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ABSTRACT

Learning style has been established in previous literature as a consistent predictor of
learning performance. This study extends previous research by proposing and then
testing a model of the mediating processes underlying the relationship between
learning style and learning performance, as well as the moderating effects of prior
knowledge. The results show that online participation mediates the relationship
between a sensory learning style and learning performance. In addition, prior
knowledge moderates the relationship between online participation and learning
performance.

Keywords: E-learning, learning styles, online participation, learning performance.

INTRODUCTION

With the rapid increase in Internet use, online instruction has become more popular.
An online learning environment provides flexibility for students in different locations
and time zones to learn together, allows for self-paced learning, and enhances learning
performance according to different types of individual learning styles [2][9]. Online
courses have been embraced by undergraduate students and are regarded as common,
easy-to-use learning tools.

Approximately 90% of universities report that they offer online courses using
asynchronous computer-based instruction [13]. Survey results show that online
courses are more and more popular and frequently used on campuses. One such type
of instruction is totally Web-based education (TWE), in which there are no
face-to-face classes and little instructor contact, such as courses taught entirely via
e-mail [10]. As internet access has increased, the use of TWE has also increased.
However, many people worry that learning performance decreases through TWE.

Understanding the effects of online courses on student learning is essential because it
can help in the modification of curriculum and instructional design. With the
evolution in distance education via TWE courses, concerns have been raised about its
effectiveness [1][12]. For instance, Phoha [12] reported a survey that using only
e-mail was not appropriate for high-quality education. Other technologies are needed
to fill this gap. Therefore, the selection of TWE or a mixed-mode (online learning
based on a traditional classroom environment) is an important issue for online
instruction.

The Internet is an attractive supplement for classroom instruction, but few studies
have investigated the learning performance in mixed-mode education, including both
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online learning and traditional classroom learning meanwhile. This study is designed
to investigate the impact of learning style on learning performance in an
online/classroom mixed-mode learning environment over the course of a semester.
The classroom instruction portion of the course included lectures and demonstrations
of software tools, whereas the online instruction part of the course consisted of lecture
notes, viewgraphs, and videos with step-by-step demonstrations of software tools.

Luk [11] confirmed the effect of how learning styles and patterns affect learning
performance in distance education. However, we do not know the extent to which
online participation mediates the causal relationship between learning style and online
learning performance. Given that learning style influences online participation, we
aim to investigate if online participation subsequently affects learning performance. In
addition, we examined if prior knowledge in the course subject influenced the
relationship between online participation and online learning performance.

LITERATURE REVIEW

When designing education courses, whether online or traditional, we should pay
attention not only to the diversification of course content but also to the ability of
students to master such content, taking into consideration that their learning
performance is closely linked to their learning style.

Learning Styles and Online Participation

The Felder-Silverman Learning Style Model (FSLSM) was proposed by Felder and
Silverman [5]. It includes four dimensions: active/reflective, sensing/intuitive,
visual/verbal, and sequential/global. The model posits that active students learn by
experimenting and working with others, whereas reflective students prefer to think
things through and work alone. Sensing students are practical and facts- and
procedures-oriented, whereas intuitive students are more conceptual, innovative, and
oriented towards theories and meanings. In addition, visual students prefer visual
representations of material, such as pictures, diagrams, or flow charts, whereas verbal
students prefer written and spoken explanations. Lastly, sequential students tend to
follow linear and orderly reasoning processes, whereas global students prefer to learn
in intuitive leaps.

Felder and Soloman [6] developed another measure of learning styles, the Index of
Learning Styles (ILS), that was based on the FSLSM. The ILS is a 44-item
questionnaire consisting of  four scales related to learning style preferences
(specifically, active-reflective, sensing-intuitive, visual-verbal, and sequential-global).
Each scale contains 11 items. Although Felder discussed a fifth dimension,
inductive/deductive, the ILS does not have items to measure this dimension. The
reliability and validity of the instrument have been verified by a review of studies
analyzing ILS response data [7]. Topics such as the relationship among learning
styles and the existence of latent dimensions have been investigated [8].

In the present study, “participation” is defined as the behavior of students during an
online course integrating multimedia instructional material, including video lectures,
PowerPoint slides, and lecture notes. Types of participation include reading online
materials and posting opinions on online forums and in chat rooms; these types of
participation enhance online collaborative learning and discussion. This study
proposes that online participation influences the relationship between learning style
and learning performance. Specific hypotheses are articulated below.

Hypothesis 1: An individual’s learning style is positively related to online
participation.

13



The ILS is comprised of four dimensions: active/reflective, sensory/intuitive,
visual/verbal, and sequential/global; hence, hypothesis 1 is expanded as follows.

Hypothesis 1a: An individual’s active/reflective learning style is positively related to
online participation.

Hypothesis 1b: An individual’s sensory/intuitive learning style is positively related to
online participation.

Hypothesis 1c: An individual’s visual/verbal learning style is positively related to
online participation.

Hypothesis 1d: An individual’s sequential/global learning style is positively related to
online participation.

Online Participation and Learning Performance

Previous research has demonstrated a relationship between online participation and
learning performance. There are two possible explanations for this finding. First,
online collaborative environments have been shown to encourage broader student
participation, as online discussions encourage more reticent students to participate to a
greater extent [4]. Second, in a computer-supported collaborative learning (CSCL)
community, learners’ performance was significantly influenced by the social networks
that emerged from the experience [3], which could be regarded as part of online
participation. These benefits seem to imply that students’ online participation
increases their involvement and improves the quality of discussion. However, whether
online participation has any tangible benefits, such as improved student achievement,
remains to be determined. Based on the previously articulated rationale, the following
hypothesis is proposed.

Hypothesis 2: An individual’s online participation is positively related to his or her
learning performance.

Learning Style

Active/Reflective H1 Online Participation H2 | Learning Performance
—>

\4

Sensory/Intuitive

H3

Visual/Verbal

Prior Knowledge

Sequential/Global

Figure 1. Research Conceptual Model.

Moderating Role of Prior Knowledge

Prior knowledge is a measure of the degree of previous understanding of the subject
matter. In this study, the subject matter relates to the content and use of software tools
but does not necessarily include the specific software program being taught in the
course. We expect that individuals with greater prior knowledge of the subject matter
will absorb online information more readily and, as a result, will demonstrate a higher
degree of learning performance; this reasoning leads to the following hypothesis.
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Hypothesis 3: The greater the prior knowledge an individual has, the stronger the
relationship between his or her online participation and learning
performance will be.

METHOD

There were 224 participants; they were undergraduate students in three sections of the
same class. Each class was taught by the same instructor, using the same teaching
materials, and in the same learning environment. In addition, the course had been
offered for the past seven consecutive years; therefore, the online teaching material is
relative mature and stable for experiment.

The class featured face-to-face lectures in a computer lab and employed online
learning as a supplement. The classroom work focused on hands-on teaching of
software use, including Excel, Office VBA (Visual Basic for Applications), and
Access, whereas the online component focused on self-learning materials, such as
videos showing step-by-step software use and PowerPoint slides. Face-to-face
teaching was arranged to give students an overview of the basic concepts and then to
teach them the main functions of the software. There were also frequent assignments
to help students master the skills learned and become familiar with the content.

The evaluation section consisted of myriad quizzes and online tests. The information
section contained the course syllabus, grades, rankings of level of participation, and a
student e-mail directory. Finally, the personal section contained each student’s online
trail; students can track their own online participation accordingly. In addition, there
was one teaching assistant for each class section. This teaching assistant answered
questions both in the lab and online. The following constructs were assessed: learning
style, online participation, learning performance, and prior knowledge. In addition,
three variables were included in analyses as control variables: gender, computer
experience, and Internet experience. The measurement of each construct is described
below.

Learning Style. In this study, Felder and Soloman’s [6] ILS scale was used to
evaluate students’ learning styles. This questionnaire consists of 44 items and was
used to assess each student’s learning style along four dimensions: active/reflective,
sensory/intuitive, visual/verbal, and sequential/global. Each item had two possible
response options
Online participation. The measure of online participation was obtained by extracting
data from the records of student online trails, a function offered by the e-learning Web
site. Online participation was evaluated by several indicators, including the number of
discussion board posts, number of times viewing the files (videos, PowerPoint slides),
session duration in browsing material pages, and total number of pages read. These
indicators could not be summed up as one factor because they come in different
measurement units. Hence, exploratory factor analysis was used to condense these
four indicators. The results suggested a two-factor solution that explained 63.5% of
the variance with all loadings over .50. The Cronbach’s a for the two factors was 0.79
and 0.81, respectively. Items of the first factor, collectively labeled “Access
Frequency,” assessed how frequently individuals posted on the discussion board and
viewed the files. Items of the second factor, labeled “Access Duration,” assessed the
time duration or number of page views.
Learning Performance. Students’ learning performance was measured by lab
hands-on test scores in using software tools taught in the class (i.e., Microsoft
Excel--including Office VBA--and Access).
Prior knowledge. Students’ prior knowledge of the subject matter was assessed using
a self-report measure asking students how familiar they were with Excel and Access
before they took the course. The Cronbach’s a for this four-item measure was .83.
Control variables. Three control variables were used: gender, computer experience,
and Internet experience. They were not variables of interest but were included in
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analyses because they could potentially affect the observation of the relationship.

RESULTS

We assessed the proposed model with maximum likelihood estimation using AMOS
7.0. All calculations were based on the covariance matrix of the variables. Of the 224
students who participated in this class, 219 completed questionnaires. The response
rate was 97%. The participant sample was fairly well-balanced in terms of gender
(43% = male, 57% = female). The analysis indicates that the model fits the data well;
specifically, ¥2(9, N=219)=7.781, GFI=.986, AGFI=.931, and RMSEA=.085. After
the factor analysis, online participation was divided into two dimensions: access
frequency and access duration. Thus, Hypothesis 2 was expanded in the following
way.

Hypothesis 2a: An individual’s access frequency is positively related to his or her
learning
performance.

Hypothesis 2b: An individual’s access duration is positively related to his or her
learning
performance.

Only the standardized path coefficients of sensory/intuitive, shown in Figure 2, were
statistically significant and in the predicted directions. Therefore, the model provided
confirming evidence for hypotheses 1b, 2a, and 2b but provided disconfirming
evidence for hypotheses 1a, 1c, and 1d. For the Sensory and Intuitive scale, higher
scores indicate stronger Intuitive scores. Therefore, the negative coefficient between
Sensory/Intuitive and online participation indicates that a Sensory learning style
positively influences online participation.

Online Participation

Learning Styles

(-.24**) ™ Access Frequency ™ (.42*%)
\ Learning Performance
m* Access Duration ’/V

Sensory/Intuitive K

(.20%%)

Figure 2. Standardized Path Coefficients of Model
(Note. *p< .05. **p<.01)

The possible mediating effect of online participation (access frequency and access
duration) on the relationship between learning style (e.g., Sensory/Intuitive) and
learning performance was examined via a Sobel test. Results showed that online
participation did mediate the relationship between a Sensory learning style and
learning performance (z = 2.807, p<.01; z =2.032, p<.05).

Moderating Effects on Learning Performance

This study adopted SEM to analyze the possible moderating effect of prior knowledge
on the relationship between online participation and learning performance. The prior
knowledge score was divided into higher and lower score groups, using a dummy
variable (0: Lower, 1: Higher). Because online participation was divided into access
frequency and access duration, hypothesis 3 was expanded as follows.

Hypothesis 3a: The greater the prior knowledge of an individual, the stronger the
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relationship between his or her access frequency and learning
performance will be.

Hypothesis 3b: The greater the prior knowledge of an individual, the stronger the
relationship between his or her access duration and learning
performance will be.

The results showed that the moderating effect of prior knowledge on the relationship
between individual participation and learning performance was significant for access
duration but not significant for access frequency (¥2 (5, N=219) = 5.601; GFI=.99,
AGFI=.96, RMSEA=.023). As a strong positive effect of online participation for
individuals with prior software knowledge was found only for access duration, as
suggested in hypothesis 3b.

The model supported the hypothesis that the main effects of access frequency, access
duration, and prior knowledge significantly predicted learning performance. In
addition, prior knowledge moderated the relationship between access duration and
learning performance but not between access frequency and learning performance,
thereby supporting hypothesis 3b but disconfirming hypothesis 3a.

DISCUSSION

This study empirically examined how learning styles affect students’ learning
performance. Results confirmed the mediating effect of online participation.
Specifically, the results showed that students who have a sensory learning style have
higher online learning performance and that this relationship is explained by higher
online participation in terms of access frequency and access duration. This finding
may stem from the fact that sensing learners tend to like learning facts, solving
problems by well-established methods, and are more practical and careful than
intuitive learners [5]. Therefore, they may be more motivated to participate in online
courses that consist of concrete steps and easy-to-follow instructions. Additionally,
prior knowledge moderated the relationship between online participation and learning
performance, but only in terms of access duration. When prior knowledge was high,
individuals’ access duration was positively related to learning performance.

A very important practical implication is the possibility of increasing students’
learning performance by improving students’ online participation. It is very difficult
for students to adjust their different levels of learning style, therefore, universities
should take actions to enhance students’ online participation in Web-based instruction.
In addition, universities could administer tests of learning style for students before
they take online courses. Then, the students who are best-suited to this type of
learning are encouraged to take online courses to increase their learning performance,
whereas, the education system should alert students if their learning style does not
seem to be able to benefit from online learning.
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