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Abstract

This study explored the effects of 2D- versus 3D-based media representations on the influence of
the spatial visualization ability of undergraduate science majors. A pre-test/post-test comparison-
group experiment was conducted with 23 participants involved in the study. Participating students
were randomly assigned either to the interactive 3D media representation group (n = 13) or the con-
ventional 2D media representation group (n = 10); learning materials in both groups deliver the
same information to students, but employ different media representations. All the activities were per-
formed in a self-paced, web-based instructional system. The results of ANCOVA analysis showed
statistically insignificant difference between groups in terms of students’ post-test scores on the spa-
tial visualization ability test with the students’ pre-test scores as the covariate. However, a medium
effect size was observed in favor of the 3D group in terms of practical significance. As a pilot study
with a small sample size aiming to probe the research direction of this problem, the result of medium-
sized effect magnitude is likely to implicate that the discrepancy of different representational design
on students’ performance of spatial ability assessment is noteworthy. Future study of this nature
appears to merit further replications and investigations.
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1. Introduction

Spatial ability refers to a group of cognitive functions and aptitudes relevant to spatial
tasks which is considered as an important factor in human intelligence, one which is essen-
tial to several scientific and engineering activities (Bodner & Guay, 1997; Lajoie, 2003;
Olkun, 2003). Several studies have noted the high correlation between spatial ability
and learners’ achievement in various domains, such as chemistry (Bodner & Guay,
1997), engineering drawing (Potter & Merwe, 2001), and medical surgery (Eyal & Tendick,
2001). In everyday life situations, as some early works cited by Lajoie (2003) revealed, spa-
tial ability is essential to activities like driving and orienting vehicles in unfamiliar physical
surroundings. Meanwhile, it is also likely that spatial ability may influence the meta-cog-
nitive learning of science and engineering. A few preliminary empirical works recently
reported that learners with different degrees of spatial ability are likely to hold different
attitude toward multimedia instructions and learning activities that include videos and
three-dimensional computer animations (Huk, Steinke, & Floto, 2003). It appears that
spatial ability seems to influence not only students’ capacities for performing scientific
or engineering skills, but may also take effects on students’ perception of learning activities
at the meta-cognitive and affective levels.

Empirical works have frequently detected the correlations between spatial ability and
achievements on domains relevant to spatial manipulations. Fundamental research on
analyzing spatial aptitude and developing appropriate instrumentation has also clarified
factors underlying spatial ability (Bodner & Guay, 1997; Lajoie, 2003; Shepard & Metzler,
1971). The role of spatial ability in successful science and engineering activities is likely to
be prominent. However, it is a missing ring that, until now, the statistical effect of apti-
tude-treatment interaction (ATI) between instructions and spatial ability is still understud-
ied, which results in a dilemma that no evidence-based recommendations can be found
regarding how to apply abundant findings of spatial aptitude into educational practices
(Kyllonen & Lajoie, 2003; Lajoie, 2003). Huk et al.’s (2003) finding of spatial aptitude
by courseware-design interaction is likely to be an alternative ATI effect that the statistical
interaction between students’ spatial ability and their attitudes toward different designs of
the e-learning courseware module was revealed, although the targeted measure is not stu-
dents’ achievements in terms of domain knowledge acquisition. Nevertheless, studies of
the relation of spatial ability and instruction seem not mature enough to direct real appli-
cations. Two main open questions include (1) how to use spatial ability in instructional
design for science/engineering learning, and (2) how to develop it (Lajoie, 2003). The later
question is within the focus of this work.

Researchers have suggested that spatial ability can be enhanced and taught by some
instructional designs (Alias, Black, & Gray, 2002; Kwon, 2003; Lajoie, 2003; Potter &
Merwe, 2001; Woolf, Romoser, Bergeron, & Fisher, 2003). Some works demonstrated that
instructions using computer-based 3D visualizations can provide learners with adequate
spatial experiences for developing their spatial ability (Kwon, 2003; Woolf et al., 2003).
However, few empirical studies have established the causal relationships in greater depth.
Moreover, no studies have explored the effects of two-dimensional (2D) versus three-
dimensional (3D) media representations on the influence of the spatial ability of under-
graduate students.

After reviewing meta-analyses and other studies of instructional media’s influence on
learning, Richard Clark (1983, 1985) concluded that there are no learning benefits to be
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gained from employing any specific medium for the purpose of instruction. He went on to
argue that most media or computer-aided instruction (CAI) research, which compared
CAI with conventional means of instruction or other media-based means, has suffered
from inherently flawed methodologies. He also made the claim that media are only instruc-
tional vehicles which do not influence students’ achievement or learning (Clark, 1994,
2001). Therefore, according to Clark’s claim (Clark, 1994), only instructional methods
can influence learning; media by themselves cannot do so. On the other side, empirical
works on multimedia learning have reported some interesting results that confirmed the
dual-coding hypothesis (Mayer & Anderson, 1991; Najjar, 1996). When multimedia
instruction is designed properly that information encoded in multiple media representa-
tions is well integrated and permits cognitively referential processing to happen, it is likely
to result in additive learning effects (Mayer & Anderson, 1991; Najjar, 1996; Paivio, 1990).
The arguments around instructional media and multimedia learning seem to suggest very
different positions about multimedia use in instruction, however, in our view, the core
question is still about: under what condition and in what form will multimedia instruction
become effective, such as an effective instructional method can be realized or cognitive ref-
erential processing can be triggered.

Modern multimedia technologies are matured enough allowing educators to have more
options in designing the instructions. For the development of computer-based tutorials for
spatial visualization skills, the comparison of 2D and 3D representations is considered nec-
essary and informative in informing future design decision and the literature of multimedia
learning. Specifically, the features of 3D navigation, interactivity, and simulation offered by
the 3D media may help science and engineering educators to actualize novel instructional
methods. The purpose of this study was to carry out such a comparison. Since spatial abil-
ity is a complex construct in which several similar but distinct skills may involve, it is nec-
essary to clarify and restrict the scope of this study. Two major categories of spatial ability
identified by previous works are spatial rotation and spatial visualization (Bodner & Guay,
1997). The later is considered to be more difficult and challenging. This study employed the
Purdue visualization and rotation test (PVRT) in which adequate validity and reliability on
assessing spatial visualization ability have been established, as the measuring instrumenta-
tion in the study. Accordingly, a web-based learning environment featuring interactive 3D
visualization for instructing spatial visualization ability was designed to meet the purpose
of the study.
2. Purpose of the study

The purpose of this study was to investigate the comparative effects of using web-based
tutorials differentiated in including either 2D representation or interactive 3D representa-
tion, on the influence of undergraduate students’ spatial visualization ability. The compar-
ative effects of different media representations were investigated and analyzed in detail.
3. Methodology

This section describes the web-based tutorials used in this study, the characteristics of
our participants, the experimental design, the measurement used, and the methods of data
analysis employed in this study.
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3.1. CooTutor: web-based tutorials for spatial ability

The CooTutor (Coordinate Tutor) system is a web-based system incorporating multiple
media representations aimed at facilitating learners’ spatial reasoning. Details of the system
and its other revisions are described in Wang, Li, and Chang (2004, in press). Fig. 1 gives an
overview depicting the system architecture of the web-based tutorials designed and used in
this study. On the client side, three main elements form the user interface as the content pre-
sentation area. The main document area presents the main learning materials and contents,
including textual and mathematical contents. These learning materials are typically
authored in HTML format for easy incorporation of 3D media representation. By embed-
ding scripting codes for 3D presentations (e.g., procedural programs of 3D animation) into
them, these HTML documents are enriched with 3D contents programmed in the form of
embedded JavaScript codes. When users interact with the user interface on-line, the system
will activate the scripting codes and provide 3D visualization in the 3D blackboard module.
These functions are implemented by using Java 3D technology and FastScript3D toolkits
(Koehler, 2003). All learning resources on the server side are delivered through the HTTP
protocol to the client side.

Fig. 2 shows the user interface featuring interactive 3D representation. The 3D black-
board is a module that provides 3D visualization and interactivity to help learners attain
better reasoning with spatial concepts. Learners are allowed to interact with the 3D black-
board by dragging the mouse using different modes of navigation, e.g., zooming, panning
and rotating, to view 3D models with different perspectives for better understanding of the
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Fig. 1. System architecture of the web-based tutorials.



Fig. 2. User interface with 3D blackboard.
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contents. Besides, there is also internal interaction between textual documents and the 3D
blackboard. Learners can read the textual content in the main document area and then
directly manipulate objects in 3D scenes by interacting with user interface objects (e.g.,
buttons, input fields) embedded in the HTML documents. The linkages between textual
descriptions and 3D instantiations can be authored and programmed according to the
need for understanding particular topics. Students can engage in activities of modifying
parameters for three-dimensional transformations, such as translating and rotations, to
see simulated animation results and to construct their understanding of the spatial tasks
accordingly. The design of the user interface was informed by the theory of situated learn-
ing and anchored instruction in terms of providing authentic situations for students to
explore (Cognition & Technology Group at Vanderbilt, 1990; Tretiakov, Kinshuk, &
Tretiakov, 2003). The main document area is used to provide a context narrating instruc-
tional content and the 3D blackboard provides an authentic and visible representation for
the abstract dynamic processes of spatial transformation of 3D objects. Tutorials can be
authored to provide instructions for particular concepts situated in and demonstrated
by 3D visualizations; while the interaction design between the main document and the
3D blackboard allows learners to explore the 3D world and conduct experiments of spatial
transformation freely. This type of user interface aims to provide an environment
which reshapes the contents to be delivered by web-based instruction: in addition to static
documents, we now have dynamic learning activities for promoting students’ active
learning.
3.2. Participants in the experiment

The experiment was conducted in January 2004, in a computer classroom at the College
of Science, National Taiwan Normal University. The duration of the experiment was
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approximately 60 min including an overview of the experiment, the pre-test, the self-paced
learning sessions, and the post-test. Each participant had to complete the pre-test, the self-
paced learning session (using the system), and the post-test. There were a total of 23 under-
graduate students involved in this experiment. All of the participants major in Earth
Sciences. Note that the small sample size is a major limitation of this study in discussing
and generalizing its results.
3.3. Experimental design

A pre-test/post-test comparison-group experimental design was employed, similar to
the one adopted by one of the article authors, Chang (2002, 2003). There were two ver-
sions of the learning materials, using different representations (2D versus 3D) delivering
the same information for comparison. The overview of the experimental design is shown
here schematically:
Group 1: S1 R T1 S2

Group 2: S1 R T2 S2

R = random assignment of students
T1, T2 = experimental treatments, self-paced learning with different representations
S1, S2 = pre-test and post-test, both using the PVRT spatial visualization ability test
We designed a web-based version of the Purdue visualization of rotation test (PVRT) pro-
posed by Bodner and Guay (1997); this web-based PVRT was integrated into our system to
assess all participants’ spatial visualization ability on both the pre-test and post-test. Details
of the instrument will be discussed in the following section.

After the participants entered the system, all of them were immediately tested by using an
identical web-based PVRT. Then they were randomly assigned to either the 2D group (com-
parison group) or 3D group (experimental group) by a computer program. This assignment
was independent of their performance on the pre-test. The comparison group (n = 10)
received learning materials with conventional 2D presentations while the experimental
group (n = 13) received materials with interactive 3D representations.

Note that the duration of the learning sessions was not strictly limited; participants
were only reminded that they are allowed to browse the tutorial freely, repeating when-
ever they liked, within a 35-min period (or less if they preferred); then they would be
assessed by the post-test. Even so, participants were still controlled by the system
and asked to browse all of the contents at least once before they could get permission
to leave the tutorial and enter the post-test. The system asks the participants to confirm
their readiness before entering the post-test session. The experiment was designed based
on the assumption that web-based learning is a self-directed and self-paced activity.
This scenario is thus very different from what happens in a conventional classroom,
where students are assumed to ‘‘learn’’ within a given period of time, even if they do
not really learn. Note that chance-of-learning is also a variable in this experiment: this
factor is the main reason for controlling duration in conventional educational studies,
and so our experimental design also controlled duration by this design. The time spent
by each student in the learning session—i.e., the amount of time each learner spent
after finishing the pre-test and before entering the post-test—was also recorded and
reported.
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3.4. Learning materials with different representations

Two versions of tutorials were put into the experimental design. These two versions,
2D-based and 3D-based ones, both comprise seven HTML pages delivering the same
information. The contents, using tutorial narrations and examples, were intended to
instruct skills for handling spatial visualization tasks and let students construct their
own senses of spatial transformation.

Participants in the 3D group were allowed to manipulate 3D objects presented in the
3D blackboard. On the other hand, for the 2D-based version, only texts and static pictures
are presented. Possible influencing factors like color style and textual description were
designed to be as close to the 3D-based version as possible.

It is worth noting that the architecture of the 3D version features the use of hyperlink-
ing between textual narrations and animated visualization/simulations. In our experiment
the student could press a button labeled ‘‘Press to show the demo’’ embedded in the Web
page, and see the 3D animation presented in the 3D blackboard. Our study attempted to
mimic this function and embedded the same buttons in the 2D-based version. But in the
2D-based version, there was no 3D model and no animation due to the limitations of 2D
representation. Instead, after the student pressed buttons, previously hidden pictorial illus-
trations would become visible immediately. The screenshots of these two versions are
shown and differentiated in Fig. 3, in which (a) is the 2D-based version, and (b) is the
3D-based version.
3.5. Measuring instruments

The web-based PVRT was transplanted from the original version proposed by Bodner
and Guay (1997), which aims to measure the ability of spatial visualization. The original
version was designed as a paper–pencil test comprising 20 items. In order to restrict the par-
ticipants using analytical answering techniques upon these test items, a time limit of 10 min
for the test is also enforced. The estimated reliability coefficient of 0.78–0.80 by using
Kuder–Richardson 20 formula (KR-20) was reported by Bodner and Guay (1997).

The web-based PVRT developed in this study consists of all 20 items of the paper-based
version. For the convenience of answering, the layout of these 20 items was arranged as
two HTML pages where each page shows 10 items. The sequence of items also conformed
to the paper-based version. Also, a time limit of 10 min was enforced strictly. A timer was
embedded in the web-based PVRT shown to participants for reminding the rest of time.
Fig. 4 shows the screenshot of web-based PVRT.

In order to prevent participants answering the post-test by rote or depending on their
impressions of the pre-test, the order of selections for each item of the post-test was rear-
ranged. The web-based PVRT was highly consistent on both pre- and post-tests. For the
pre-test, the KR-20 coefficient was 0.80; and for the post-test, a coefficient of 0.88 was
derived.
3.6. Data analysis

In order to examine and compare the effects of these two groups, an analysis of covari-
ance (ANCOVA) was conducted on the post-test scores with the pre-test scores as the
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(b) interactive 3D-based version.
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covariate. Thus, the independent variable of the analysis was the groups; the dependent
variable was the post-test scores; and the covariate was the pre-test scores.

Before performing the analysis, several underlying assumptions of ANCOVA were first
examined. The assumptions include normality, homogeneity of variance, and homogeneity
of within-group regression. The Kolmogorov–Smirnov tests revealed that both pre- and
post-test scores for both two groups conforming to normality. The Levene’s test of equal-
ity also assured that there was homogeneity of variances between two groups. However,
the result of homogeneity of within-group regression was not strictly conformed. Though
this point makes the process of ANCOVA somewhat informal, it is interesting and
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noteworthy by concerning the design and purpose of this evaluation. The heterogeneity of
regression of these two groups regarding their pre- and post-test scores evidently informs
the influence of the treatment is inconsistent between the two groups. That is, this impli-
cates that the influence of the two media designs is unlikely the same. More discussions
about the result and its implication will be carried on in the following sections. The
ANCOVA analysis was undertaken by using SPSS 11.0 (Statistical Package for Social
Sciences).

4. Results

Table 1 shows the descriptive statistics of participants’ pre- and post-test scores assessed
by the Web-based PVRT. Note that the score of the PVRT test represents the number of
items the participant answered correctly. Since there were 20 items in the PVRT totally,
the highest possible score was 20. If the participant skipped any item of the test, then that
item was treated as answered incorrectly.

As mentioned previously, the duration that each participant stayed in the learning ses-
sion was also recorded. The data were, 2D group: Mean = 4.13 min (SD = 2.87) and 3D
group: Mean = 8.33 min (SD = 4.03). An independent 2-tailed t-test was performed, and
Table 1
Descriptive statistics of participants’ pre- and post-test scores, number of participants: 2D group (n = 10), 3D
group (n = 13)

Pre-test scores Post-test scores

2D group Mean (SD) 3D group Mean (SD) 2D group Mean (SD) 3D group Mean (SD)

13.80 (3.94) 15.08 (3.73) 12.80 (4.59) 15.46 (4.82)

Overall, n = 23 Overall, n = 23
14.52 (3.79) 14.30 (4.81)
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it shows that there existed statistical significance (p = 0.008, smaller than 0.05). It could be
inferred, therefore, that participants of different groups appeared to perform distinct
browsing behaviors as a result of the current study.

The ANCOVA method allows us to eliminate the difference of pre-test scores between
groups, and then the adjusted post-test scores revealing the real effects of the experimental
treatment could be derived. Table 2 shows the result of adjusted post-test scores and the
hypothesis test. The adjusted means with 95% confidence intervals of the result are also
illustrated in Fig. 5.

The adjusted post-test score of the 3D group is higher than the 2D group. However, the
result was not statistically significant, F(1,20) = 1.1, p = 0.307. It is noteworthy that the
overall mean of pre-test scores as shown in Table 1 was 14.52. 2D group’s adjusted mean
of post-test score is less than the overall mean of pre-test, while conversely, the 3D group
reveals an increase comparing to that value. The inclination between pre- and post-test
looks quite different between 2D and 3D groups.

On the other hand, the effect size (g2 = 0.052 or f = 0.234) according to the criteria of
effect size proposed by Cohen (1988, p. 286) is very close to a medium effect size. As
McLean and Ernest (1998, p. 17) described, ‘‘the effect size gives an estimate of the note-
worthiness of the results.’’ The result derived via the analysis could be a valued signal for
informing future directions of investigation.
Table 2
The results of ANCOVA with pre-test scores as the covariate

Adjusted post-test scores ANCOVA F (1,20)

2D group Mean (SEM) 3D group Mean (SEM)

13.238 (1.35) 15.124 (1.18) 1.10 (p = 0.307, g2 = 0.052)

Fig. 5. The adjusted mean of post-test scores with 95% C.I.
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5. Discussion and implications

In this section, the first issue to be discussed is the interpretation of the result of
ANCOVA analysis. Researchers have noted the insufficiency of using only the result of
statistical significance testing in statistical inference (Cohen, 1988; Daniel, 1998; McLean
& Ernest, 1998). One of the main reasons is that the computation of statistical significance
is related to the sample size involved in the analysis. For a small size of samples, like this
experiment, to achieve the statistical significance is inherently more difficult than for a
large one even if both have the same effect size. Conversely, it is quite possible to observe
a statistical significance with a large sample size, even if there was little effect actually.
Some researchers even considered that ‘‘a SST (statistical significance testing) is largely
a test of whether or not the sample is large.’’ (Daniel, 1998, p. 26).

Statistical significance and the coefficient of effect size offer different aspects of informa-
tion. In this case, with a rather small sample size, the result of statistical insignificance is
more likely to happen. The result of medium effect size may signify the possibility of find-
ing statistical significance of this comparison with a future replication of study with a lar-
ger sample size.

As mentioned previously, the experiment aimed to conform to the actual scenario of
web-based learning, and thus adopt an alternative design on offering students equivalent
chance of learning. That is, it lets students to determine the time they want to leave the
learning session. In this study, students in different groups revealed very different behav-
iors regarding time duration they spent in using the program. Since the factors underlying
students’ determination of when to leave the tutorial were not very clear, explanation
of the statistical significance on learning duration should be undertaken cautiously. The
difference may due to the differential features in the two groups of whether to enable
3D animation and 3D navigation or not. Interestingly, it was not so clear and may be
beyond the scope of this study whether staying long is good or bad. On the one hand,
one may treat this as an implication that students preferred 3D representations and were
willing to spend their time to learn with 3D. However, it is also possible that students felt
perplexed by 3D related features and thus spent more time on trying the task of 3D manip-
ulation, but which may not really promote the acquisition of spatial visualization skills.
Roughly speaking, there is still a gap between observing how students behave and under-
standing what students think or whether students learn in this case. Rigorous hypothesis
testing regarding this issue would require further studies recording and analyzing students’
sophisticated usage behaviors in a multiple representations environment like this. How-
ever, analyzing and addressing the implications of behavioral data in terms of underlying
cognitive functions, e.g., spatial aptitude or even learning, are challenging research topics
(Jonsson et al., 2005). Recent research initiatives developing analysis techniques like edu-
cational data mining (Jonsson et al., 2005) and log analyses (Koedinger & Mathan, 2004;
Wang et al., 2005) may help answer our research question in the future.

The scenario of inhomogeneity of regression described in the section of data analysis is
considered as a clue suggesting that different versions of media design influence learners in
different ways. From the descriptive statistics shown in Table 1, we can take a closer look
at this situation. It is interesting to find that there were inverse inclinations between the
two groups. One may initially conjecture that the post-test scores may naturally become
higher than the pre-test scores due to the effect of impression or getting familiar with
the test. However, this is not the fact observed in this study. For the 2D group, the mean
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of post-test scores is even worse than the mean of pre-test, whereas for the 3D group, the
result shows positive increase on post-test. The scenario happened to the 2D group was
similar to the situation reported by Branoff and Connolly (1999) that participants involved
in such pre-test/post-test experimental design may not always score higher on the post-test.
Specifically, when the process of pre-test/treatments/post-test is contiguous within a short
period of time like this study, it is suspected that participants may easily feel bored on the
post-test and unmotivated, and not give their best efforts. From this point of view, such
result might also imply participants’ different attitudes underlying the two groups. Since
the treatment of the two groups was both conducted in the same classroom at the same
period of time, the positive increase of post-test scores, though limited, revealed by the
3D group is likely to be valuable. However, due to the lack of measurements indicating
students’ attitudes toward the learning activities or even the experimental activities at
the meta-level, the current study cannot establish the connection between attitudes and
performance in the spatial visualization test. In following studies, it would be interesting
to investigate the relationships between these two factors. Specifically, Huk et al. (2003)
indicated that students’ spatial ability may influence their attitude toward some learning
activities; while our data seemed to imply that learning activities based on different media
representations may take some effect on students’ attitudes toward the post-test. Mayer
and Massa (2003) have established the relationship between spatial aptitude and learning
preference in which spatial ability is correlated with students’ multimedia learning prefer-
ence (e.g., verbal learning or visual learning). Our hypothesis, which is informed by Mayer
and Massa (2003), conjectures that students’ spatial aptitude, learning preference, motiva-
tion and the context they situated are mutually interfered. Studying the statistical interac-
tion of spatial aptitude by learning-achievement or even the interaction of spatial aptitude
by learning-preference by motivation by learning-achievement will further clarify related
issues, contribute to the study of ATI effect and produce generalizable results regarding
the use of spatial ability in adaptive instruction.

At a higher level, as proposed in the introduction, the study attempted to shed some light
on the question of what kind of multimedia learning will be an effective one in terms of
instructional design for spatial visualization skills. The current study, with the statistical
insignificant result, remains inconclusive of whether additional features of the 3D represen-
tation, such as 3D navigation, interactivity, and simulation bring students additional learn-
ing benefits. Regarding the media and method argument (Clark, 1994; Clark, 2001), it is
inconclusive whether 3D features are necessary instructional methods for spatial ability.
Also, given the result that observable increase on spatial ability scores for students in both
groups is small, whether spatial ability is trainable by our multimedia tutorials is not evi-
denced in this study. However, a medium effect size of the difference between groups on
adjusted post-test, different using behaviors, and the possibly disparate attitude underlay
students were found or inferred.

The results from this study, though seems to be limited by its small sample size, also
provided some valued implications for future works. Three major findings of this study
are: (1) No statistical significance was found between students’ post-test scores in two
groups, but a medium effect size was observed. Future replications of study with a large
sample size may be able to derive statistically significant result for the same hypothesis.
(2) Students in the two groups are likely to possess different browsing behaviors based
on the time duration they spent in using the system. It merits further studies to measure
and analyze students’ behavior in the context of multimedia learning. Recent research
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endeavors of behavior analyses for computer-based learning may provide helpful examples
to explain behavioral data in terms of cognitive functions (Jonsson et al., 2005; Koedinger
& Mathan, 2004). (3) The differential direction of the gain scores (i.e., post-test score sub-
tract pre-test score) for the 2D and 3D groups seems likely to suggest students’ attitudes
toward the post-test was influenced by learning activities. This hypothesis requires further
studies with reliable measures and adequate experimental design to detect the aptitude-
treatment interaction (ATI) effect.
6. Conclusion

As a pilot study, the comparative experimental evaluation with 23 participants has been
conducted. Though the result was not statistically significant (p = 0.307), but a practical
significance regarding the difference between the two groups via the ANCOVA analysis
has been observed (f = 0.234, a medium effect size). The result implies approximately that
different modalities of media representations (2D and 3D) are likely to influence students
in different ways. By removing the research limitation of a small sample size in this study,
replications of studies with more samples will be beneficial to address related issues in a
clearer manner. Moreover, it would be interesting to look at the differences in 2D and
3D media representations in terms of web usage behavior, attitude, engagement and
fun. This series of studies also aim to shed the light on the issue of how to employ tech-
nologies to help learners learn in an effective and joyful means.
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