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Abstract As adopting information and communications technology to deliver instruction
and facilitate learning, course management systems (CMSs) offer an alternative capabil-
ity to enhance management practices. Based on innovation diffusion theory, this study
explores CMS effectiveness (EF) and reliability (RL), and considers both perceived innova-
tive attributes (IA) and demographic characteristics. This study also exams the moderating
effect of complexity (CX) and mediating effect of function evaluation (FE) on the causal
relationship between IA and outcome variables (i.e., EF, RL). Analysis also includes the
differential effects of three types of CMSs and gender differences. Participants were 238
undergraduates, majored in business or management, who volunteered to complete an online
survey. Results show that perceived IA affect RL and EF, but not FE. CX moderates the effect
of perceived IA on RL, but does not moderate the effects of perceived IA on FE and EF. EF,
but not FE, appears to mediate the effects of perceived IA on RL. There is no significant
difference in model fit between genders, but there is among the type of CMS solution group.
Conclusions and implications are offered regarding the future research for program leaders
and practitioners.
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1 Introduction

Management education has expanded and discussed considerably as a form of professional
development to enhance managerial practices. Academia scholars and organization practi-
tioners have been seeking to bridge the gap existed ostensibly due to the fact that the two
parties look at managerial practices from different perspectives. To understand the potential
issues, recent studies have focused on management education (Baldwin et al. 2011; Bar-
tunek and Egri 2012; Egri 2012; Engwall 2007; Ireland 2012; Yen-Chun Jim et al. 2010),
specifically the issues of value (Aldag 2012; Greve 2012; Moosmayer 2012), gender disso-
nance (Kelan and Jones 2010; Tella and Mutula 2008), and knowledge management system
(Martins and Kellermanns 2004; Redpath 2012). The utilization of knowledge management
system assisted by information and communications technologies (ICTs) in the management
(business) education is the gist of the study. Since colleges and universities increasingly offer
courses online, students need skills to succeed in these relatively innovative ICT-supported
learning environments (Wadsworth et al. 2007). Technological innovations often fail because
researchers pay too much attention to technical or product-related features, and tend to ignore
user acceptance, which is one of the most important parameters (Verdegem and Marez 2011).
However, relatively little attention has been given to the role of perceived IA in explaining
why technologies are used (or not) (Braak and Tearle 2007). Fulk and Gould (2009) called
for published research to report in great detail the features of technologies and the contexts
in which they and their users are situated during the period of the study. Alias and Zainuddin
(2005) posited that general diffusion theories should be used to bridge instructional theories.
The social construction viewpoint often treats ICTs as an objective and external force affecting
organizational structure (Rogers 1995). More recent work of Rogers (2003) has emphasized
the importance of understanding the attributes of an innovation, asserting that the perception
of these attributes has a significant effect on predicting the future adoption of that particular
innovation.

1.1 Course management systems (CMSs)

The use of CMSs has become a set of tools that load instruction and learning especially
their ability to generate informed predictions for the likely adoption of IS/IT. Morgan (2003)
reported in both pedagogical impact and institutional resource consumption, course man-
agement systems form the academic system equivalent of enterprise resource planning (ERP)
systems (p. 8). Morgan (2003) also brought up that the introduction of the enterprise-level
CMS in higher education begins a new and important journey of a thousand miles (p. 85).
In its simplest form, a CMS allows an instructor to post information on the Web without
having to know HTML or other computer languages, and provides users with a set of tools
and a framework to develop online course content. A CMS also facilitates subsequent teach-
ing and management (Lane 2008; Trotter 2008). Morgan (2003) posited that making CMSs
available to faculty members and students raises the following questions: which products to
adopt, how to provide them to faculty, and how to maximize their effectiveness (p. 15). Users
of media and technologies tend to be goal-oriented and purposive. In an empirical study of
730 faculty and instructional staff in the University of Wisconsin system, Morgan (2003)
reported that faculty members tend to use static tools for storing syllabi and class materials,

123



Validating innovating practice and perceptions 1603

posting announcements, and dealing with administrative tasks, in addition to the gradebook,
assessment, and discussion group tools. The active initiative of users plays an intervening
role in the use of media or technology in a learning arena. Course management systems
(CMSs) are playing an increasingly critical role in meeting the academic needs of higher
education (Morgan 2003). In the context of electronic courseware adoption (i.e., CMSs),
faculty members are often selective in using specific functions of the system to fulfill their
needs (Park et al. 2007). At the same time, faculty members are likely to actively evaluate
the functions to assess their value for improving teaching performance. Users who favorably
evaluate CMS functions are more likely to use, and a stronger behavioral intention to keep
using, the technology than those who do not (Park et al. 2007). The motives and strategies
of those who adopt CMSs, particularly in educational settings, have been an issue for years
even though the use of CMSs in higher education is not clear or well-researched (Casmar
and Peterson 2002). Though there are many examples in higher education where the use of
CMS is well-acknowledged and fully embedded into courses, its use is still patchy in certain
aspects and not yet fully confirmed (Jacobsen 2000).

Shen et al. (2006) proposed a model of how social influences (i.e. subjective norms) shape
online learners’ perceptions toward usage of course delivery systems based on Theory of Rea-
soning Action (TRA). And they indicated that better understanding the factors that influence
perceived usefulness and perceived ease-of-use in online learning has potential to improve the
design and implementation of learning systems. Based on Technology Acceptance Model,
Martins and Kellermanns (2004) developed and tested a model predicting business school
students’ acceptance of a Web-based course management system, i.e. WebCT. Their finding
revealed that students were more likely to perceive an innovative CMS as useful when they
perceived greater performance incentives as a changing motivator to use the system. Mar-
tins and Kellermanns (2004) also suggested that future research could explore the effects of
student participation in the decision to use a particular CMS on student acceptance of the
system. Concerning which product to adopt as the major solution, Malikowski (2008) pointed
out that many CMSs from different vendors tend to offer the same core features, but each
system labels the feature differently. In their study on bridging CMS technology and learn-
ing theory, Malikowski et al. (2007) suggested that CMSs should categorize features by their
function, instead of their name. The core and most frequently-used CMS features are (a) post-
ing and transmitting information and material relevant to the courses, (b) recording learning
performance, (c) administering quizzes/surveys, (d) managing group collaboration asyn-
chronously, and (e) managing and scheduling course-related resources/events (Berking and
Gallagher 2011; Malikowski et al. 2006). System characteristics directly affect user beliefs
and acceptance of technology in different contexts (Davis et al. 1989; Lau and Woods 2009;
Selim 2003). Introducing user perception of technology effectiveness, Abdalla (2007) pro-
posed technology effectiveness model (TEM) and validated the model with the e-Blackboard
learning in one university. Results suggested that the ease of use and the usefulness positively
influenced student’s attitudes towards the system, which in turn determines technology’s
effectiveness.

CMSs are sometimes labeled as learning management systems (LMSs) within the user
community, but they are distinctly different in the sense that they do not deliver the core
learning experiences—those are provided live in classrooms (Berking and Gallagher 2011).
Berking and Gallagher (2011) defined that LMSs are optimized for the delivery of learner-
led and embedded learning in an asynchronous communication format. That is, LMSs
are used primarily in the business and government training community, while CMSs are
most commonly used in higher education. Because CMSs are designed more for education
than for training, there is likely no point in comparing their advantages and disadvantages.
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Examples of CMSs include Blackboard�, WebCT�, eCollege�, Moodle (open source),
Scholar360�, WebStudy�, Wisdom Master� (Taiwan domestically), and others developed
by academic organizations. LMS examples include Moodle (open source), Oracle Learning
Management�, Google CloudCourse, CompanyCollege LMS�, SAP Enterprise Learning�,
and SCORM Cloud�. Specifically, Wisdom Master� is a platform programmed by SUN
NET Technology. Currently, Wisdom Master� serves as major CMS solution for more than
70 % of colleges and universities in Taiwan. This study intends to examine different solu-
tions of CMSs: international solution (e.g., Blackboard �), domestic solution (e.g., Wisdom
Master�), and university self-developed.

1.2 Innovation diffusion theory (IDT)

Diffusion of innovation should be research-based, and one of the best known researchers is
Everett Rogers (Romiszowski 2004). His work has provided a theoretical basis for much
of the research in the field of innovation diffusion. Rogers (2003) defined diffusion as
the process by which an innovation is communicated through certain channels over time
among the members of a social system (p. 5). Innovation diffusion then can be consid-
ered to be the reasons why, and the process through which, an innovation is adopted
by people in a specific setting or community (Braak and Tearle 2007, p. 2967). Innova-
tion diffusion theory offers insights into different aspects of this process. Rogers (1995)
identified and structured his work on four aspects of innovation diffusion: the diffusion
process, individual human characteristics that affect people’s adoption of an innovation, peo-
ple’s perceptions of an innovator’s characteristics, and the pattern of the changing rate of
adoption of an innovation as it passes through different stages. Rogers (1995) posited the
following:

The diffusion research literature indicates that much effort has been spent in studying
“people” differences in innovativeness (that is, in determining the characteristics of
the different adopter categories) but that relatively little effort has been develoted
to analyzing “innovation” differences (that is, in investigating how the properites of
innovations affect their rate of adoption). This latter type of research can be of great
value in predicting people’s reactions to an innovation. (p. 204)

Diffusion of an innovation occurs through a five-step process: knowledge-persuasion-
decision-implementation-confirmation (Rogers 1995). Persuasion is the stage in which the
individual is aspired to get to know the innovation, and actively seeks information/detail
about the innovation(Rogers 1995). That is, perceived characteristics of innovation occur in
the persuasion stage. Building on Rogers’s early work in 1983, Dearing and Meyer (1994)
proposed a set of eleven attributes of an innovation profile to determine the degree of innova-
tion adoption. Rogers (1995) identified five innovative attributes (IA), which he postulated
affected its adoption: relative advantage (RA), compatibility (CP), complexity (CX), observ-
ability (OB), and trialability. Of these five attributes, RA, CX, and CP are primarily associated
with decisions of either adoption or rejection. Considering the research context, this study
considers the IA proposed by Rogers (1995) and Dearing and Meyer (1994).

Following Roger’s view of both 1995 and 2003, the current study adopts a production uti-
lization standpoint to validate whether proposed IA differ among ICT-assisted environments
(i.e., CMSs). Oh et al. (2003) theorized that IA, as antecedents of attitudes toward technology,
are mediated through perceived ease of use and perceived usefulness. In a study about devel-
oping an innovation scale of computer attributes for learning, Braak and Tearle (2007) found
those IA have a significant effect on ICT use for learning (i.e., CMSs). Chang and Tung (2008)
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combined innovation diffusion theory and the technology acceptance model in addition to
two external variables perceived system quality and computer self-efficacy to examine behav-
ioral intentions to use the online learning course websites. They found that CP, perceived
usefulness, perceived ease of use, perceived system quality, and computer self-efficacy were
critical factors.

1.3 Gendered difference: dissonance and consistency

A number of empirical studies documented the differential gender attitudes toward the use
of computing technologies (Caspi et al. 2006; Chou et al. 2011, Ding et al. In Press; Kay and
Lauricella 2011; Lin et al. 2012). Earlier research indicated females tend to express negative
attitudes and less confidence toward technology use in computer-mediated learning environ-
ments (Dambrot 1985; Gutek and Bikson 1985; Neuman 1991; Reinen and Plomp 1997). To
evaluate gender differences in ICT attitudes, Broos (2005) administered a quantitative study
(n = 1, 058) to a sample of 18 years or older. Broos (2005) reported that gender differences
appeared in three aspects of attitudes towards new communications technology: computer
anxiety, computer liking, and internet attitude. Males were generally more self-assured about
ICTs, whereas females revealed an attitude of hesitation. Moreover, the influence of prior
experience with computers works differently for males and females. Baloglu and Çevik
(2008) proposed that there may be different levels of gender anxiety now than previously,
especially in an era when computers are more commonly integrated into our daily lives. Bulter
et al. (2005) reported that females demonstrated greater career-related IT skills than males in
basic computer skills, spreadsheet programs, database programs, and website creation. The
female students in the study demonstrated greater IT skills than the males, and placed higher
value on those skills, demonstrated greater use of computer-mediated platforms for learning
(e.g., Blackboard�), and outperformed males in academic achievement in an online setting
(DeNeui and Dodge 2006). Gender also devotes different daily time spent on the use of
the Internet for communication, e-mailing, chatting, information access, downloading, and
entertainment (Akman and Mishra 2010).

Contrary to these findings of gender differences in ICT acceptance, recent research
presents opposing results. Kay and Lauricella (2011) examined whether the use of lap-
tops in higher education classrooms is disproportionally advantageous to males and disad-
vantageous to females in two types of behavior: on-task behaviors [note-taking, academic
activities, instant messaging (IM)] and off-task behaviors (e-mail, IM, games, movies, dis-
tractions). They found no gender differences with respect to IM for academic purposes.
However, regarding off-task behavior, females were more distracted by their peers’ use of
laptops than males, whereas males reported that they played significantly more games dur-
ing class. Previous research on the gender differences in ICT perceptions and acceptance
of ICT-assisted learning has reported mixed results. Therefore, this study assumes that gen-
der difference is no longer rooted in the availability of ICT access, but in gender traits
such as user intention and behaviors. The gender issue has shifted from a focus on broad-
stroke, holistic differences to more specific considerations such as specific domain knowl-
edge acquisition and instructional methodology (Lin and Overbaugh 2009). Malikowski
et al. (2006) found that traditions and norms affect LMS adoption more than course size
or program type. However, organizational factors such as course discipline, course type
(mandatory or elective), class size, staff size, instructor status, and timing of the course
within the study program, remain mostly neglected in the context of LMS use and satis-
faction (Naveh et al. 2010). In the current environment of rapidly evolving ICT applica-
tions, it is even more substantial to develop a comprehensive framework to understand the
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Fig. 1 Conceptual research model

antecedents and corresponding contexts of technology acceptance in management education.
Therefore, this study investigates the causal relationship between IA and CMS reliability
(RL) among college student users. This study considers five of proposed antecedents as
IA, and considers the remaining four as more essential components of CMS functionality
attributes.

2 Materials and methods

To determine the role of CMS innovation in the effectiveness and RL of CMSs, this study
considers both the moderating effect of CX and the intervening effect of function evaluation
(FE) on the causal relationship between IA and outcome variables. This study also examines
the differences in effects produced by different CMSs and genders.

Structural equation modeling (SEM) is a commonly-used approach to regression analy-
sis and factor analysis (Eye et al. 2003). This study applies SEM to validate the hypoth-
esized overall model (Fig. 1). For each variable that adopts the same numerical measure-
ment scale (i.e., Likert Scale of 1–7), no transformation of scale is used. A composite
score of perceived IA was created by summing RA, economic advantage (EA), CP, OB,
and divisibility (DV). Perceived IA is hypothesized to have an effect on FE, effectiveness
(EF), and RL. Each of these effects is hypothesized to be moderated by CX, so an inter-
action term (i.e., a product term of IA and CX) is created to examine moderating effect
of CX.

2.1 Participants and procedures

The participants were a purposive sample of 238 college students enrolled in manage-
ment courses offered via CMSs (i.e., Wisdom Master�, Blackboard�, and self-developed)
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in Taiwan. The demographic composition of the participants was 59.2 % (n = 141)
males and 40.8 % (n = 97) females. Of the participants, 43.3 % (n = 103) were tak-
ing courses via Wisdom Master� (abbreviated as WM and coded as CMS 1), 17.2 %
(n = 41) were using Blackboard� (abbreviated as Bb and coded as CMS 2), and
39.5 % (n = 94) were using their university’s self-developed CMS (abbreviated as SD
and coded as CMS 3). The set of online scales was administered by the researchers
via Google DocsTM, and took about 10–15 min to complete. The students were invited
to respond to the scales on a voluntary basis. No course credits or other rewards were
given to the participants. The participants were assured of confidentiality. Due to the use
of a non-random sample, generalizing of the results of this study is limited to similar
groups.

2.2 Measures

2.2.1 Perceived innovative attributes

Following prior studies (Braak 2001; Braak and Goeman 2003), this study accounts for the
nature of the innovation as the adoption of CMS use for learning in higher education. The
scale, which consists of the five attributes and 14 items, was expected to be strongly related
to the actual use of computers for learning. The questionnaire measured how much students
used computers for learning (see Appendix 1). The participants rated their perception level on
a 7-point Likert scale, ranging from strongly disagree (1) to strongly agree (7). The internal
consistency of the scale is .97.

2.2.2 Scale of function evaluation (FE)

Eight items from the scale measured the belief of self-efficacy by phrasing them as indi-
viduals’ judgments of their perception to use the CMS to produce overall attainments, as
opposed to accomplishing specific sub-tasks. The sample item is I feel confident in using
online discussion board. The items were ranked by a 7-point Likert scale with an internal
consistency of .93.

2.2.3 Scale of reliability (RL)

Two items from the scale were adapted to the conceptual definition of being consistent
in communication. Verdegem and Marez (2011) defined RL as a dimension of perceived
risk that is not covered by other determinants (p. 413). The items are: (1)using CMS for
learning is better than not using it; (2)using CMS for course management is better than
not using it. The items were ranked by a 7-point Likert scale, with an internal consistency
of .90.

2.2.4 Scale of effectiveness (EF)

Two items from the scale were adapted to the conceptual definition of being relatively capable
in achieving an idea state. The items are: (1) CMS assists me to learn effectively; (2) CMS
assists me to fulfill course requirement effectively. The items were ranked by a 7-point Likert
scale, with an internal consistency of .89.
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Table 1 Correlations among variables

Variable IA CX RL EF FE

Innovation (IA) –

Complexity (CX) .843*** –

Reliability (RL) .831*** .795*** –

Effectiveness (EF) .906*** .811*** .831*** –

Function evaluation (FE) .768*** .721*** .645*** .696*** –

*** p < .0001

2.2.5 Scale of complexity (CX)

Two items from the scale were adapted to the conceptual definition of how easy to understand
and to use. The items are: (1) CMS is relatively easy to understand; (2) CMS is user-friendly.
The items were ranked by a 7-point Likert scale, with an internal consistency of .87.

3 Results and discussion

Each composite score was centered by its mean before analysis. Kenny and Judd (1984)
recommended that raw scores should be mean centered prior to the formation of product
terms and formal analysis. Correlations among five perceived IA (i.e., RA, EA, CP, OB, and
DV) are all above .75 and contribute to Cronbach’s Alpha of .94. Factor analysis shows that
each of these five domains has a factor loading of at least .9 on one factor, as they are proposed
to represent a latent construct of a perceived IA. This study adopts a composite score of IA
rather than a latent factor of IA (i.e., a latent construct reflected by RA, EA, CP, OB, and DV).
This decision was made in the current study considering its small sample size that can induce
upward bias and overestimated parameter values for testing the latent interaction effect (Sun
et al. 2011). The correlations among variables ranged from approximately .6–.9 (Table 1).

Jaccard and Choi (1996) indicated that if the interaction term consists of a single variable
(as would be the case in a single product term between continuous variables), the approximate
sample size needed to achieve a power of .8 at α = .05 is 130. Although this is a ballpark
estimate in SEM-based regression analysis, the current study (with a sample size of 238)
effectively monitors the issue of statistical power in using a single interaction term rather
than five product terms (i.e., each of RA, EA, CP, OB, and DV is multiplied by CX) to
represent the latent construct of interaction between perceived IA and CX.

3.1 Moderating effect of complexity

Based on the full model in Fig. 1, Table 2 summarizes the results for Model 1 (with both CX
and interaction of IA*CX), Model 2 (with CX as a moderator), and Model 3 (with no CX as
a moderator). Perceived IA and CX consistently had statistically significant effects on FE,
effectiveness, and RL at an alpha level of .05. Effectiveness also had a statistically significant
effect on RL.

Including CX and IA*CX significantly improved model fit, with the p-values for chang-
ing χ2 being <.0001 (Model 3–2) and .0152 (Model 2–1), respectively. However, only by
including the interaction effect (i.e., IA*CX) is it possible to achieve an acceptable model fit
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Table 2 Complexity (CX) as a
moderator of the effect of
innovation on reliability

Note Numerical values within
parentheses are standard errors of
path estimates.
* p < .05
Model 1: Full model
Model 2: Full model excluding
interaction (IA*CX)
Model 3: Full model excluding
both interaction (IA*CX) and
complexity (CX)

Parameter Model 1 Model 2 Model 3

χ2 .389 10.828 42.796

df 1 4 7

p .5326 .0286 <.0001

RMSEA 0 .085 .147

NFI .997 .924 .700

Models 1 vs 2 Models 2 vs 3

p for change of χ2 .0152 <.0001

Path estimate Model 1 Model 2 Model 3

IA → FE .553 (.07)* .553 (.07)* .782 (.03)*

IA → EF .783 (.05)* .785 (.05)* .955 (.04)*

IA → RL .285 (.08)* .270 (.09)* .553 (.08)*

CX → FE .256 (.08)* .255 (.07)*

CX → EF .175 (.05)* .174 (.05)*

CX → RL .248 (.06)* .267 (.06)*

IA*CX → FE .003 (.04)

IA*CX → EF .009 (.03)

IA*CX → RL −.109 (.03)*

FE → EF −.032 (.04) −.032 (.04) −.055 (.04)

EF → RL .372 (.08)* .381 (.08)* .339 (.08)*

of χ2 = .389 (df = 1, p = .5326), a root mean square error of approximation (RMSEA) close
to zero, and Bentler–Bonett Normed Fit Index (NFI) close to one. This moderating effect
is also shown by a statistically significant path estimate of −.109 from the interaction term
of IA*CX to RL. CX acted as a moderator of the effect of perceived IA on RL. However,
CX failed to moderate the effects of perceived IA on FE and effectiveness, as shown by
the very small path estimates of IA*CX to FE (.003) and IA*CX to EF (.009) respectively.
To preserve more degrees of freedom for subsequent analyses, the remainder of this study
uses a reduced model that does not specify these two paths (i.e., IA*CX to FE and IA*CX
to EF).

3.2 Mediating effect of effectiveness and function evaluation

This section examines the roles of FE and effectiveness as mediators of the effect of perceived
innovation attributes on RL. Based on a reduced model (i.e., excluding paths of IA*CX to
FE and IA*CX to EF from the diagram in Fig. 1), Table 3 summarizes the results for Model
4 (reduced model), Model 5 (reduced model using only FE as a mediator), Model 6 (reduced
model using only EF as a mediator), and Model 7 (reduced model excluding both FE and
EF as mediators). Figure 2 shows that perceived IA and CX consistently had statistically
significant effects on FE, effectiveness, and RL at an alpha level of .05. Effectiveness also
had a statistically significant effect on RL.

Using FE, effectiveness, or a combination of these factors as mediators of the effect of
perceived innovation attributes on RL produced acceptable model fits, as indicated by an
RMSEA value close to zero and a Bentler–Bonett NFI close to one in Models 4, 5, and 6. Not
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Table 3 Effectiveness and function evaluation as mediators of the effect of innovation on reliability

Parameter Model 4 Model 5 Model 6 Model 7

χ2 .496 .007 .097 19.560

df 3 1 1 2

p .9199 .9354 .7554 < .0001

RMSEA 0 0 0 .1925

NFI .997 1 .999 .863

Models 4 vs 7 Models 5 vs 7 Models 6 vs 7

p for Change of χ2 < .0001 < .0001 < .0001

Path estimate Model 4 Model 5 Model 6 Model 7

IA → FE .553 (.07)* .553 (.07)*

IA → EF .785 (.05)* .767 (.05)*

IA → RL .285 (.08)* .594 (.07)* .285 (.08)* .583 (.06)*

CX → FE .255 (.07)* .255 (.07)*

CX → EF .174 (.05)* .165 (.05)*

CX → RL .247 (.06)* .321 (.06)* .247 (.06)* .317 (.06)*

IA*CX → RL −.108 (.03)* −.105 (.03)* −.109 (.03)* −.108 (.03)*

FE → EF −.032 (.04)

FE → RL −.044 (.05)

EF → RL .372 (.08)* .372 (.08)*

R-square

FE .61 .61

EF .83 .83

RL .76 .73 .76 .77

Note Numerical values within parentheses are standard error of path estimates.
* p < .05
Model 4: Reduced model
Model 5: Reduced model using only Function Evaluation as a mediator
Model 6: Reduced model using only Effectiveness as a mediator
Model 7: Reduced model excluding both Function Evaluation and Effectiveness as mediators

using FE and effectiveness as mediators adversely affected model fit, with Model 7 showing
a p-value for the change of χ2 as < .0001. RL was more affected by effectiveness (with
path estimates from EF to RL = .372 and R-square in RL as .76 in Models 4 and 6) than by
FE (with a path estimate from FE to RL = −.044 and R-square in RL as .73 in Model 5).
When including EF as a mediator of the effect of perceived IA on RL, the path estimate of
IA to RL dropped from .583 in Model 7 to .285 in Models 4 and 6. When including only FE
as a mediator, the same path had no substantial change of estimates (i.e., .594 in Model 5
compared to .583 in Model 7). Effectiveness appears to be a stronger mediator than FE for
the effect of perceived IA on RL.

Perceived IA consistently had significant effects on effectiveness (i.e., path estimates of
IA → EF = .785 in Model 4 and .767 in Model 6) at an alpha level of .05, even when Model
4 used FE as a mediator of the effect of IA on EF. FE does not appear to mediate the effect
of perceived IA on effectiveness.
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Fig. 2 Mediating effect of effectiveness and function evaluation

3.3 Differences among three types of CMS users

This section compares two model fits from fitting any two CMS groups as the same model
or independent models. Table 4 shows that p-values for change of model fits are .022 for
CMS 1 versus CMS 2, < .001 for CMS 1 versus CMS 3, and .006 for CMS 2 versus CMS
3. All values of �CFI, �Gamma hat, and �McDonald’s NCI exceeded −0.01, −0.001, and
−0.02 respectively, which suggests to reject the null hypothesis of invariance based on the
simulation study of Cheung and Rensvold (2002). In other words, each CMS group appears
using a unique structural model for predicting RL. When CMS groups were estimated as
independent models, 87, 72, and 67 % of variance in RL for CMS 1, 2, and 3 were explained
respectively. When fitting any two CMS groups as independent models, RMSEA consistently
dropped close to zero, unlike the RMSEA of fitting them as the same model. Since models with
no cross-group constraint fitted reasonably well, no further exploration of weak measurement
invariance was pursued (Meredith 1993). For CMS 1, CX had the greatest effect on RL with
a path estimate of CX → RL as .462. For CMS 2, perceived IA had the greatest effect on RL
with a path estimate of IA → RL as .436. For CMS 3, effectiveness had a greater effect on
RL with a path estimate of EF → RL as .553.

3.4 Differences between genders

This section compares two model fits from fitting two gender groups as the same model or
independent models. Table 5 below shows that the p-value for change of model fits is .953.
In other words, there was no statistically significant difference between gender groups in
terms of the structural models used to predict RL. Although �Gamma hat > −0.001 and
�McDonald’s NCI > −0.02 suggested to reject the null hypothesis of invariance based on
Cheung and Rensvold (2002) study, path estimates between gender groups didn’t appear to
be drastically different. Proportion of variances in variables FE, EF, and RL also appeared
comparable between gender groups.
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Table 4 Difference of structural models in predicting the reliability between CMS groups

Parameter CMS 1 vs CMS 2 CMS 1 vs CMS 3 CMS 2 vs CMS 3

Change of χ2 31.951 54.925 36.509

Change of df 18 18 18

p for change .022 < .001 .006

RMSEAI .077 .117 .096

NFII .666 .536 .559

CFII .861 .646 .746

Gamma HatI .920 .904 .903

McDonald’s NCII .966 .922 .947

pI .0842 .0002 .0295

RMSEAII 0 0 0

NFIII .980 .990 .975

CFIII 1 1 1

Gamma HatII .995 .998 .995

McDonald’s NCIII .991 .987 .989

pII .9124 .9784 .9034

Path estimate CMS 1 vs CMS 2 CMS 1 vs CMS 3 CMS 2 vs CMS 3

IA → FE .701* vs .501* .701* vs .49* .501* vs .49*

IA → EF .834* vs .847* .834* vs .606* .847* vs .606*

IA → RL .283* vs .436* .283* vs .258 .436* vs .258

CX → FE .074 vs .447* .074 vs .24 .447* vs .24

CX → EF .156* vs .016 .156* vs .32* .016 vs .32*

CX → RL .462* vs .122 .462* vs .067 .122 vs .067

IA*CX → RL −.04 vs −.255* −.04 vs −.096 −.255* vs −.096

FE → EF −.043 vs .036 −.043 vs −.008 .036 vs −.008

EF → RL .214* vs .265* .214* vs .553* .265* vs .553*

R-square

FE .59 vs .77 .59 vs .50 .78 vs .50

EF .89 vs .79 .89 vs .80 .79 vs .80

RL .87 vs .72 .87 vs .67 .72 vs .67

I parameter estimates after fitting two CMS groups as the same model.
II parameter estimates after allowing two CMS groups to fit as independent models.
Note R-square: The proportion of variance for the observed variables that were explained.
* p < .05

3.5 Level of reliability in various groups of CMS, gender, and interaction of IA*CX

As illustrated in Table 6, this section summarizes average RL scores in different groups of
CMS, genders, and interaction using centered-by-mean IA*CX (i.e., Group 1: both IA and
CX are positive; Group 2: both IA and CX are negative; Group 3: IA is positive and CX
is negative; Group 4: IA is negative and CX is positive). Because the scale of CX is coded
to conceptually define the ease of understanding and using course management systems, a
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Table 5 Difference of structural
models in predicting the
reliability between gender groups

I parameter estimates after fitting
the same model to gender groups.
II parameter estimates after
allowing gender groups to fit as
independent models.
Note R-square: The proportion of
variance for the observed
variables that were explained.
* p < .05

Parameter Male vs Female

Change of χ2 9.2705

Change of df 18

p for Change .953

RMSEAI 0

NFII .929

CFII 1

Gamma HatI .986

McDonald’s NCII .981

pI .9936

RMSEA II 0

NFI II .993

CFIII 1

Gamma HatII .999

McDonald’s NCIII .991

pII .9872

Path estimate Male vs Female

IA → FE .533* vs .571*

IA → EF .775* vs .8*

IA → RL .279* vs .299*

CX → FE .255* vs .259*

CX → EF .181* vs .17

CX → RL .26* vs .233*

IA*CX → RL −.094* vs −.129*

FE → EF −.016 vs −.062

EF → RL .355* vs .386*

R-square

FE .57 vs .66

EF .84 vs .82

RL .74 vs .78

higher value of CX represents greater ease. For Group 1, CMS 1 had the highest average
RL of 2.22, followed by 2.16 for CMS 2 and 1.86 for CMS 3. However, in Groups 2 and 3
(i.e., when both IA and CX were below averages or only CX was below averages), subjects
in CMS 1 had the lowest average RL of −2 and .24. The average RL in CMS 1 might be
more sensitive than CMS 2 and CMS 3 to changes in the number of IA and level of CX. This
observation supports the results in Table 4, because CMS 1 is the only group that produced
significant estimates on both paths of IA → RL and CX → RL.

For Group 4, when attributes were perceived as less innovative but easier to understand
or use, female subjects in CMS 3 had the lowest average RL of −.36, while subjects in all
other CMS groups had positive average RL. The exact opposite trend appeared in Group
3, in which female subjects of CMS 3 had the highest average RL of 1.64, when attributes
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Table 6 Summary of average centered-by-mean reliability scores

Group Group 1 Group 2 Group 3 Group 4

IA and CX = + IA and CX = − IA = + and CX = − IA = − and CX = +

n Mean n Mean n Mean n Mean

All subjects 84 2.07 120 −1.6 21 .83 13 .48

CMS=1 31 2.22 58 −2.0 10 .24 4 .64

CMS=1 and male 23 2.33 42 −2.1 9 .19 4 .64

CMS=1 and female 8 1.89 16 −1.9 1 .64 0 NA

CMS=2 21 2.16 13 −1.7 4 1.39 3 .97

CMS=2 and male 4 .14 5 −1.4 0 NA 2 .64

CMS=2 and female 17 2.64 8 −2.0 4 1.39 1 1.64

CMS=3 32 1.86 49 −1.2 7 1.35 6 .14

CMS=3 and male 17 1.64 27 −.99 5 1.24 3 .64

CMS=3 and female 15 2.11 22 −1.4 2 1.64 3 −.36

Male 44 1.87 74 −1.6 14 .57 9 .64

Female 40 2.29 46 −1.7 7 1.35 4 .14

+ Numerical values of a variable centered by its mean are positive.
− Numerical values of a variable centered by its mean are negative.
NA not applicable

were perceived as innovative but more complex. This suggests that RL perceived by female
subjects in CMS 3 might be more affected by perceived IA than by CX. This observation
echoes the results of Table 5, in which female subjects typically have a stronger path estimate
on IA → RL (i.e., .299) than on CX → RL (i.e., .233). However, this observation requires
further verification from future studies, as there were only two female subjects from CMS 3
in Group 3 and three female subjects from CMS 3 in Group 4.

4 Conclusion and discussion

The purpose of this study is to validate the proposed model of causal relationship among the
abovementioned attributes, and presents the following findings. Perceived IA consistently
affected FE, effectiveness, and RL. Yet, FE did not appear to mediate the effect of perceived
IA on effectiveness. The effect of IA on RL was mediated by effectiveness, but not FE. CX
acted as a moderator of the effect of perceived IA on RL, but did not moderate the effects of
perceived IA on FE and effectiveness. Each CMS group used a unique structural model for
predicting RL. These findings revealed no gender effect in terms of the structural models for
predicting RL.

Despite the potential of CMSs for learning, many teaching faculty use CMSs merely
as a delivery mechanism for course content/material communication (Vovides et al. 2007).
Teaching faculty tend to be the lead facilitators of CMS usage, and students are more likely to
be recipients. The participants of this study are college students, who are recipients in terms
of the CMS application. Therefore, their perception towards the kind of CMS solution might
be confounded by the instruction. To control this factor, we purposively invited the intact
groups taught by faculty with similar andragogy. Still, it is unclear how much students can
really benefit from the aid of ICTs as the study intended to understand the effectiveness of the
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CMSs. Osborn (2010) suggested that instructors presenting tutorial materials via a CMS (i.e.,
Blackboard�) should provide external incentives to maximize learning. He stressed that this
tactic is especially critical for general education courses or classes in which learners are not
intrinsically motivated to learn. In the context of computer-mediated communication (CMC)
attribution, Braak (2001) hypothesized that the higher the perceived congruency between
the attributes of CMC as an innovation and familiarity of teaching practice, the more likely
teachers are to use CMC. In other words, the perceived attributes of CMC are strongly related
to technological innovativeness and attitudes towards using CMC.

Another related issue of prime importance for the acceptance of CMSs (at least in higher
education) is the workload that it creates for students and staff (Romiszowski 2004). As
initiatives are put in place to extend and integrate the use of CMSs for instruction and
learning in higher education, it is important that relevant instruments be made available to
help predict or indicate likely adoption patterns, and hence highlight areas for pre-emptive
action (Braak and Tearle 2007). More, Shen et al. (2006) reported that the social nature of
the online learning course plays a mediating role in the use of the technology, still much
research is need to articulate how the social influences interact with other antecedents and
under what circumstances the social beliefs are more or less influential. The use of ICTs does
not guarantee andragogy or effective instruction. By attempting to combines ICT diffusion
theories with the instructional theories employed in educational settings, this study provides
useful implications for educators, scholars, and practitioners.

Acknowledgements The authors gratefully acknowledge the subsidy of this research grant (99-2511-S-142-
012-98WFA0D00038) by the National Science Council of Taiwan.

5 Appendix 1

Table 7

Table 7 Perceived innovative attributes

Attributes Scale item
I perceive that …

Relative advantage (RA1) CMS improves my quality of course management

(RA2) CMS improves my quality of learning

Economic advantage (EA1) investing in CMS for course management is cost-effective

(EA2) CMS is superior to the one(s) I ever used

Compatibility (CP1) using CMS is consistent with my past experiences

(CP2) using CMS is consistent with my existing values
(CP3) using CMS is consistent with my learning needs
(CP4) using CMS is consistent with my social practices

Observability (OB1) when my instructor use CMS for course management, the peer can
perceive sense of immediacy

(OB2) when my instructor use CMS for instruction, I perceive the positive results

(OB3) CMS supports me to achieve learning goals my instructor sets

(OB4) accessing course materials with CMS gets more effective

Divisibility (DV1) the use of CMS for course management serves different goals

(DV2) the use of CMS for learning serves different goals
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