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a b s t r a c t

This study measured high-school learners' cognitive load as they interacted with different web-based
curriculum components, and examined the interactions between cognitive load and web-based concept
learning. Participants in this study were 105 11th graders from an academic senior high school in Taiwan.
An online, multimedia curriculum on the topic of global warming, which lasted for four weeks, provided
the learning context. After students worked through the curriculum, their feelings about the degree of
mental effort that it took to complete the learning tasks were measured by self-report on a 9-point Likert
scale. An online test and the flow-map method were applied to assess participants' concept achieve-
ments. The results showed that curriculum components such as scientific articles, online notebooks, flash
animations and the online test induced a relatively high cognitive load, and that a lower cognitive load
resulted in better concept achievement. Also, students appeared to adopt different learning approaches
that were corresponding to different levels of cognitive load.

� 2010 Elsevier Ltd. All rights reserved.
1. Background rationale

With the rapid development of multimedia and internet technologies, web-based learning (WBL) environments have started a revolu-
tion in the transmission of course information through the application of hypermedia-based links that unite text, images, audio, video,
animations, exercises, etc., to present concepts in multiple forms. In addition to hyper-linked content presentation, other critical charac-
teristics of WBL environments, such as online discussions, instant or asynchronous feedback, databases, and information searches were
integrated into course activities to support knowledge construction. According to Jonassen (1996), themain function ofWBL, comparedwith
classroom-based teaching and learning, is to provide external stimuli that gain the attention of sensory organs to enhance learners'
endurance and concentration. Nevertheless, it is sometimes too easy to assume that multimedia provide a better learning environment,
without considering the ways that the organization and distribution of multimedia components may interact with learning.

In the literature, many studies have claimed that the incorporation of multimedia and online technologies in instruction can improve
learning. For example, Mayer and Moreno (1998) demonstrated that multimedia promoted cognitive development. Jim (2001) found that
online learning enhanced students' engagement in collaborative activities. Nevertheless, it has been shown that the advantages of online or
web-based learning are limited for beginners or passive learners, because theywere found to be either cognitively overloaded when dealing
with multimedia, or disoriented in the online learning environment (Jim, 2001; Mayer, 2005).

The results of studies that examined concept learning in web-based contexts have also been inconsistent. For example, Zhang and Zhou
(2003) reported that among 39 students who were free to select optional courses in Management Information Systems (MIS), those who
took part in e-learning instruction attained significantly higher quiz scores than those in traditional instruction. Kekkonen-Moneta and
Moneta (2002) showed that students who took online, interactive, and multimedia courses had significant gains in applied-conceptual
knowledge, in comparison with those who took traditional courses. However, in a study conducted by Bryant, Campbell, and Kerr (2003), it
was found that while online learning produced higher grades on conceptual tests, compared to the traditional style, it resulted in lower
grades on projects and notes. In sum, students' learning does not always significantly improve in online environments.
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The studies mentioned above suggest that more in-depth analyses are needed to clarify how web-based multimedia applications affect
learners' cognitive processing during learning. In this study, we attempted to address this issue from the perspective of cognitive load theory
(CLT), by exploring how different web-based curriculum components resulted in differences in cognitive load (CL), and howdifferences in CL
interacted with web-based concept learning.

CLT, which takes into account the limitation of working memory capacity, stresses that optimum learning occurs when the load on
workingmemory is kept to a minimum, to facilitate schema acquisition and automation (Sweller, 1988). According to Pass andMerrienborer
(1994), CL is referred to as the load imposed on the cognitive system during the completion of a task. Three types of CL are generated during
learning. One is the intrinsic CL, which is related to the intrinsic nature of the material and cannot be altered. Another is the extraneous CL,
induced by inadequate instructional design. The last is the germane CL, which directly reflects learners' efforts to construct and store
schemas during learning (Sweller, Van Merrienboer, & Paas, 1998). It is the ultimate goal of instructors to design lessons with low intrinsic
and extraneous CL but high germane CL (Paas et al., 2003).

CLT asserts that different curriculum elements impose a varying CL onworking memory. The intensity of the CL depends on the extent to
which a number of curriculum elements must be processed simultaneously in working memory (Sweller et al., 1998). When materials in
a course are high in element interactivity, extraneous CL will be produced if the course is not properly designed and presented to learners
(Paas et al., 2003). Specific instructional strategies have been recommended by researchers to reduce the extraneous load. For example,
instructional techniques such as goal specificity, worked examples, completion problems, example elaboration training, etc., have proven to
be effective ways to reduce extraneous load (Paas et al., 2003; Stark et al., 2002). In multimedia learning environments, Mayer and Moreno
(2002) emphasized the contiguity principle, in which text and images must be presented simultaneously to enhance concentration and
comprehension. In addition, they stressed the importance of the modality principle, in which words are better presented as audible
narration than as written or on-screen text. In short, well-integrated and elaborated instruction has proven to be an effective way to reduce
extraneous CL and increase germane CL.

As presented above, studies that utilized CLT focused mainly on the comparison between two different instructional designs (e.g., text
with image or sound, or various forms of examples or problems). Web-based learning environments differ from traditional classroom
settings, in that they are more complex and often incorporate many different media and online resources. Nevertheless, few studies have
paid attention to the issues of how different media and resources embedded in a web-based curriculum might induce different degrees of
CL. Instructors need such information to avoid the arrangement of learning tasks and activities that may cause excessive CL, hence this study
discussed the issue.

Another purpose of this study was to probe individual differences in CL. The issue of individual differences in learning is a perennial one
in educational research. In the literature regarding web-based learning, many studies have found the effects of personal beliefs, motivations,
learning styles, and cognitive traits on academic performance (e.g. Graf, Liu, KinshukChen, & Yang, 2009; Lin & Kinshuk, 2005; Meyer, 2003).
Investigations based on CLT have demonstrated that learner characteristics accounted for the phenomenon that the “same” learning
environment was differentially demanding and produced different learning results (Goldman, 2009; Scheiter, Gerjets, Vollmann, &
Catrambone, 2009). Among various learner characteristics, we were particularly interested in students' learning approaches. Some
researchers have pointed out the relationship between learner navigation profiles and learning outcomes in hypermedia environments
(Barab, Bowdish, & Lawless, 1997; MacGregor, 1999). Other studies have found that learners' processing strategies mediated the relationship
between instructional design and cognitive load (Gerjetc & Scheiter, 2003; Scheiter et al., 2009). Based on these studies, we argue that when
learners adopt inadequate learning approaches in web-based environments, high CL may be induced, regardless of the instructional design.

According to information processing theory, when a person is attending to problem-solving, his/her cognitive attention is focused on
either changes in the current problem state or the elimination of differences between the current problem state and the goal state (Newell &
Simon,1972). During this process, the person's cognitive processing capacity is devoted to the transformation of the problem state. The level
of CL, according to CLT, can determine the degree of cognitive devotion. Since learning is inseparable from problem solving, the degree of CL
is thus thought to reveal a learner's cognitive attention to a learning task. Accordingly, a comparative analysis of the profiles of CL distri-
bution by different CL groups might disclose possible relationships between CL and learning approach.

This study also tested for gender differences in CL. As mentioned, the CL effect is related to the working memory capacity. Gender
differences in working memory structure have been reported in recent neurological and psychological studies (e.g., Litwiller, 2005; Speck
et al., 2000). Whether such differences can be found in CL profiles is an important question for pedagogical purposes, and it has not been
extensively surveyed. Many educational studies have pointed out that gender differences exist in information-processing approaches,
learning styles, and the use of online search strategies (e.g., Liang & Tsai, 2009; Severiens & Ten Dam, 1994; Wehrwein et al., 2007; Yang &
Anderson, 2003). However, we know little about howmales and females approach learning tasks inweb-based environments.We examined
the CL profiles of both genders in order to better understand this issue.

2. Method

2.1. Subjects

The present study surveyed 105 students from the 11th grade, 24 males and 81 females, from three intact classes at an academic senior
high school in Taiwan. All participants had finished the basic earth-science curriculum of the 10th grade.

2.2. Instruments

2.2.1. The issue-based online curriculum
Aweb-based curriculum on the topic of global warming, which lasted for four weeks, was given to students before assessment of their CL

and concept achievements. The issue of global warming was chosen because this topic was not included in the 10th graders' learning
material, so the influence of prior experiences was expected to be minimal. The curriculumwas divided into four online lessons that utilized
articles, pictures, animations, online discussion, forums, notebooks, etc. to address the issue of global warming. Three participants were



Table 1
Summary of the online test and paired-t test results.

Test Mean S.D. N df t value Effect size (ES)

Pre-test 14.27 2.95 105
Post-test 15.71 3.70 105

Pre-Post test �1.48 3.35 105 104 �4.43** 0.43

Note**: p < 0.01.
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grouped together as a collaborative team, and each team was paired with another for discussion and feedback. In each lesson, related
scientific concepts were either introduced and discussed via online sources such as scientific articles, pictures and animation, or teacher
lectures were followed by online activities such as discussion, forums, information searches, notebooks or chat rooms. Each teamwas asked
to complete several group assignments and reports. These online lessons were previewed for content validity by four content experts,
including one geology professor, one ancient-climatology scholar and two senior high school teachers.

2.2.2. Self-rating measurement of cognitive load
Empirically, CL can bemeasured by the cognitive cost, which is the amount of effort a learnermust apply. Sweller et al. (1998) argued that

measures of mental effort revealed important information about CL that was not always exhibited in performance and mental-load
measures. In this study, therefore, learners' mental efforts to process and comprehend learning materials, and to participate in web-based
activities, were taken as the indicators of their CL. The measurement of mental effort, compared with concept achievement, was expected to
uncover the effects of the web-based curriculum.

In the literature, the technique used most frequently to measure mental effort is a subjective measurement that requires learners to
assess their cognitive processes and report the degree of their mental efforts (on a rating scale). In the present study, a 9-point symmetrical
Likert scale was applied. This rating scale was initially developed to evaluate perceived task difficulty (Bratfisch, Borg, & Dornic, 1972).
Research in the context of CLT has shown this scale to be highly reliable and sensitive to relatively small differences in CL (Ayres, 2006; Paas
& Van Merrienboer, 1994).

After finishing the online curriculum, students were asked to self-rate their mental effort in processing the instructional components,
such as science articles, pictures, animations, films, discussion forums, computer-operating techniques, chat rooms, notebooks and infor-
mation searches. They were asked questions such as:

“When you were reading scientific articles in the web-based curriculum, did you feel that you made a great deal of mental effort? Please
rate your efforts on the 9-point scale.”

There were twelve such questions, each pointing to one of the curriculum components. The internal consistency of the scale (the alpha
value) was 0.73, which was acceptable. The total mean loads of these components were calculated to represent students' overall mental
effort in completing the curriculum. To probe issues regarding differences in cognitive stress when interacting with web-based learning, the
students were divided into three groups (low, medium and high), using one standard deviation of the total mean as the grouping standard.
This grouping technique was employed to make explicit the differences in CL for further comparisons. Consequently, 17, 71 and 17 students
were classified into high, medium and low CL groups, respectively.

2.2.3. Assessment of learning outcomes
Two methods were used to assess the students' concepts of achievements. One was an online test developed by the authors. The online

test, in multiple-choice form with 28 items, had acceptable internal consistency (Cronbach's alpha) equal to 0.73. An example is described
below.

Question: The main cause of Global Warming is:

(a) Pollution from factories and automobiles
(b) Orbital eccentricities of Earth and variations in the Sun's output
(c) The greenhouse effect
(d) Natural factors

Each correctly answered questionwas granted 1 point, for a total of 28 points. An incorrect answer cost no points, but no point was given.
The other method was the flow-map technique developed by Anderson and Demetrius (1993), which was designed to explore learners'

cognitive structures. Bischoff and Anderson (2001) found that with enough related knowledge, students were able to transform their simple
Table 2
Summary of the flow-map performances and paired-t tests.

Item Mean S.D. N df t value Effect size

Pre-serial links 5.52 3.95 105
Post-serial links 8.69 4.87 105
Pre-post serials �3.16 4.89 105 104 �6.63** 0.92

Pre-complex links 0.4 1.08 105
Post-complex links 0.6 1.06 105
Pre-post complex 0.2 1.05 105 104 �1.93* 0.26

Note**: p < 0.01, *p < 0.05.



Table 3
Students' cognitive loads with respect to the course components by self-report.

Course components Range Mean SD Ranking

Min Max

Scientific articles 1.00 9.00 5.26 1.75 2
Science pictures 1.00 9.00 4.23 1.86 7
Flash(animations) 1.00 9.00 4.95 2.12 4
Discussion 1.00 9.00 4.55 1.80 5
Computer usage 1.00 8.00 5.26 2.08 2
Video 1.00 8.00 3.24 2.13 10
Online test 3.00 8.00 6.29 1.35 1
Chat room 1.00 8.00 3.07 1.95 11
Course schedule 1.00 9.00 3.72 1.88 8
Interactive activity 1.00 8.00 3.26 1.81 9
Online notebook 1.00 9.00 5.06 2.37 3
Information search 1.00 8.00 4.50 2.15 6

Total score 53.38 11.65
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cognitive structures intomore complicated ones. Thus, the expansion of a learner's concepts may serve as an indicator for changes in his/her
cognitive structure. The flow-map procedure is described as follows. First, learners were asked to freely recall ideas about a scientific concept
or natural phenomenon. Afterward, the researchers extracted embedded conceptual propositions from the students' original narratives and
found linkages between concepts. Two kinds of conceptual linkage can be counted by the flow-map method: serial and complex links. The
serial links represent a subjects' immediate recall of related concepts, while complex links reveal the reappearance of concepts. This method
has been used in many studies concerning concept learning in science, and has proven to be highly effective in assessing changes in
cognitive structures (Anderson et al., 2001; Tsai, 1998, 2000; Wu & Tsai, 2005; Yang, 2004; Yang & Chang, 2009).

By analyzing respondents' unrestrained written narratives regarding global warming, we were able to extract relevant concepts that
appeared in their responses, map the cognitive structures in accordance with students' concept flows, and then measure the number of
concepts and linkages between concepts. To estimate inter-coder reliability, 10 random samples of student responses were examined. The
intra-rater reliability and inter-rater reliability (cross-connection) were 0.92 and 0.88 respectively. The differences were resolved through
discussion.

To explore the interactions between differences in CL and web-based concept learning, an analysis of variance (ANOVA) was performed
for the flow-map linkages of the CL groups and an analysis of covariance (ANCOVA) was performed for the online test performance of the CL
groups. For ANCOVA, pretest results were counted for the effect of covariance. Although the sizes of the three CL groups were unequal, the
test of homogeneity showed that our data met the homogeneity requirement (Leven ¼ 0.25, P > 0.05).
3. Results and discussion

3.1. Progress/improvement in concept learning

3.1.1. Results of the online test
The results of the online test are shown in Table 1. Although it was assumed that students were unfamiliar with the topic, the pretest

showed that their prior knowledge was appreciable. This knowledge may have come from media such as TV and online resources. The
paired t-test showed a significant improvement (t ¼ �4.42, p < 0.001, ES ¼ 0.43) after the online curriculum.

At the end of the online test, an open-ended question was posted to assess participants' feelings about the online curriculum. Students'
responses suggested that most of them felt comfortable and positive toward the online curriculum. They also expressed that the online
collaborative learning provided more interactions among peers, which was very different from traditional classroom learning.

3.1.2. Results of the flow-map assessment
According to previous studies, learning outcomes are best measured by multiple assessments (Alavi, George, & Yoo, 2002; Ponzurick,

France, & Logar, 2000). To this end, the flow-map method was applied in this study. As Table 2 shows, the paired-t tests showed signifi-
cant concept achievements in both serial (t ¼ �6.63, p < 0.001, ES ¼ 0.92) and complex forms (t ¼ �1.93, p < 0.05, ES ¼ 0.26) of concept
linkages after the online curriculum. The high effect size in the gain in serial links, which supposedly better reflects the memorization of
Table 4
Gender differences in cognitive load scores by independent t test analysis.

Item Gender Mean S.D. N t value Effect size

Scientific articles Male 5.96 2.07 24 1.98* 0.46
Female 5.05 1.60 81

Chat room Male 2.38 1.31 24 �2.55** 0.59
Female 3.28 2.07 81

Search method Male 3.83 2.30 24 �1.75* 0.41
Female 4.70 2.08 81

Note: *p < 0.05; **p < 0.01.



Table 5
Variations in cognitive load for different curriculum components by different cognitive groups.

Cognitive Load
(CL) group

Scientific
articles

Science
pictures

Flash
(animations)

Video Online
notebook

Discussions Chat
room

Interactive
activities

Information
search

Course
schedule

Computer
usage

Online test

LCL Mean 4.18 2.35 3.47 1.35 3.35 3.76 1.65 1.71 2.82 2.65 4.00 5.65
N ¼ 17 SD 2.13 1.27 2.03 0.61 2.06 1.52 0.79 1.10 1.59 1.73 2.06 1.27
MCL Mean 5.30 4.27 4.87 3.20 4.95 4.39 3.15 3.20 4.47 3.58 5.31 6.23
N ¼ 71 SD 1.62 1.59 1.93 1.90 2.27 1.76 1.92 1.56 2.06 1.75 2.00 1.33
HCL Mean 6.18 5.94 6.76 5.29 7.21 6.00 4.18 5.06 6.29 5.41 6.29 7.18
N ¼ 17 SD 1.33 1.75 1.71 2.23 1.24 1.46 2.13 1.82 1.61 1.46 1.83 1.07
Total Mean 5.26 4.23 4.95 3.24 5.06 4.55 3.07 3.26 4.50 3.72 5.26 6.29
N ¼ 105 SD 1.75 1.86 2.12 2.13 2.37 1.80 1.95 1.81 2.15 1.88 2.08 1.35
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concepts (Yang, 2004; Yang & Chang, 2009), implied that the web-based environment might be more effective for rote learning. Never-
theless, it must be pointed out that the standard deviations (SD) for complex links were rather high. The high SD, in fact, suggested indi-
vidual effects worthy of further examination.
3.2. Analysis of the cognitive load

Table 3 displays the CL means for each curriculum component. According toTable 3, most of the students felt that the online test took the
most cognitive effort. The scientific articles, animations, computer usage, and online notebook received a mean CL higher than 4.5 (the mid-
point of the 9-point scale). On the other hand, the video, chat room, course schedule and interactive activities seemed to induce relatively
low CL. In sum, our study demonstrated that different instructional components in a web-based curriculum brought about different CL
effects. It also appeared that components that were less interactive in nature (except for discussion) required more mental effort.

With respect to gender difference, it was found (as shown in Table 4) that the CL displayed by male and female participants was
significantly different during the reading of scientific articles, participation in the chat room and searches for online information. In addition,
except for the reading of scientific articles, the mean Cl of females was significantly higher than that of the males. In brief, male students
seemed to be overloadedwhen reading scientific articles, considering that the CLmean of this component inmales was higher than the total
CL mean (5.26). Female subjects may have engaged more in the chat room and in searching for information without much difficulty, given
that the CL means of the two activities, though higher than the total means, were not higher than the mid-point (4.5) of the 9-point scale.

As mentioned before, to explore differences in CL in interactionwith web-based learning, participants were classified into high, medium
and low CL groups (HCL, MCL and LCL, respectively), using one standard deviation of the total mean scores as the grouping standard. There
were 17 students in HCL, 71 in MCL and 17 in LCL. Table 5 shows the means of the CL scores of each component with respect to different CL
groups. The CL means for different curriculum components are also compared across different CL groups.

As shown in Table 5, the mental effort spent on the online test was the highest across the three CL groups. In contrast to the online test,
LCL students required more mental effort to read scientific articles and manage the computer, and less for discussions and animations. For
theMCL group, computer usage turned out to be themost cognitively costly task, followed by the reading of scientific articles. Their effort on
the online notebook and animations was also evident (higher than 4.5). The HCL students, while they gave a rather high CL score on each
component, showed their highest mental effort in taking online notes, followed by watching animations. Activities such as searching
information, managing the computer and reading scientific articles also induced high CL (higher than 6). In sum, the results reported above
support the idea that there are individual differences in CL effects in the same learning environment.
3.3. Analyses for concept achievement and different cognitive-load groups

As shown in Table 6, The ANOVA disclosed a significant difference in flow-map performance among the three CL groups (F(2,104)¼ 3.23,
P< 0.05). The post-hoc least significant difference (LSD) test (as displayed onTable 7) showed that the performance of serial concept links by
the LCL group was better than those of the other two groups. Meanwhile, MCL students performed better than HCL subjects in producing
serial concept links. It should be noted that although the three groups were not equal in size, and as a result, the power of the analysis might
be reduced, the finding was consistent with previous CLT studies asserting that the less CL, the higher the academic performance.

The findings reported above support the idea that CL induced by different learning tasks does indeed play a role in mediating concept
learning. Briefly stated, working memory capacity is limited, and a learner can only deal with a few concepts simultaneously. If the
requirements of a concept-learning task exceed cognitive capacity, only a few conceptual connections will be built. It should be noted that
the impact of CL was found mainly in the performance of serial-concept linkages. On the other hand, Table 6 shows that the mean complex
Table 6
Summary of the flow-map performances by different cognitive-load groups.

Amounts of concept links Mean SD N

LCL post serial links 11.18 3.88 17
MCL post serial links 8.46 4.57 71
HCL post serial links 7.23 6.05 17
LCL post complex links 1.00 1.00 17
MCL post complex links 0.59 1.04 71
HCL post complex links 0.23 0.56 17

Note: LCL: low cognitive load; MCL: medium concept load; HCL: high concept loads.



Table 7
ANOVA for the flow-map performances of different cognitive-load groups.

Serial links SS df MS F value Effect size LSD post-hoc

Between 144.66 2 72.33 LCL > MCL*
Within 2287.19 102 22.42 3.23* 0.57 LCL > HCL*
Total 2431.85 104 MCL > HCL*

Complex links
Between 4.99 2 2.49
Within 112.21 102 1.1 2.27 NA NA
Total 117.20 104

Note: (1) LCL: Low cognitive load; MCL: medium concept load; HCL: high concept loads; (2) *P < 0.05.
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linkages of the three CL groups ranged from 0.23 to 1, with standard deviations higher than the means. This suggests that the web-based
curriculum did have effects beyond serial linkages, in that high standard deviations also indicate major individual differences. However,
since the sample sizes were small (two groups had only 17 students), the power of the post hoc analyses may have been reduced. Thus,
additional research is needed to determine to what extent students' construction of complex links across concepts may be affected by
multimedia treatments, in interaction with cognitive stress.

As for the results of the online test, one-way ANCOVA showed significant differences among different CL groups (F(2,104)¼ 7.13, P< 0.01)
when the effect of covariance (i.e., the pretest effect) was eliminated (as shown in Table 8 and Table 9). According to the LSD post hoc
comparison, it was apparent that theMCL and LCL students performed better than the HCL subjects. It is noteworthy that themean scores on
the online test showed that HCL subjects displayed no gain at all, while the LCL group had a more appreciable, but still modest, gain on the
online test. The overall mean might have masked some of the individual differences that were clarified by the division of the groups into
high, medium and low cognitive demand. There are clear differences in the effects of cognitive stress, in interaction with the multimedia
presentation, on learning outcomes. In short, the results indicate that the task demands and efficiency of an instructional design vary among
different learners.

It has been assumed that mental effort refers to an individual's cognitive cost when completing a task. By comparing concept
achievement and distribution of CL (i.e. within-group comparisons), we tried to show how students managed their mental effort on
different curriculum components that might consequently affect their concept learning. Since the CL scale ranged from 1 to 9, we considered
that scores higher than 6 implied cognitive overload. According to the CL distribution of each group as shown on Fig. 1, it was evident that
both LCL and MCL students contributed more of their mental effort in processing information that was directly related to concept expla-
nations and elaborations (such as reading scientific articles and animations). In particular, LCL students spent relatively highmental effort on
discussions that signified the social process of meaning construction. On the other hand, HCL students devotedmore of their mental effort to
activities such as online notebooks, animations, and information searches.

If we agree that CL indicates a learner's cognitive attention, it becomes reasonable to say that the LCL group seemed to direct more of
their cognitive attention to activities that were more oriented toward meaning construction, such as reading scientific articles, animations
and participating in discussions, given that LCL students mastered more concepts following presentation of the curriculum. However, for
HCL students, although they allocated high mental effort to each component, attention to topic-related information might not have been
their priority. These results suggest that the LCL group might have adopted an information-processing approach that was more efficient in
producing germane CL than the other two groups did, which eventually facilitated concept learning. More studies are needed to test this
conclusion.
4. Educational implications

The results of this study suggest that curriculum components of the web-based curriculum used in the present study, such as scientific
articles, online notebooks, flash animations and online tests, may require high mental effort. When these components are combined,
students will be subject to high cognitive pressure. On the other hand, video, chat rooms and interactive activities appear to be easier tasks.
It is, therefore, recommended that different curriculum components should be arranged in alternating order, in accordance with the CL that
they might arouse, to avoid too much exploitation of mental effort.

Furthermore, to reduce extraneous load, modality principles that combine text with narrations or images could be applied in instruc-
tional design (Mayer, 2001; Sweller, 2005). Sufficient time should also be allowed for students to process online text information, since some
recent studies have shown that ample time for processing text increases germane cognitive load, which facilitates schema construction
(Harskamp, Mayer, & Suhre, 2007; Tabber, Martens, & Van Merrienboer, 2004).
Table 8
Summary of the online test results for different cognitive-load groups.

Cognitive load group Mean SD N Rang

Pre-test
LCL 15.82 3.00 17 9e20
MCL 14.29 2.75 71 8e20
HCL 12.59 2.96 17 5e17

Post-test
LCL 17.94 3.84 17 13e24
MCL 15.99 3.08 71 9e22
HCL 12.35 4.59 17 2e20



Table 9
ANCOVA for the online test results for different cognitive-load groups.

DF MS F P LSD post-hoc

Covariance 3 167.75 18.33 0.000 LCL > HCL*
Pre-test 1 221.64 24.22 0.000 MCL > HCL*
groups 2 65.27 7.13 0.001
Error 101 9.15

Note: R Squared ¼ 0.35 (Adjusted R Squared ¼ 0.33).

Fig. 1. Distribution of mental effort by different cognitive groups.
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As Tables 3 and 4 show, gender differences were apparent with respect to scientific articles, chat rooms and information searches. While
male subjects seemed to feel overloaded with articles, female subjects showed higher engagement in chat rooms and information searches.
Instructors can make use of these gender differences in curriculum design. For example, some concept-related questions can be formulated
in a more informal way and posted in the chat room to enhance females' interest in the topic. For male learners, the reading of scientific
articles may be broken down into sections and accompanied with activities that take less mental effort, such as information searches, to
compensate for the high cognitive cost.

With respect to concept learning, the flow-mapmethod and online test revealed thatmost of the participants showed concept gains after
working through the curriculum. This result supports the idea that the web-based curriculum is beneficial for concept learning. However,
the flow-map result suggests that the effect of the web-based curriculum might be more apparent in simple concept memorization than in
sophisticated concept understanding. A similar result was found in a previous study (Yang & Chang, 2009). Meanwhile, the mean scores of
the online test showed that HCL subjects displayed no gain at all, while the LCL group had amore appreciable, yet modest, gain on the online
test. This result supports the idea that CL induced by task demands indeed plays a role inmediating concept learning, but the intensity of the
CL and the corresponding effects may vary across individuals. Instructors should collect such information in order to develop adaptive
instruction.

The analyses of the means and distributions of CL with respect to different curriculum components point out that whether an instruction
is effective may also depend on the students' learning approaches. To optimize the effectiveness of web-based curricula, students should be
introduced to appropriate ways of dealing with different learning tasks. It is recommended that instructors take time to discuss with
students the design purpose of each curriculum component, and ask them to think about what should be completed for each learning task
and how to achieve it. This kind of metacognitive analysis is believed to be helpful for the comprehension of web-basedmaterials (Schwartz,
Anderson, Hong, Howard, & McGee, 2004; Scott & Schwartz, 2007). In addition, students should be encouraged to share their learning
approaches with each other, so that HCL students can learn from LCL peers.
5. Conclusions

The results of this study imply that the efficiency of a web-based curriculum depends not only on the instructional design, but also on
how students approach and process the curriculum materials. Information about CL with respect to curriculum components can help
instructors organize course activities. This information can also, more or less, reveal students' learning approaches during web-based
instruction. For future studies, qualitative analyses that probe students' online learning strategies and self-regulated learning skills, along
with CL investigations, are recommended to disclose more about students' web-based learning behaviors.
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