Mentors (LVM), is proposed. The LVM
model and a prototype system devel oped to implement the LVM model are described in the third section. A series of studies,
including a controlled experiment and surveys have been conducted to explore the rel ati onshi ps among the core constructs of the
LVM model: learning phases, systeminteractivity, learning activity and learning outcomes. Thecorestudiesin thisresearch are
discussed in the subsequent sections.

Resear ch Background
A Framework for Technology Mediated Learning Research

Research about using information technology to support learning (technology mediated learning, TML) started as early as the
1960s; however, most of the previous studies focused on the direct influence of technology features on learning outcomes. A
guideline for theoretically grounded and rigorous research of TML ismissing. In 2001, Alavi and Leidner (2001) proposed a
framework for TML research, whichisillustrated in Figure 1. Thisframework suggests that TML research should consider all
aspects of instructional strategies, information technologies, and students’ psychological learning processes when studying the
effectiveness of a TML system (i.e., when studying the ability of TML to generate effective learning outcomes).

Instructional ]

Strategy
Psychological _
Learning » Learning

Outcomes

Processes

Information |

Technology i

Learning Context

Figurel. A Framework for TML Research
(Reprinted by permission, M. Alavi and D. E. Leidner, “Research Commentary: Technology-Mediated Learning—A Call
for Greater Depth and Breadth of Research,” Information Systems Research (12:1), 2001, p. 5. Copyright © 2001, The
Institute for Operations Research and Management Sciences, 7420 Parkway Drive, Suite 310, Hanover, Maryland 21076.)
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Learning Theoriesand I nstructional Strategies

As the framework of TML research indicates, instructional strategies can significantly affect the effectiveness of information
technology inlearning. Theinstructional strategies, onthe other hand, are mostly drawn fromlearning theories. Among the many
existing learning theories, there are three theories that especially emphasize the importance of interaction in learning:
constructivist theory (Bruner 1966), discovery learning theory (Bruner 1960), and conversation theory (Pask 1975).

Thefirst of thesethreetheories, the constructivist theory, isbroadly applied in both traditional classroom and computer-supported
learning. Constructivist theory assertsthat learning is an active processin which learners construct new ideas or concepts based
upontheir current and past knowledge (Bruner 1966). Thistheory emphasizesthat |earning should be“learner-centered” instead
of “teacher-centered” asin traditiona classroom training. The instructor and students should engage in an active dialog, while
guidance and direct instruction should only be provided when necessary (Phillips 1995).

Similarly, according to discovery learning theory, students should be provided with data and be called upon to question, explore,
and/or experiment to discover knowledge. For example, studentsmay be expected to discover the particul ar principle(s) contained
in alesson by questioning the teacher. As aresult of the discovery process, it is premised that students will be better able to
remember and apply what they have learned (Bruner 1960).

Finally, the fundamental idea of conversation theory (Pask 1975) is that |earning occurs through conversations about a subject.
These conversations serve to make the learner’s knowledge explicit. In the human learning process, natural language
conversations such as questioning and answering arethe major type of conversation, facilitating learning through exploration and
reflection (Schank and Cleary 1995).

These three modern learning theories all indicate that high quality learning should incorporate active interactions initiated by
students, such as the questioning and answering process. This suggests that the instructional strategies implemented in an
effective e-learning system should facilitate active interactionsin learning.

However, Jonassen (1991) statesthat each phase of knowledge acquisition requiresdifferent typesof learning. Initial knowledge
acquisitionisperhapsbest served by classical instruction, whileaconstructivist earning environment ismore suited to the second
phase of knowledge acquisition in which learners acquire more specific, advanced knowledge to solve more complex, domain-
specific problems. Therefore, as the literature on constructivist instructional design suggests, a mix of instructional design
strategies, combining both learning from traditional classroom instruction and conversation-based constructivist learning, may
benefit learners and meet the needs of avariety of learning situations better than any one strategy (Ertmer and Newby 1993). For
example, question-based learning can be used for just-in-time learning after initial, traditional training on the subject matter is
compl eted.

In addition to emphasizing active dialog for constructing new knowledge, constructivist theory also emphasizes the importance
of past knowledge and feedback. Appropriate assessment of alearner’s prior knowledge and the respective feedback after the
assessment guide the learner in deciding how to interpret the realities, and whether to confirm, refine, or revise their mental
models (Guskey 1997). Broadly speaking, interaction in learning should al so include such an assessment and feedback process.

Currently, interactionsin the TML environment can be classified into three types (Moore 1993): (1) learner—content interaction
(LCI), (2) learner(s)—tutor(s) interaction (LTI), and (3) learner(s)- earner(s) interaction (LL1). LCI refersto students questioning
thetraining materials. Of the three types of interaction, LCI has been the least studied, perhaps because it is often assumed that
one can only interact with a person. However, Bates (1995) states that interactions occur not only with the originator of
knowledge, but also with knowledge itself, as represented in different media. Furthermore, many research studies have shown
that thoughts can be triggered, meaning can be made, and mental models can be created, revised, and recreated for learners
through their interacting with information received and revisited (Anderson and Pearson 1984; Piaget 1967; Schallert 1982). In
contrast, both LTI and LLI are interactions among people. These types of interactions have the advantages of increasing the
involvement of students in learning, as well as bringing more personal and social aspects to the interactions, which cannot be
supported by simple LCI (Hiltz and Wellman 1997). Existing research studiesfocus primarily on LTI and LLI, especialy inthe
research of computer-supported collaborative learning. However, one disadvantage of LTI isits reliance on the availability of
livetutors, becausetheresourceof qualifying tutorsmay be scarce and/or mentorsare often not avail abl e at the exact time needed.
Although asynchronous interaction may provide atemporary solution when the tutor or instructor is unavailable, asynchronous
interaction cannot always provide the timely feedback that is generally desirable to support learning.
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Because of the disadvantages of both LCI and LTI, this research focuses on investigating technol ogies to support a specia type
of LCI, caled virtual interaction. Virtual interaction simulates LTI with avirtual mentor or tutor, thus it does not rely on the
availability of live mentors or tutors. The next section describes technology that strives to simulate LTI and to support virtual
interaction.

Core Technology for Virtual I nteraction

Simulating L TIswithout reliance on a human tutor was difficult to implement just afew yearsago. Thanksto anew technology,
video-based question answering (QA), virtual interactionisnow possible. By prerecording amentor’ sinstructions(e.g., lectures)
indigital video format, the human questioning and answering process can be simulated by a process of finding the specific video
segment that ismost rel evant to the student’ squestion. Because students can ask specific questionsin natural |anguage and watch
and hear a person responding, such virtual interactions simulate L TI.

The video-based QA technology integrates speech recognition, information retrieval, and natural language processing tech-
nologies. Zhang and Nunamaker (2004) proposed amethod that appliestext-based QA approachesto video applications. Inthis
approach, the speech in video lecturesistranscribed into text manually or automatically using speech recognition software. Each
long video of alectureis also manually segmented into short segments representing lecture topics. The transcript of each video
segment istreated as atext document. A template-based approach isthen used to identify answersto posted questions from the
collection of transcribed video segments. After (1) parsing the posted question into major verbs, nouns, noun phrases, and named
entities using a parser called Connexor iSkim (Voutilainen 2000), (2) obtaining their synonyms from the WordNet dictionary
(Miller 1990), and (3) deriving the answer type of the question (e.g., “Who + BE,” “Where+ BE,” etc.) based on aset of linguistic
rules, thistempl ate-based approach fill sthe posted questioninto aquestion template with nine slots (Zhang and Nunamaker 2004).
The video transcripts are parsed in the same fashion to generate sentence templ ates, and the question template is compared with
sentence templates in the video transcripts to retrieve the most relevant video segments.

Thedescribed template-based approach was used asthe core technol ogy to implement virtual interaction, combined with phonetic
matching technology and additional knowledge sourcestoimprovethe performance of thevirtual interactions. The proposed new
approach is described in detail in Cao et a. (2005).

Finally, although video segmentati on technique anditsfacilitation in e-learning exist in many commercial -of f-the-shel f knowledge
management systems, thenatural language and video-based virtual interactiontechnology isstill initsvery early stage. Therefore,
the impacts of this new technology on learning are still to be explored and are the focus of the research described in this paper.

TheLVM Model and Prototype

Toinvestigate theimpacts of virtual interaction on learning, we propose an exploratory, conceptual model, Learning with Virtual
Mentors(LVM, Figure 2). Based onthe Alavi and L eidner (2001) framework of TML research, we proposethe LVM model with
a comprehensive view of the relationships among instructional strategies, information technologies, students' psychological
characteristics, environmental factors, and learning outcomes.

Inthe LVM modél, the learning outcomes are represented by learners’ actual |earning performance and their perception of and
satisfaction with the whole learning process (e.g., perceived learning effectiveness and self-reported interactivity). Thelearning
outcomes may be affected by several factorsrelated to different instructional strategies, information technologies, and students’
psychological characteristics. For example, learning phases, students’ learning motivations and strategies, learner capabilities,
system interactivity, and learning activities are al possible factors influencing learning outcomes. Although a series of studies
have been conducted to explore the relationships among all constructsin the LVM model depicted in Figure 2, because of space
limitation this paper only focuses on describing part of the studies about the following core constructs.

L earning Phases. Asstated earlier, different learning phasesrequire different instructional strategies. Matching the appropriate
instructional strategy to the learning stage may greatly impact the learning outcomes (Jonassen et al. 1993). The first phase,
introductory learning, occurs when learners have little or no prior knowledge about a content area, while in the second phase of
learning, learnersacquire more specific, advanced knowledgeto solve more complex, domain-specific problems. Similar to what
Ertmer and Newby (1993) stated, we propose that the introductory learning phase is best served by classical instruction, while
interactive learning is more suitable to the advanced learning phase. In particular, we believe that questioning and answering
learning strategies will support the advanced learning phase.
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Figure2. TheLVM Mode

System Interactivity. Affected by both the instructional strategy and information technology, system interactivity is the key
construct intheLVM model. Asshownin Figure2, theclassical, sequential instruction provides zero interactionin learning; the
guestion and answering process initiated by students adds interactivity into the student learning process; and the assessment and
feedback processinitiated by the LV M further increases the interactivity. Therefore, it is expected that more virtual interactive
functions available in an e-learning system will correlate to more students’ interactive learning activities, which will result in
improved student learning outcomes. However, system interactivity may not play abig role in the introductory learning phase
when students focus on gathering initial knowledge through traditional instruction. We expect that the effect of system
interactivity will show up in the advanced |earning phase when students are trying to deepen their understanding of the subject
matter.

L earning Activities. Thelearning activitiesconstruct referstolearners’ interactive activitiesinlearning. Althoughitisdifficult
to measure learners’ actual interactive activities in the traditional classroom learning environment, it is easy to record themin
system logs in an e-learning system. We propose that more interactive learning activities can be the result of more system
interactivities, resulting in better learning outcomes in the advanced learning phase.

Although individual learner characteristics such as learning motivation and learner capability are also important components of
the LVM model, they are not investigated herein. Instead, they are controlled by random assignment in the experimental studies.
The focus of this research is testing the following four hypotheses about the core constructs of learning phases, system
interactivity, and learning activities.

Hypothesis1:  Higher levels of system interactivity (assuming areal mentor has the highest level of interactivity)

result in students engaging in more interactive learning activities in the advanced learning phase, as
well asin the overall learning process.
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Hypothesis2:  Studentswill engagein moreinteractivelearning activitiesin the advanced learning phasethanin the
introductory learning phase.

Hypothesis3:  Higher levels of system interactivity result in better learning outcomes (A. Actual learning perfor-
mance; B. Perception or satisfaction) in the advanced learning phase, aswell asthe overall learning
process.

Hypothesis4:  Increasing the level of system interactivity in the advanced learning phase results in agreater
improvement in learning outcomes (A. Actual learning performance; B. Perception or satisfaction)
than in the introductory learning phase.

To test the above hypotheses about the LVM model, a Web-based prototype was developed using advanced information
technologies, including the core video-based QA technology. Asillustrated in Figure 3, in the LVM prototype with the most
interactive functions, the Web-based user interfaceisdividedinto four cellsor sections: (1) avideo display of theinstructor, (2) a
PowerPoint dlide associated with the current video segment, (3) atext note, which isthe transcription of the speech in the current
video segment, and (4) an outline of all the topicsin the lecture. The content in the four cellsis synchronized. Furthermore,
students may interact with the LVM system in two ways. First, each topic in the outline is directly linked to the relevant video
segment, allowing students to click on any link to review a specific topic. The outline can be viewed as a pre-compiled list of
guestions, although it is less flexible than the second way of virtual interaction: direct QA. A textbox in the center of the four
cellsis provided for students to ask questions. Once a gquestion is submitted, a new window with the four-cell design will pop
up to present the potential answers. The video segment determined to be the “best answer” will be automatically played, with
its associated PowerPoint slide and text note appearing in the other cells. Therefore, students can immediately watch and hear
the virtual mentor responding to their questions. In the answer window, the lecture outline is replaced with the list of answer
topics. If students are not satisfied with the first answer, they can click on the links in this answer list to view the other video
answers.

-
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Besidestheinteractionsinitiated by students, the virtual mentor uses pop-up quizzesto initiate interaction with students. Pop-up
quizzes areimplemented in this LVM prototype and a QA box is added into the quiz feedback page, so that if studentsfind their
answer is not correct, they can immediately ask the virtual mentor a question.

Several video lectures have been created to be used in this prototype. In the study described in this paper, alecture (about 40
minutes long) about computer security concepts was used.

Study Design

When investigating the LVM model, we conducted a field experiment in conjunction with observations such as survey and
interviews. To explore the relationship among the learning outcomes and the factors such as system interactivities and learning
phases, an experiment was conducted as alongitudinal pretest-posttest comparison between control and treatment groups (Table
1). Since the relationship between the system interactivities and the learning outcomes was our major interest, we arranged five
treatment groupsinwhich participantsused the LV M prototypewith different typesand numbersof interactivefunctions (outline,
QA and/or quizzes), and one control group in which area mentor taught the participants face-to-face.

Participants

Participants (N = 158) were undergraduate students (59 percent male, 41 percent femal€) recruited from an Information Systems
course at asouthwestern university. They volunteered to participate in thisresearch study as an alternative of an assignment (the
other aternative was to finish aresearch report for a class-related topic). They were told that the learning materials presented
inthisstudy weremore advanced knowl edge of the topics(computer security) they werestudyinginthelScourse. Studentscould
get full credits for this assignment as long as they actively participated in al experimentation sessions. Of the students
participating, 69 percent reported their grade point average (GPA) as between 3.0 and 4.0 on a4.0 scale, while 31 percent of the
students reported their GPA as between 2.0 and 3.0.

Procedures
Participants signed up for this research study through aWeb site and chose to attend one of six availabletime dots. Thesix time

slotswere randomly assigned to the six groups (five treatment groups and one control group). All groups used the same computer
lab for the research study, including the Real Mentor group (the control group).

Table 1. Experimental Design

Treatments
Real VM — VM — VM — VM — VM -
M entor IN only IN+ Outline IN+QA IN+QA IN+Qutline

+Outline +QA +Quiz

Pretests (49 minutes)

Class L edrning (50 mifgutes, includig 10 minutesfof review timg)
session

Posttests (3P minutes)

Two Weeks

Delayed posltelt (15 minutes

Assignment

session Finislling an assignment (50 minfites)

Posttests (3P minutes)
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The study began with aresearcher (one of the authors) describing the study design and procedures to the student participants.
Studentsin each of the five treatment groups were then given aquick demo of the particular system (treatment) they would use.
Studentsin each group participated in two learning sessions with the same system (treatment). They were not allowed to switch
toadifferent treatment group in the second session. Thefirst session was designed to beintroductory, non-task-oriented learning.
In this session, participants first filled out a preexperiment survey (30 minutes total, including demographic information and
survey questions measuring students’ learning motivation, strategy, and styles), and then compl eted apretest that had 10 multiple-
choi ce questions about the computer security concepts (15 minutes). Studentsthen received the computer security lectureintheir
particular treatment conditions (50 min; with human instructor or using the LVM prototype). Finally, they completed a posttest,
which had the same questions as those in the pretest, but the order of both the questions and the answer choices were reordered
(15 minutes). After theposttest, the parti ci pants answered apost-experiment questionnaire (15 minutes, including questions about
perceived learning effectiveness and other factors). In addition, the participants’ activities when using the LVM system were
recorded to asystem log file, and the activities of the participantsin the“real mentor” group were videotaped for future analysis.

The second session was designed to be advanced, task-oriented learning. Two weeks after the first session, the same partici pants
were asked to attend the second session and they were required to learn with specific tasks. Specifically, they were required to
compl ete an assignment with more in-depth questions about the computer security concepts. They first took a 15-minute delayed
posttest on their knowledge about computer security, then they completed an open-ended assignment in 50 minuteswith the help
of either asking the instructor directly (in the control group; only one student can ask a question at atime) or using the system
(in the other five treatment groups), and then they completed another posttest (15 minutes). Finally, participants completed the
same post-experiment questionnaire as in the first session (15 minutes). Again, during the 50-minute assignment session, the
participants’ activitiesin using the LVM training system were recorded to asystem log file, and the activities of the participants
in the “real mentor” group were videotaped for future analysis.

Measures and I nstruments

Independent Variablesfor the Experiment

System I nter activities. Participantswere randomly assigned to one of the six groupsinwhich they woul d have accessto different
levelsof interactivities (see Table 1). We assumed that areal mentor could provide the highest level interactivity in the learning
process. The five treatment groups are listed below with a brief description of the system interactivity for each. The system
interactivity increases from treatment group 1 to group 5.

Treatment 1. VM - IN only: students could only watch the instruction sequentially.

Treatment 2. VM —IN + Outline: students could click on the links in the outline to change topic when
watching the instruction.

Treatment 3. VM —IN + QA: students could ask questions when watching the instruction.

Treatment4. VM —IN + Outline+ QA: students could not only click on the linksin the outline to change
topic but also ask questions when watching the instruction.

Treatment 5. VM —IN + Outline + QA + Quiz: students could not only click on the links in the outline
to changetopic but also ask questionswhen watching theinstruction; In addition, the system
could pop-up questions in the middle of the instruction.

Learning Phases. Each participant would go through two learning phases. The first one, class session, is the introductory
learning phase. The second one, assignment session, is the advanced learning phase.

Dependent Variables

Learning Activities. This variable was measured for the five treatment groups where all students’ learning activities were
recorded into a system log file. There were three types of interactive activities recorded in the system: (1) asking a question,
(2) switching topic using the outline, and (3) switching topic using the navigation buttons. This variable was measured by the
total number of the student’ s interactive activities during a session.

804 2005 — Twenty-Sixth International Conference on Information Systems



Cao et al./Virtual Interaction for Effective E-Learning

L earning Performance. The student’s actual learning performance was measured by his or her percentage accuracy score on
the posttests (10 multiple-choice questions on the student’s knowledge of computer security), as compared to the score of the
pretest. Studentstook the sameformat of testsfour timesin 2 sessions. The order of the questionsand the response choiceswere
alternated for each test.

Perceived Learning Effectiveness. The student’s perceived learning effectiveness (EFFECT) was measured by a scale
consisting of eight items in the post-experiment questionnaire adapted from Alavi (1994) (« = .88 insession 1 and ¢ = .91 in
session 2). For al itemsin the post-experiment questionnaire, studentsrated themsel veson afive-point Likert scale ranging from
“strongly disagree” (scale = 1) to “strongly agree” (scale=5). Anindividual’s score on the scale was conducted by taking the
mean of the eight items that made up that scale. A high score on this scale meant that the student thought he or she learned
effectively in this study.

Sdf-reported I nteractivity. Thisvariable(INTER) concerned students’ satisfactionwiththeir interactionwith thevirtual mentor
(or real mentor in the control group). It was measured by a self-developed, four-item scale in the post-experiment questionnaire
(¢« =.82insession 1 and « = .88in session 2). Again, an individual’s score on the scale was conducted by taking the mean of
the items that made up that scale. A high score on this scale meant that the student felt that he or she had interactions with the
(virtual) mentor and enjoyed the (virtual) interactions.

Analysisand Results

Besides the quantitative data collected in the experiment, qualitative data was collected from open-ended questionsin the post-
experiment questionnaires and was used to hel p interpret the quantitative results. However, inthis paper we focus on discussing
the quantitative results and only use the genera findings from the qualitative analysis to explain the results.

Results about I nteractive Learning Activities
Table 2 lists the means and standard deviations of students' interactive learning activities in each session.

Asmentioned earlier, all students’ learning activitieswererecorded into asystemlog filefor thefivetreatment groups. However,
in the first group, the “IN only” group, the students had no access to the interactive system functions such as QA and outline.
Therefore, only four groups had interactive learning activities recorded in system logs and our analysis was based on these four
groups.

Repeated measures analysisindicated that students' interactive learning activities were different for the factor Session, F(1, 103)
= 204.776, p < .005, partial n? = .665; and interaction Session* Treatment, F(3, 103) = 4.097, p = .009, partial n?> = .107. The
Session* Treatment interaction indicated that although all groups had moreinteractivelearning activitiesin the advanced learning
session (hypothesis 2 was supported), the increase was different among groups. A reverse Helmert contrasts analysis was
conducted on the Treatment factor. Resultsindicated that studentsin group 3 engaged in significantly moreinteractive activities

Table2. Meansand Standard Deviations of I nteractive Learning Activities
Session 1 Session 2
Activities Activities
Group N mean (std) N mean (std)
2 (IN + Outline) 25 6.44 (6.01) 25 19.28 (10.50)
3(IN +QA) 24 2.92 (2.90) 23 27.54 (8.71)
4 (IN + QA + Outline) 28 9.04 (4.95) 28 25.04 (14.14)
5(IN + QA + Outline + quizzes) 30 6.50 (7.58) 30 22.20 (13.41)
Total 107 6.35 (6.05) 106 23.46 (12.27)
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than studentsin group 2 in session 2 (p = .018); however, the greater number of system interactivitiesin groups 4 and 5 did not
significantly increase the actual interactive learning activitiesin this advanced session. A post hoc pair-wise comparison of the
interactive activitiesin session 2 did not show significant differences among groups 3, 4,and 5. Therefore hypothesis 1 wasonly
partially supported. After carefully examining the study procedure, wefound that the students’ activities of answering the pop-up
quizzes (the only different functionality between groups4 and 5) were accidentally not recorded in the system log, even though
these activities were mandatory (i.e., the students were required to answer the pop-up questions before they could continue).
Therefore, it appears reasonable that groups 4 and 5 had similar recorded activity patterns. Since the mgjor difference between
group 2 and groups 3, 4, and 5 was the QA function, this may indicate that it was the QA function that triggered moreinteractive
learning activitiesin the advanced learning session; however, moreresearch needsto be conducted for confirmation of thisresult.

Another important observation was that, although we assumed that the real mentor would be able to provide the most amount of
interactivities, in both of the sessions we found that there were very few interactions between the students and the instructor in
the classroom. Inthefirst session, two students asked the live instructor atotal of three questions at the end of the lecture, while
in the second session, only four students asked the instructor questions when completing the assignment. This was obviously
different from the expectation. Our qualitative resultsfrom the semi-structured interviews after the experiment hel ped usexplain
thiscircumstance. When asked, “Why didn’t you ask the instructor questions when you did not understand the topic?,” the most
common responses were “| think maybe another student would ask this question,” “I don’t want to appear stupid if the other
students all understand what | wanted to ask,” “1 don’t want to disturb the whole class,” and “I don’t want to wait in the line to
ask aquestion.” Therefore, combined with our findings about the interactive activities in the treatment groups, we found that
virtual interactions could actually remove this psychological barrier and enable more direct question and answering processesin
learning.

Results about Learning Performance

Table3liststhemeansand standard deviationsof students' learning performancetest scoresin each session. Although percentage
scores were presented here for easier interpretation, ArcSin transformation was performed on al percentage scores to improve
the equality of variance before conducting any ANOVA or ANCOVA test.

A 6 x 2 x 2 repeated measures anal ysiswas conducted to test the hypotheses. Results showed that students' |earning performance
test scores were significantly different for the factor Session, F(1, 146) = 126.467, p < .005, partial n? = .464; and interaction
Session* Prepost, F(1, 146) = 20.706, p < .005, partial n?> = .124. Thisindicated that students in all groups had higher learning
performance test scoresin the advanced learning session, but the test score gains were different from session 1 to session 2. All
groups had more test score gainsin the first session than in the second session. Hypothesis 4A was not supported. Thisis quite
understandable because in session 2 there was | ess space for improvement. However, no significant treatment effect was found
through the repeated measures analysis. It seemed that all groups had similar patternsin test score changes. Hypothesis 3A was
not significantly support either.

Table 3. Meansand Standard Deviation of L earning Performance
Session 1 (Class Session) Session 2 (Assignment Session)
Pretest Posttest Pretest Posttest
N mean (std) mean (std) N mean (std) mean (std)
IN only 26 28.8(16.1) 72.7 (16.4) 22 50.9 (16.9) 80.5(16.5)
IN + Outline 25 29.2(17.1) 68.8 (17.2) 25 43.2(17.3) 74.0 (19.8)
IN + QA 24 26.3 (15.0) 73.3(17.4) 23 48.3(19.7) 80.4 (14.3)
IN + QA + Outline 28 32.5(21.0) 71.8 (17.7) 28 51.4 (18.6) 76.4 (14.5)
IN + QA + Outline + quizzes 30 29.0 (14.7) 66.3 (19.2) 30 44.7 (21.3) 76.7 (18.8)
Real Mentor 25 30.4 (21.7) 68.0 (18.3) 24 454 (21.3) 65.8 (20.2)
Total 158 29.4 (17.6) 69.9 (17.6) 152 47.2 (19.3) 75.6 (17.9)
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As suggested by Bonate (2000), a more powerful ANCOVA test was then conducted to see if there was really no difference
among treatment groups. Sincewe hypothesi zed that the performance gain would be different in the second session andinoverall
learning, we conducted two ANCOV A tests respectively. Onetook the posttest in session 2 as dependent variable and the other
took the posttest in session 1 as dependent variable. Both teststook pretest in session 1 as covariate.

The results were indeed different from the results of the repeated measures analysis. There were significant differences among
groupsin both session 2 (F(5, 145) = 2.274, p = .05, partial n*=.073) and the overall process (F(5, 145) = 2.409, p = .039, partial
n?=.077). Insession 2, areverse Helmert contrasts analysis reveal ed that the real mentor group had significantly lesstest score
gainincomparison to the mean of thefive system groups. Similar resultswere found for the overall learning process. Theoverall
test score gain (posttest in session 2, pretest in session 1) in the real mentor group was significantly lower than the mean of the
other five system groups.

Therefore, thereal mentor group, which was expected to have the highest |earning performance gainin both session 2 and overall
(see hypothesis 3A), actually had the lowest learning performance gain. Based on our observations about the students’ actual
interactive learning activities in both sessions, we might argue that the real mentor in a classroom setting would have the least
interactivities and thus hypothesis 3A might still be partially supported. However, more studies are needed for retesting this
hypothesis.

Results about Perception and Satisfaction
Table 4 liststhe means and standard deviations of the two variables from the self-report post-experiment survey in each session.

A multivariate ANOVA test on the EFFECT and INTER measures showed that students’ perceived learning effectiveness and
perceived interaction with the (virtual) mentor had weakly significant difference between the two sessions, Wilk’s A= .961, F(2,
143) = 2.938, p = .056, n2 = .039. A follow up univariate analyses about students’ perceived interactivity found no significant
difference between sessions but significant difference among treatment groups (between-subject main effect, F(5,144) = 12.490,
p <.005). A reverse Helmert contrast analysis found that the perceived interactivity was significantly higher in the real mentor
group than in the other five treatment groups both in session 2 (p < .005) and in the overall learning process (p < .005). It also
found that treatment group 3 (IN+QA) had significantly higher perceived interactivities than the mean of group 1 and group 2,
both in session 2 (p = .001) and in the overall learning process (p = .010). However, there was no significant difference among
groups 3, 4, and 5. Therefore, hypothesis 3B was only partially supported. This was outside our expectations, but was quite
similar to what happened with the actua interactive learning activities.

Therefore, the students' perceived (self-reported) interactivity is quite different from their actual interactive learning activities.
First, students' perceptions about interaction did not change along with their actual behavior across sessions. Second, although
many students did not talk with the instructor at al in the classroom, they still thought they had good interaction with the
instructor; on the other hand, while some students did ask more questionsin the LVM system, they did not feel they were inter-
racting. The qualitative results by analyzing the open-ended responses confirmed this finding. On one side, students’ under-

Table4. Meansand Standard Deviations of Self-Reported L earning Outcomes
Session 1 (Class Session) Session 2 (Assignment Session)
EFFECT INTER EFFECT INTER

N mean (std) mean (std) N mean (std) mean (std)
IN only 26 3.64 (.50) 2.68(.82) 22 3.57 (.66) 2.69 (.75)
IN + Outline 25 3.56 (.53) 291 (.77) 25 3.24(.96) 2.43(.92)
IN + QA 24 3.68(.68) 3.04 (.76) 22 3.54 (.58) 3.23(.63)
IN + QA + Outline 28 3.47 (.68) 2.94 (.84) 28 3.55 (.69) 3.02(.84)
IN + QA + Outline + quizzes 30 3.65 (.58) 3.06 (.66) 29 3.34(.95) 2.83(.90)
Real Mentor 25 3.86 (.72) 3.98 (.55) 24 3.68 (.69) 3.98 (.50)
Total 158 3.64 (.62) 3.10(.83) 150 3.48 (.78) 3.02 (.91)
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standing of interaction in learning was a bit different from what we expected. They would count the potential or capability of
interaction with aliveinstructor to be good interaction. Many studentsimplied that interaction, in their view, had to be between
live people. The nonverbal communication features such as eye contact or gestures, as well as the feeling of social presence,
might contributeto thiscircumstance. Ontheother side, many studentsdid not perceivethevirtual interaction asgood interaction
because of alimitation of the current technology: the answers were repeated parts of the prerecorded lecture. Therefore, most
students quickly realized that the virtual mentor could not rephrase the answer based on their individual need, nor could it answer
anything out of the boundary of the lecture. Because of this key difference between virtual interaction and the interaction with
aliveinstructor, some students did not accept virtual interaction as real, two-way interaction.

The qualitative results also confirmed that virtual interaction with QA is better than interaction with outline (groups 3, 4, and 5
had more actual interactive activitiesand perceived interactivity than group 2), especially in session 2. Students’ satisfactionwith
outline decreased from session 1 to session 2, while their satisfaction with QA increased from session 1 to session 2. Also, in
session 2, more students thought QA was better than outline in finding specific information. Therefore, it seemsthat outlineis
more suitablefor theintroductory learning session asit providesagood map for students building their own mental models, while
QA ismore important for the advanced learning process when students need reinforcement on specific topics.

A univariate analyses about students' perceived learning effectiveness, on the other hand, revealed that it was significantly less
insession2thaninsession 1, F(1,144) =5.914, p=0.016. Therefore, hypothesis4B wasnot supported. Onepossibleexplanation
for thisfinding isthat studentsjudged their learning effectiveness only on the amount of new knowledge they received. Because
students learned the same content twice, they did not feel they |earned new knowledge in the second session and, therefore, had
lessperceived learning effectiveness. A reverse Helmert contrast analysisfound that overall the perceived learning effectiveness
was significantly higher in the real mentor group than in the other five treatment groups (p < .005). However, we failed to find
significant difference among the five treatment groups both in session 2 and in the overall learning process. Hypothesis 3B was
only partially supported.

Again, similar to the findings about interactivity, the students' perceptions are the opposite of the reality. Although studentsin
the real mentor group had the least actual interactive learning activities and had the lowest |earning performance gain, they had
the highest perceived learning effectiveness. We also failed to find significant difference among the five treatment groups for
both the actual and perceived learning effectiveness. Looking at the results from qualitative observations, we realized that the
self-paced control and convenience of reviewing specific content commonly provided in all system groups are actually the key
factors that contribute to the difference between the effectiveness of the virtual mentor and the real mentor in the advanced
learning session. Different levelsof interactivity actually determinedifferent level sof convenience of reviewing specific content;
thus, aslong as this convenience exists, students may learn better with the virtual mentor than with areal mentor. The benefits
are more from the satisfaction perspective. For example, when QA functionswere available, studentsincluded QA asone of the
reasonsthey liked the system, while only afew studentsincluded the outline or the pop-up quiz as one of thereasons. In addition,
two or three times more studentsin the second session listed QA asone of the reasonsthey liked the system better than inthe first
session. Thisagain confirmed that interaction, especialy QA, is more important for the advanced learning phase.

Summary and Discussion

To summarize, this research studies how information technol ogies, such as automatic question answering (QA), can be used to
provide virtual interaction in a multimedia-based e-learning system and turn it into a virtual mentor to provide students with
interactive, one-on-one instruction. More importantly, this study explores the key factors that may affect the effectiveness of a
virtual mentor, which are proposed in the exploratory LVM model. Specifically, this paper focuses on describing part of aseries
of studies that explore the relationships among some of the core constructsin LVM.

Resultsfrom experimentsand observationswere summarized in Table 5, which showsthat, asexpected, learning phasesdoimpact
students’ learning behaviorsto some extent; all groups had moreinteractive learning activitiesin the advanced learning session.
However, students' perceived (self-reported) interactivity is very different from their actual interactive learning activities. In
particular, most students still perceived more interactivities with ahuman mentor than with avirtual mentor system, evenif they
actually interacted more with the virtual mentor. The possible reasons for this discrepancy include both the limitation of the
current technology and the social aspectsof interaction. Wethink that thetechnol ogy limitations might be mitigated by extending
the answerswith content extracted from the Web; however, the social aspect of interaction with aliveinstructor will be difficult
to fully simulate by virtual interaction with current technology. Asynchronous collaboration may still be needed to complement
the virtual interaction.

808 2005 — Twenty-Sixth International Conference on Information Systems



Cao et al./Virtual Interaction for Effective E-Learning

Table5. Summary of Results

Hypotheses Results
Activity | H1 (higher levels of system interactivity | Partially Supported. QA group engaged in more interactive
result in students engaging in more activities than the Outline group.

interactive learning activities)

H2 (more interactive learning activities Supported.
in the advanced learning phase than in
the introductory learning phase)

Outcome | H3 (higher levels of A. Learning Not supported. Rea mentor group had the lowest test score

system interactivity Performance gain. No significant differences among other groups.

result in better B. Perception/ | Partially supported. Real mentor group perceived the most

|learning outcomes) Satisfaction learning effectiveness and interaction; QA+Outline group
perceived more interaction than the QA or Outline groups.

H4 (more interactivity | A. Learning Not supported. Lesstest score gain in the advanced learning

in the advanced Performance phase; and the change of learning gains between two phasesis

learning phase results not significantly different among treatment groups.

in agreater improve-
ment in learning
outcomes than in the
introductory phase)

B. Perception/ | Not supported. Less perceived learning effectiveness and
Satisfaction perceived interaction in the advanced learning phase; and the
change of learning gains between two phasesis not significantly
different among treatment groups.

Although studentsin the virtual mentor groups did not perceive as much interaction as those in the real-mentor group, students
whowereprovided withthe QA function did havesignificantly higher perceivedinteractivitiesthan thosewhowereonly provided
withtheoutlinefunction. Overall, the QA typeof virtual interaction did enable moreactual interaction and perceivedinteractivity
than the traditional hyperlink type of interaction when students needed more interactions in the advanced learning session.

Although the virtual interaction technology did impact students’ behaviorsin interaction and improve students’ satisfaction with
e-learning to some extent (especially in the advanced learning phase), itsimpact on learning effectivenessislimited. Thefactors
“pace control” and “convenience for access information” may aso be key factors that directly affect the learning effectiveness
of an e-learning system with virtual interactions.

Theresearch findings reported in this paper have both research and practical implications. The research studiesthe effectiveness
of e-learning with afocus on theimpact of interaction, particularly anew type of interaction defined asvirtual interaction, which
isstill learner-content interaction (LCI) but simulates the learner-tutor interaction (LTI). Since virtua interaction does not rely
on the availability of human instructors, it can be more cost efficient than using human instructors. Although virtual interaction
was not found to directly impact learning performance, it is somewhat related to students’ satisfaction with e-learning. We hope
the addition of virtual interaction will be able to reduce the drop rate of e-learning and attract more students.

Finally, findings from this research provide suggestionsfor e-learning practitioners. The technology features of e-learning need
to be adjusted based on different earning phasesin order to achieve the best learning outcomes. Specificaly, in theintroductory
course, using simple hypermedialecturesisfine and can reduce cost and instructor workload, but in the advanced learning phase,
which reviewsand reinforcesthe old content, the virtual interaction should be added to hel p students quickly find answersto their
guestions. Based on the observationsin this study, virtual interaction may not be sufficient for amore advanced, discussion type
of class, and asynchronouscollaboration or face-to-face classroom discussion may still beneeded. Inthissituation, anappropriate
combination of virtual and real mentor(s) may prove to be the best way to learn.
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