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ABSTRACT
This study aimed to examine the relative effectiveness of using an animation versus static pictures in terms
of supporting the learning of genetics. To provide a methodologically sound comparison, the two sessions
were constructed to be equivalent and were designed based on principles provided by the cognitive theory
of multimedia learning and the cognitive load theory. Genetics was chosen as the instructional content,
which included learning about the processes of cell division, mitosis, and meiosis. The results indicate that
students in the animation group perceived less extraneous cognitive load and achieved a better learning
outcome than those in the static pictures group. Therefore, this study supports the superiority of the
animation over static picture instruction when learning micro-scientific phenomena.
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Introduction
The integration of multimedia technologies to promote learners’ cognitive development is considered one of the
most important objectives for science education (Mayer & Moreno, 2003; Yeh et al., 2012). Several studies have
provided evidence that multimedia instructional environments can help students learn more effectively than
traditional strategies (Jereb & Smitek, 2006; Najjar, 1996). However, the application of appropriate instruments
to the design of effective multimedia-based educational tools has not been studied sufficiently (Mayer, 2008;
Tabbers, Martens, & van Merrienboer, 2004). One important long-debated issue is the effectiveness of using
computer animation and static pictures to support students’ learning (Höffler & Leutner, 2007).
It is often assumed that animation can help learners mentally visualize a dynamic process compared to static
pictures; however, this assumption is still controversial. Researchers have believed that animation visualization
offers a realistic representation of the to-be-explained processes, facilitates a deeper comprehension of dynamic
systems and inspires greater motivation to learn (Höffler & Leutner, 2007; Mayer, Hegarty, Mayer, & Campbell,
2005). In contrast, it is also believed that some possible cognitive advantages are associated with learning from
static picture instruction. For example, (1) static pictures reduce cognitive processes because learners see only
frames that represent key steps in the process, helping them focus on the most relevant information, and (2)
learners are encouraged to explain the changes from one frame to the next, thereby enhancing active information
processing (Mayer et al., 2005).
There are no consistent findings regarding the superiority of animation or static picture instruction in learning
processes. A number of studies have reported that animated graphics can be used more effectively than static
graphics to illustrate difficult abstract concepts and to visualize dynamic processes (Bodemer, Ploetzner,
Feuerlein, & Spada, 2004; Williamson & Abraham, 1995). However, animation-based approaches are not always
advantageous over static pictures. In a study conducted by Starbek, Starčič Erjavec, and Peklaj (2010), four
groups of high-school students were taught the process of protein synthesis through a traditional lecture, text
only, animation, and static pictures. In this study, Starbek and colleagues (2010) found that the animation group
and the static picture group acquired better knowledge and improved their comprehension skills compared to the
other two groups. However, the animation group, and the static picture group did not differ from each other,
which failed to confirm the superior impact of animation. A similar finding was also reported by Rieber (1989)
in a sample of 192 high school students; no significant differences in learning achievement were found between
the graphic and animation groups.
To clarify the superiority of animation over the static pictures approach, in the following paragraphs, we discuss
two crucial points that should be taken into account but were usually overlooked in previous studies. The first
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point concerns the methodology issue, which focuses on the equivalent design between animations and static
picture instruction; the second point concerns the instructional design, emphasizing the application of learning
theories to reduce learners’ cognitive load.
It is vital to reduce potential non-equivalence problems by controlling variables other than the presentation
format when comparing the relative effectiveness of animation/static pictures. By doing so, the argument can be
made that the differences in the outcomes result from inherent differences between the formats (animation versus
static pictures) rather than the poor design of either of these. However, after reviewing the literature, we found
that there are at least three sources of non-equivalence between instructions that will lead to incomparability and
render conclusions difficult. The first one is the amount of information provided by instructions. For example, to
compare the relative effectiveness of different instructions, Starbek et al. (2010) provided participants with static
illustrations and text to summarize protein synthesis in one experimental condition, and provided two animations
showing the transcription and translation processes of protein synthesis, which were supplemented with English
text in another condition. In this case, the two conditions not only differed in the dynamics of the materials but
also in the graphic and the text information the materials provided. The second possible source of nonequivalence is the interface of the instructions. For example, in Mayer et al. (2005), the authors compared the
relative effectiveness between computer-based animation and paper-based static diagrams, and found that static
picture instruction led to better learning compared with animation. Although Mayer et al. attempted to maintain
the informational equivalence between the two instructions, the difference in the interface between the two
conditions (i.e., computer-based vs. paper-based) still confouned the results. The third possible source of nonequivalences is interactivity. Computer-based instructions are generally designed with functions that allow
learners to interact with the instructions. However, in some studies, interactivity was not treated as a controlling
variable when comparing the relative effectiveness between animations and static pictures. For example, in
Watson, Butterfield, Curran, and Craig (2010), animations included self-pacing functions that were compared
with static instructions, which presented no interaction. On the contrary, in Ayres, Marcus, Chan, and
Qian (2009), learners had to use the scroll function to observe the information they needed in static picture
instruction, but this function was not included in the animation presentations. Although Watson et al. and Ayres
et al. both found that the animation condition was superior to the static picture condition since the interactivity of
the instructions also varied with the presenting format in their studies, the influence of presentation format on
learning outcomes is ambiguous.
It has been indicated that the design of multimedia instructions should follow principles that help to lower
learners’ cognitive load. For example, Aryes and Paas (2007) argued that many animated instructional
environments are not as effective as expected because they create an unnecessarily large cognitive load.
Similarly, Tversky, Morrison, and Betrancourt (2002) have indicated that dynamic visualization is no more
effective than static visualization if the animation is too complex or the material is presented too quickly.
Therefore, Aryes and Pass (2007) as well as Tversky et al. (2002) suggested that the design of multimedia
instructions must be based on well-established principles that help to reduce learners’ cognitive load through
careful control of the manner of presentation and by attracting learners' attention in a more appropriate way.
Although researchers acknowledge the importance of applying well-established principles in the design of
effective multimedia instruction, not all studies have clearly mentioned on what principles or theories the design
was based.
To look more carefully into the superiority of animation in comparison with the static picture approach, in this
study, we took the equivalence issue into account and applied well-established principles in the design of
instructions. To keep the design equivalent, both animation and the static picture instruction (1) provided
identical information for learners to learn, (2) were designed as computer-based instructions, and (3) were
designed with interactive functions (i.e., self-pacing). To ensure that the instructions were well-designed to
reduce learner’s cognitive load, both instructions were designed based on principles suggested by the cognitive
load theory (CLT; Sweller, Ayres, & Kalyuga, 2011; Sweller, Chandler, Tierney, & Cooper, 1990; Sweller, Van
Merrienboer, & Paas, 1998) and the cognitive theory of multimedia learning (CLMT; Mayer, 2001; Mayer, 2003;
Mayer & Moreno, 2002). Both CLT and CTML propose minimizing unnecessary cognitive load, which is the
central consideration in the design of multimedia materials, and provide research-based principles that could be
applied in the design of multimedia materials to reduce learners’ cognitive load. By applying principles
suggested by CLT and CLTM, the instructions used in this study were designed to reduce the processing of
extraneous materials and to allow learners to deeply study the materials.
This study specifically focused on comparing an animation of invisible infinitesimal phenomena with an
equivalent static picture instruction. Hegarty (2004) has argued that researchers must go beyond making a simple
distinction between static and dynamic displays because the latter could be further categorized as (1) animations
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of visible phenomena (e.g., a machine in motion), (2) animations of invisible phenomena (e.g., changes in
temperature on a weather map), and (3) animations of abstract information (e.g., statistical concepts). Therefore,
the results from studies with one type of dynamic display may not inevitably generalize to others. To respond to
what Hegarty (2004) asserted, we have paid attention to the superiority of animations of invisible infinitesimal
phenomena since it has been suggested that animations may be more effective when they are utilized to visualize
invisible phenomena in the real world (Narayanan & Hegarty, 2002).
Genetics was chosen as the learning topic in this study. With recent advances in gene technology and the rapid
progress on the Human Genome Project, genetics is becoming an important learning prerequisite in high school
curricula. However, since the principles of genetics are abstract and the phenomena of genetics are infinitesimal
and cannot be observed by the naked eye, students often develop misconceptions and become disorientated while
studying this topic. Studies have found that students are weak in learning genetic terminology (Albaladejo &
Lucas, 1988; Banet & Ayuso, 2003) and the invisible infinitesimal processes of cell division or meiosis (Brown,
1990; Stewart, Hafner, & Dale, 1990). The difficulty in learning genetics not only puzzles students but also poses
a large challenge to most genetics teachers (Johnstone & Mahmoud, 1980). In Taiwan, the topic of genetics is
covered extensively in the subjects of Science and Life Technology Curriculum Standards (Grades 1–9) and Life
Science Curriculum Guidelines (Grades 10–12). Given that the understanding of genetics is an integral
component of science education, it is crucial to design appropriate instructional tools to facilitate learning.
This study thus aimed to examine the relative effectiveness of using animation versus static pictures in terms of
supporting the learning of invisible infinitesimal scientific phenomena. In this article, “relative effectiveness”
refers to an instruction (1) that has less cognitive load and/or (2) that helps learners to reach higher achievement
compared to the other instruction. Therefore, the investigation was guided by answering the following questions:
 Whether animations of invisible infinitesimal phenomena require less cognitive load than equivalent static
picture instruction.
 Whether animations of invisible infinitesimal phenomena help learners to reach higher achievement than
equivalent static picture instruction.

Methods
Participants
A total of 181, 7th grade students from six classes at a public junior high school were recruited and were
assigned to one of two groups based on their class. Three of the six classes were assigned to the static pictures
group (n = 89), and the remaining three classes were assigned to the animation group (n = 92). According to the
data collected from the Intelligence Test for Junior High School--Revised Edition (Chen, 2004), these two
groups did not differ from each other in their verbal reasoning, mathematics reasoning, and figural reasoning
abilities.

Procedure
The study procedure consisted of a prior knowledge estimation phase, a learning phase, and a testing phase in
sequence. In the prior knowledge estimation phase, students’ prior knowledge about genetics concepts was
assessed. In the learning phase, students attended two 50-minute class-periods with multimedia instruction
followed by an immediate evaluation of the extent of cognitive load they perceived during the curriculum. The
content of the instruction was identical in both groups, but different media (i.e., static pictures versus animation)
were used. In the testing phase, students were asked to complete an achievement test to evaluate their learning
outcomes.

Designs of the multimedia instructions for learning genetics
The instructions were designed to promote an understanding of abstract concepts and invisible infinitesimal
phenomena in genetics by applying principles of multimedia design suggested by CLT and CTML. Both
animation and static picture instruction presented important concepts and phenomena in genetics, including (1)
genetic material, (2) the process of cell division, (3) the process of mitosis, and (4) the process of meiosis. These
four topics were sequentially presented in four segments. Animation instruction and static picture instruction
were both computer-based, designed with self-pacing functions, and provided identical information for learners
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to learn, except that the animation was transitional in nature whereas the static pictures were not. To generate the
content of the two sessions, we listed the main stages of the dynamic process to be learned (e.g., the process of
mitosis) first, and then created corresponding diagrams and text to illustrate each stage. Static picture instruction
thus was composed of a series of frames that presented the illustrations we created on each. Animation
instruction was generated based on the frames used in the static picture instruction, but was designed to present
continuously the minute changes occurring in the process.
The instructions were designed to reduce the processing of extraneous materials. The materials were presented as
animation/static pictures and text together. Text was placed next to target images to reduce the split-attention
effect (Sweller et al., 2011; see Figure 1). We avoided presenting materials irrelevant to basic concepts or
essential elements (i.e., the coherence principle; Mayer & Moreno, 2003). Moreover, we highlighted key words
and important concepts to help learners extract the main concepts and organize the information efficiently (i.e.,
the signaling principle; see Figure 2) (Mayer & Moreno, 2003).

(Genetics Animation)
(Mitosis)

Split-attention
Principle
Segmenting
Principle

Segmenting
Principle
Duplicated
centrioles
move to opposite ends of
the cell

Self-pacing Design

Figure 1. An example of the instructional section in animation instruction
The instructions were designed to allow learners to consider the materials deeply. To help learners to process the
multimedia materials more efficiently, we produced a pre-training section for each topic and presented it before
the illustrations, in which we briefly introduced glossaries and important concepts (i.e., pre-training principle;
see Figure 2) (Mayer & Moreno, 2003). Since learners usually do not have sufficient time and capacity to handle
animation material, especially when the content is rich and complex or the speed of the presentation is too fast to
realize the context, the instructions were divided into meaningful segments, and learners could decide to watch
the next or previous segment by clicking arrowhead indicators on the screen (i.e., segmentation principle; Mayer
& Moreno, 2003; see Figure 1). Two levels of segments were constructed in the instructions. The first-level
segments were the four topics to be learnt; each first-level segment was composed of a pre-training segment and
an illustration segment. Moreover, the instructions were designed to allow learners to control the pace of the
presentation. For example, in animation instruction, learners could decide the pace of the presentation by
dragging a scrollbar back and forth or clicking a pause or play button (Figure 1). Similarly, the presentation of
static pictures allowed learners to determine whether to go to the next stage, the previous stage, or back to the
first stage by choosing the corresponding button (Figure 3).
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(Genetics Animation)

Figure 2. An example of the instructional section
Note. Translated content: Mitosis Overview: Mitosis is a process of cell division that results in two identical
daughter cells. Mitosis is divided into four stages: prophase, metaphase, anaphase and telophase. Each stage has
its own process. Before mitosis, to prepare for the process of cell division, centrioles and chromosomes are
duplicated. After mitosis, each daughter cell will have the same number of chromosomes as the parent cell.

(Genetics Animation)

(Mitosis)

Duplicated
centrioles
move to opposite ends of
the cell

Figure 3. An example of the instructional section in the static picture instruction

Instruments
Three instruments were used in this study to assess students’ prior knowledge, to evaluate a subjective index of
the cognitive load of the genetics curriculum and to assess students’ achievements regarding genetic concepts.
Sample instrument questions are shown in Table 1.
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Instrument
GFT

CLQ

GCT

Table 1. Sample items of instruments used in this study
Sample items
 Which one is a characteristic of the nucleus?
(a) There is chloroplast in the nucleus for photosynthesis;
(b) It contains hereditary (genetic) information and is the life center
of a cell;
(c) It supports the cell skeleton, preventing the cell from becoming
deformed;
(d) It is a place for energy production and nutrient oxidation.
 Substantial mental effort was required to understand the course content
of mitosis. (overall cognitive load)
 The text font, size and color presented took substantial mental effort to
read. (extraneous cognitive load)
 Substantial mental effort was required to operate the computer.
(extraneous cognitive load)
 Please describe what you know about chromosomes, DNA, and genes
and the relationship among them.
 A creature has 10 pairs of chromosomes in its cells. After five
successive mitotic divisions, how many pairs of chromosomes does
each daughter cell have?
(a) 50 pairs;
(b) 2 pairs;
(c) 10 pairs;
(d) 5 pairs.

Type
Multiple-choice

7-point scale

Open-ended
Multiple-choice

Cognitive abilities assessment
The subjects’ cognitive abilities were assessed via the second edition of the Intelligence Test for Junior High
School (Chen, 2004), which is a commonly used in Taiwan, and thoroughly standardized test that suitably
assesses the diversity of cognitive abilities in adolescents. The Intelligence Test for Junior High School-II
consists of three inventories: verbal reasoning, mathematics reasoning, and figural reasoning, and each of these
inventories contains 39, 32, and 32 items respectively. The internal consistency of the Intelligence Test for Junior
High School-II range from 0.79 ~ 0.88.

Genetic Foundation Test (GFT)
The GFT was utilized to assess students’ prior knowledge about genetics concepts before presenting the
curriculum. The GFT consisted of 15 multiple-choice questions. These questions covered cell biology and basic
genetic concepts that they had been taught in school. The test scores ranged from zero to 15. The content validity
of the GFT was verified by two university professors of genetics and two experienced biology high school
teachers. The internal reliability was calculated at 0.69 (Cronbach’s alpha) in the current study.

Cognitive Load Questionnaire (CLQ)
The extent of the cognitive load that the instructions presented was evaluated via subjective measures in the
current study. Using a post-treatment questionnaire, participants were asked to report the amount of mental effort
they devoted to learning the genetics materials. This strategy has been frequently utilized in cognitive load
studies and found to be highly reliable (Paas, 1992; Paas & Van Merriënboer, 1994; Paas, Van Merriënboer, &
Adam, 1994). Chang and Yang (2010) also suggested that the subjective assessment of cognitive loads is
convenient for administration; thus, it is appropriate for use in science classrooms.
According to CLT (Sweller et al., 1998), intrinsic cognitive load refers to the inherent nature of the materials to
be learned, which is fixed and innate to the instruction; extraneous cognitive load results from the instructional
design itself, which may vary between different methods of presenting the learning content. The overall load
reflects the experienced load based on the entire working procedure. Because the difference between animation
and static picture instruction is the presentation format, if animation does help to reduce the cognitive load, it is
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reasonable to anticipate that participants in the animation condition would report a lower level of extraneous
load.
The CLQ has 13 items, including the extraneous and overall cognitive load of the curriculum. To evaluate the
extent of the extraneous cognitive load, students had to indicate how much mental effort they perceived related
to the multimedia instructions. The extraneous cognitive load may be attributed to the design of the instructional
materials, such as the manner in which the curriculum was presented and the user-interface operation (as shown
in Table 1). To evaluate the extent of the overall cognitive load, students had to indicate the amount of the mental
effort required for learning (e.g., “It required substantial mental effort to understand the course content relating
to mitosis”). Each item was rated on a scale ranging from 1 to 7 (1: strongly disagree; 7: strongly agree). A
higher CLQ score indicated that a greater cognitive load was perceived by students. The content validity of the
CLQ was verified by two university professors in the science education research field. The internal reliability in
this study was shown to be adequate, with the Cronbach’s alpha calculated to be 0.94.

The Genetics Concepts Test (GCT)
To assess students’ achievement on genetics learning, the GCT was administered after the curriculum. Table 1
includes examples of questions from the GCT. The GCT consisted of two sections that evaluated different
aspects of achievement. The first section had three open-ended questions designed to assess students’
understanding of their genetics learning. Two experienced biology teachers were asked to grade students’
answers following the standard answers and scoring criteria provided. The second section contained 20 multiplechoice questions that aimed to evaluate students’ knowledge of the genetics they learned in the curriculum.
Students received one point if they correctly answered each question in this section. The content validity of the
GCT was verified by two university professors and two junior high school teachers in the field. The internal
reliability (Cronbach’s alpha) was calculated to be .81 in the present study.

Data analysis
Since the assumption of normal distribution was not fulfilled for all dependent variables, the Mann–Whitney Utests were conducted to evaluate differences in prior knowledge, perceived cognitive load, and learning
outcomes between the animation and static pictures groups. The statistical tests were performed with SPSS
version 18.0.

Results
Perceived cognitive load
The results revealed that the animation instruction required less cognitive load than the static picture instruction.
As shown in Table 2, one of the major findings in this study was that students in the animation group perceived
significantly lower extraneous cognitive loads than students in the static pictures group (U = 3358.5, p = .037).
However, perceived overall cognitive load of the animation group was not significantly lower than the static
pictures group (U = 3592.00, p = .151).

Learning outcomes
As the data in Table 2 shows, the animation group outperformed the static pictures group on the open-ended
questions (U = 2985.00, p = .002). However, a statistically significant difference was found between the two
groups on the multiple-choice questions (U = 3795.00, p = .395). It is worth noting that the animation group did
not significantly differ from the static pictures group in terms of the GFT scores (U = 4046.50, p = .892), thus we
can believe that the difference found in the open-ended questions was not due to different levels of prior
knowledge.
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Table 2. Comparisons of students’ perceived cognitive load in learning, prior knowledge, and genetic conception
learning outcomes between the animation and static pictures group
Mean (SD)
U
p
Cognitive Load Questionnaire (CLQ)
Extraneous cognitive load
Animation Group (n = 92)
3.66 (1.13)
3358.80
.037*
Static Pictures Group (n = 89)
4.11 (1.35)
Overall cognitive load
Animation Group (n = 92)
4.37 (1.62)
3592.00
.151
Static Pictures Group (n = 89)
4.72 (1.61)
Genetic Foundation Test (GFT)
Animation Group (n = 92)
11.28 (3.05)
4046.50
.892
Static Pictures Group (n = 89)
11.43 (2.79)
Genetic Concept Test (GCT)
Open-ended
Animation Group (n = 92)
15.28 (5.28)
2985.00
.002**
Static Pictures Group (n = 89)
13.46 (4.50)
Multiple-choice
Animation Group (n = 92)
10.83 (4.41)
3795.00
.395
Static Pictures Group (n = 89)
11.44 (4.23)
Note. *p < .05; **p < .01.

Discussion
The present study aimed to compare the relative effectiveness of animation- and static picture-based multimedia
instruction in invisible infinitesimal phenomena (i.e., genetics). Previous studies that compared the relative
effectiveness of different multimedia platforms did not focus on the design equivalence of the multimedia
platforms and the application of learning theory, which makes it hard to interpret the results. To refine previous
studies, we attempted to design the animation and static picture instruction to be equivalent based on the
principles suggested by CTL and CTML.
The first major finding of this study was that the animation group outperformed the static pictures group in the
open-ended questions. A number of studies have indicated that multiple-choice formats may be appropriate for
questions that assess the memorization of key points, facts, dates, and definitions. In contrast, open-ended
questions that elicit students’ constructed responses and give students higher degrees of freedom in reasoning
may serve as a better foundation for the evaluation of students’ higher-order reasoning and qualitative
understanding (Chang, Yeh, & Barufaldi, 2010; Wang, Chang, & Li, 2008). Previous studies also showed that it
is difficult to develop multiple-choice test items that assess higher cognitive skills or conceptual structures
(Chang et al., 2010; Wang et al., 2008). The better performance of the students in the animation group on the
open-ended question may be attributed to the finding that animation helps learners visualize the invisible
infinitesimal process of genetics. This finding is in accord with viewpoints provided by several researchers. For
example, Marbach-Ad, Rotbain, and Stavy (2008) suggested that animation can be used more effectively than
static pictures to illustrate difficult abstract concepts and to visualize dynamic processes. Similarly, Russell,
Netherwood and Robinson (2004) also suggested that animation in multimedia for the teaching of biology helps
students to integrate and understand abstract concepts.
This study also provided evidence that students in the animation group perceived a lower extraneous cognitive
load than students in the static picture group. As mentioned previously, animation is often considered too
complex or too fast to be accurately perceived (Tversky et al., 2002). In other words, learners may perceive a
larger cognitive load in animation-based learning. However, recent researchers in the area of cognitive
psychology have reported a fascinating insight: the cognitive load imposed by instructional animation can be
ameliorated by an appropriate instructional design (Hasler, Kersten, & Sweller, 2007; Mayer & Moreno, 2003;
Moreno & Mayer, 1999). Our results provided empirical support that a well-designed animation instruction
could generate a smaller extraneous cognitive load than a static pictures instruction. Since the two instructions
were designed to be equivalent, except that the animation was dynamic, the difference could not come from the
non-equivalence of the design. A possible explanation for why students in the animation group perceived a lower
extraneous cognitive load than those in the static pictures group in the current study is that the transitional nature
of the animation can guide learners’ attention, helping them focus on important information in the instructions.
We are hopeful that future research will examine this possibility.
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One should note that, we cannot conclude that lower perceptions of extraneous cognitive load gave rise to better
learning performances in this study. We did not manipulate perceived extraneous cognitive load to investigate
whether it consequently brings changes in students’ learning performances, the causal relationship between them
therefore was not established. Although according to our data, after controlling the influence of prior knowledge,
lower perceptions of extraneous cognitive load did predict higher scores of open-end questions in the GCT ( β =
-0.133, p = .049), which implies that these two variables were associated with each other, future studies are still
needed to confirm the causal relationship.
Although this study supports the superiority of animation instruction, the findings should not be interpreted to
mean that animations are relatively more effective in all situations. Since the instructions were designed to
visualize processes that are not visible by the naked eye in the real word in this study, it is not appropriate to
generalize the findings to instructions that are designed to visualize visible phenomena. Future studies are
needed to examine the relative effectiveness of animations that are designed to visualize other types of
phenomena compared to static picture instructions.
Moreover, this study should not be taken to controvert the value of the static pictures approach to aid students’
learning. Instead, static picture instructions might also be useful to support students’ learning in some aspects.
Our findings indicated that the static picture instruction was not less effective for students’ performance of
multiple-choice questions, which indicates that the static pictures approach could be an alternative and
convenient way to help students acquire basic concepts of a learning topic.
An interesting and valuable topic for future research into multimedia learning in genetics would consider
individuals’ working memory capacity (WMC). WMC is a frequently used index of an individual’s cognitive
capacity, which is known to play a crucial role in higher-order cognitive functions. It has been suggested that the
impact of cognitive load on individuals with lower WMC exceeds the impact on individuals with higher WMC
(De Neys, 2006). Thus, it is reasonable to expect that a well-designed animation instruction would benefit
individuals with lower WMC more than those with higher WMC. A number of studies have examined the effect
of WMC on multimedia learning (Austin, 2009; Lusk, et al., 2009; Seufert, Schütze, & Brünken, 2009);
however, the results are inconsistent. Future studies examining the effect of animation instruction on WMC
would contribute to a better understanding of the boundary conditions of the multimedia approach.
In conclusion, this study, with consideration of equivalent design between instructions and the application of
learning theories, reveals that the animation approach is more effective in helping students to learn invisible
infinitesimal phenomena than the static pictures approach because it helps to lower the perceived extraneous
cognitive load and reach higher achievement. Although this study is not without restrictions, it provides a
methodologically sound comparison between the animation and static pictures approaches, which could serve as
a basis for future studies.
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