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Abstract
Although a modality effect indicating better learning from an animation with spoken 
learning guidance than from an animation with written learning guidance has often been 
found in research on learning from animation, the effect has hardly been investigated for 
learning from computer simulation. This study examined the interaction effects between 
the multimedia types of  animation and computer simulation, and the presentation 
modes of  written and spoken learning guidance. Based on cognitive load theory and the 
specific characteristics of  the multimedia types it was hypothesized that a modality effect 
would be replicated in the animation condition and a reverse modality effect would be 
found in the simulation condition. Results partially supported the hypotheses, indicating 
that participants learned more from animation when it was accompanied with spoken 
text, and from a simulation when it was accompanied with written text. However, no 
effect was found for cognitive load. Based on the results, spoken text is recommended 
to be used to guide learners in animations assisted learning environments, and written 
text is recommended to be used to guide learners in simulations assisted learning 
environments.
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Introduction

Animation and computer simulation are dynamic visualization techniques which have been 
widely used in different learning fields. Animation is a series of  visual images displayed in rapid 
succession, presenting the illusion of  motion. A computer simulation allows users to manipulate 
different values of  variables, and then, to immediately obtain the corresponding manipulation 
results under a preset formula (Liu, Lin, & Kinshuk, 2010). Both techniques typically consist of  
graphical representations accompanied by learning guidance that is essential for learning about 
the content of  the animations and computer simulations. For computer simulations, learning 
guidance is also used to display target concepts and to guide learners to manipulate the simula-
tion step by step.

Research based on cognitive load theory (CLT; Paas, Renkl, & Sweller, 2003; Sweller, Ayres, & 
Kalyuga, 2011) has shown a clear modality effect for spoken learning guidance in animations, 
which means that students learn more from graphical representations when they are accompa-
nied with spoken text instead of  written text (eg, Low & Sweller, 2014; Tindall-Ford, Chandler, 
& Sweller, 1997). Therefore, spoken text is often used in learning guidance for animations (eg, 
Yang, Jen, Chang, & Yeh, 2018). Although learning guidance for computer simulations are 
mostly based on written text (eg, Chen, Hong, Sung, & Chang, 2011; Chiou, Hsu, & Tsai, 2019; 
Liu et al., 2010), it is not yet clear whether this is the most suitable presentation format for learn-
ing guidance when learning from simulations, or whether the modality effect found with anima-
tions would also apply (ie, spoken text superior to written text) to learning from simulation.

Because computer simulation and animation are important and popular in many learning fields 
and modality effect is one of  the most important instructional design principles of  CLT (Ginns, 
2005; Reinwein, 2012), the main research issue of  the current study is to explore the inter-
action effects between the multimedia types of  animation and computer simulation, and the 

Practitioner Notes

What is already known about this topic

• Animation and computer simulation have been widely used in different learning 
fields.

• Modality effect means that students learn more from graphical representations when 
they are accompanied with spoken text instead of  written text.

• The modality effect has been verified in different learning environments.

What this paper adds

• Examined the interaction effects between the multimedia types of  animation and com-
puter simulation, and the presentation modes of  written and spoken text in a learning 
guide.

• Provided recommendations for designing the leaning guide of  animation and simula-
tion based on cognitive load theory.

Implications for practice and/or policy

• Modality effect was verified in animation, and thus, spoken text is more suitable for 
learning from animation.

• Reversed modality effect was found in simulation condition, and thus, written text is 
more suitable for learning from simulation.
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presentation modes of  written and spoken learning guidance. This issue can not only provide 
instructional guidelines for designing learning guidance for simulation and animation, but also 
elaborate theoretical knowledge about the modality effect.

For achieving the research purposes, “operation of  nuclear power plants” was selected as the 
learning topic in this study, because it is an important topic, which is new to most students. 
In addition, because concepts about nuclear power and operation of  nuclear power plants are 
abstract and complex, it is difficult for people to understand such concepts from text books or 
lectures. Dynamic visualizations have the potential to assist people to understand abstract or 
complex materials. Thus, nuclear power is considered an appropriate topic for being learned with 
animations or simulations.

Literature review
CLT is a learning and instruction theory developed based on our knowledge of  human cognitive 
architecture. According to the most recent systematic review regarding cognitive load in multi-
media learning environments (Mutlu-Bayraktar, Cosgun, & Altan, 2019), “instructional design 
principles for reducing extraneous cognitive load” was the most investigated topic. Different from 
the traditional perspective of  CLT, Spiro and DeSchryver (2009) reconceptualized CLT and they 
claimed that people need to learn how to deal with complex and ill-structured material rather 
than simplifying it. In recent years, many studies have tried to optimize advanced learning tech-
nologies in terms of  CLT, such as the use of  Quick Response (QR) code (eg, Gao, Liu, & Paas, 2016), 
mobile learning (eg, Liu, Lin, & Paas, 2019), digital dictionary assisted language learning (eg, 
Liu, Fan, & Paas, 2014), electronic slideshow assisted lecturing (eg, Liu, Lin, Gao, Yeh, & Kalyuga, 
2015) and computer simulations (eg, Lin, Liu, & Sweller, 2015). CLT is based on Baddeley’s work-
ing memory model (eg, 1992), which holds that the working memory system is composed of  a 
central executive and two different subsystems for the storage of  visual and auditory informa-
tion, respectively, the visuospatial sketchpad and the phonological loop. The modality effect can 
be explained through this architecture, because in contrast to unimodal presentation of  written 
text and graphical representation, the use of  dual modality presentation channels allocates the 
cognitive resources across different components of  the limited working memory system. Another 
explanation of  the modality effect is based on the split-attention effect (eg, Ayres & Sweller, 2014; 
Mayer & Moreno, 1998), which is related to the extraneous cognitive load resulting from learners 
splitting their attention between two sources of  the complementary visual information, such as 
animation and on-screen text (eg, Mayer & Moreno, 1998). The same effect has also been de-
scribed in Mayer’s cognitive theory of  multimedia learning as the modality principle (eg, Mayer, 
2009; Moreno, 2006; Moreno & Mayer, 1999).

The modality effect has been verified in different learning environments. Ginns (2005) performed 
a meta-analysis using 43 studies on the modality effect with various learning topics (eg, botany, 
electrical circuits, meteorology, history and geometry) and concluded that the major hypotheses 
regarding the superiority of  mixed-mode presentation over single-mode presentation of  informa-
tion were supported. For example, Brünken, Plass, and Leutner (2004) applied dual-task meth-
odology to directly assess learners’ cognitive load while learning with different presentations 
of  learning materials and they found that the audiovisual presentation of  learning materials 
induced less cognitive load than the visual-only presentation of  the same material. In the studies 
of  Moreno and Mayer (1999), it was found that students who viewed a computer animation with 
a narrative explanation performed better than students who viewed a computer animation with 
on-screen text. In addition, the modality effect also has been found in mobile learning environ-
ments. For example, Liu et al. (2019) found that participants, who had to learn about the leaf  
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morphology of  plants, paid more attention to observing plants and performed better on a transfer 
test when the real plants were explained by spoken text than when the real plants were explained 
by written text.

In recent years, also a reverse modality effect has been found under certain conditions. For exam-
ple, Leahy and Sweller (2011, 2016), indicated that when the learning materials involve long 
and complicated narrations, learning with texts accompanied with graphical representations 
can lead to better learning performance than learning with narration accompanied with graphi-
cal representations. The transient nature of  spoken text is one reason for a reverse modality effect 
(Leahy & Sweller, 2011, 2016; Singh, Marcus, & Ayres, 2012; Wong, Leahy, Marcus, & Sweller, 
2012). Compared to learners provided with spoken text, learners provided with written text can 
revisit contents because of  the permanent nature of  written text, which can lead to better perfor-
mance of  graphics with long and complex written text (Inan et al., 2015). Moreover, other studies 
have shown that the modality principle may differ as a function of  characteristics of  the learners 
and the learning conditions. For example, some researchers have found evidence for a reverse 
modality effect when students had to learn from pictures either with spoken or written text, 
when the learning environment was learner paced instead of  system-paced (eg, Stiller, Freitag, 
Zinnbauer, & Freitag, 2009; Tabbers, Martens, & van Merriënboer, 2004). This finding suggests 
that when learners have enough time to process the graphical and written information, a uni-
modal (ie, visual) presentation can be superior to a multimodal (visual-auditory) presentation. In 
addition, Oberfoell and Correia’s (2016) study showed that the modality effect was not found for 
the group of  low––experience content users and concluded that narration does not always create 
a better way to assist digital––aged students with transfer and retention of  knowledge.

The modality effect has been studied with different types of  multimedia (Ginns, 2005; Reinwein, 
2012). However, few studies have explored whether the modality effect can be applied to com-
puter simulations. The study of  She and Chen (2009) is one of  the few that has focused on the 
modality effect in computer simulation. In their study, the interaction effects of  the multimedia 
types (animation and simulation) and sensory modality modes (narration and on-screen text) in 
learning the concepts about mitosis and meiosis were explored. The results showed that there was 
a significant interaction between the multimedia and sensory modality, indicating that learners 
who learned with animation accompanied with narration allocated a greater amount of  visual 
attention to the important learning information and showed higher performance on an immedi-
ate and delayed test of  learning performance than learners who learned with animation accom-
panied with written text. On the contrary, learners who learned with simulation accompanied 
with written text allocated a greater amount of  visual attention to the important learning infor-
mation and scored higher on an immediate and delayed test of  learning performance than learn-
ers who learned with simulation accompanied with narration. Undoubtedly, the study of  She and 
Chen (2009) successfully led people to consider the design of  learning guidance presentation for 
animation and computer simulation. However, they only used six participants in each condition, 
and did not discuss the influence of  the main feature of  simulation, that is the manipulation of  
elements, in the context of  a reverse modality effect of  simulation assisted learning.

Compared to learning with other multimedia, learners need to invest a lot of  effort in manipu-
lations in simulation assisted learning environments (Lin et al., 2015; Liu et al., 2010). Due to 
the transient nature of  spoken text (Leahy & Sweller, 2011, 2016), when the learning guidance 
was presented with spoken text and learners were not allowed to pause and revisit the contents, 
they needed to simultaneously focus on listening to the learning guidance and manipulating the 
simulations. In this situation, the cognitive load is not only imposed by comprehending transient 
spoken text, but also by manipulating the variables. In other words, “manipulation” is expected 
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to exacerbate the negative effects of  the transient nature of  spoken text on learning. As a result, 
the high cognitive load imposed by comprehending transient spoken text and manipulating vari-
ables following the spoken text may lead to a working memory overload and thereby exacerbate 
learning (Wong, Castro-Alonso, Ayres, & Pass, 2020). In contrast to spoken text, written text is 
more permanent (Inan et al., 2015), and therefore, allows learners, who are provided with learn-
ing guidance in written text format, to follow the learning guidance during the manipulation of  
the simulation at their own pace. On the contrary, when learning from an animation, the only 
task for learners is to look at the animation and concentrate on the learning contents. In the 
meantime, when the learning guidance is presented in spoken text format, learners are able to 
simultaneously watch the animation and listen to learning guidance (ie, multimodal information 
processing). In contrast, learners who are provided with learning guidance in written text format 
need to shift their attention between the learning guidance and the animation. The mentioned 
processes may induce extraneous cognitive load and impede learning (Ayres & Sweller, 2014; 
Mayer & Moreno, 1998).

Hypotheses
Based on the literature review above, we formulated the following hypotheses:

H1: A modality effect occurs in the animation condition.

H1-I: Participants in the animation accompanied with spoken text condition score higher on an imme-
diate and delayed test of  learning performance than the participants in the animation accompanied 
with written text condition.

H1-II: Participants in the animation accompanied with spoken text condition perceive lower cognitive 
load during the learning, immediate posttest and delayed posttest phases than the participants in 
the animation accompanied with written text condition.

H2: A reverse modality effect occurs in the simulation condition.

H2-I: Participants in the simulation accompanied with written text condition score higher on an imme-
diate and delayed test of  learning performance than the participants in the simulation accompanied 
with spoken text condition.

H2-II: Participants in the simulation accompanied with written text condition perceive lower cognitive 
load during the learning, immediate posttest and delayed posttest phases than the participants in 
the simulation accompanied with spoken text condition.

Methods
Participants and experimental design
Participants were 128 11th grade students (69 males, 59 females with an average age of  
16.70 years) from midland of  Taiwan. All participants had learned basic nuclear concepts (eg, the 
definitions of  those relevant nuclear concepts) three months before the start of  the study. In ad-
dition, the participants could be considered as learners with sufficient experience on multimedia 
learning because they had to attend a computer programing class to earn course credit when they 
were in 10th grade. A two by two factorial experiment was conducted to examine the main effects 
of  type of  multimedia (simulation vs. animation) and type of  presentation mode (written text vs. 
spoken text) and their interaction on learning performance and cognitive load. Within each class, 
all participants were randomly assigned to the four resulting experimental conditions: simulation 
accompanied with written text (SWT), simulation accompanied with spoken text (SST), anima-
tion accompanied with written text (AWT) and animation accompanied with spoken text (AST).
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Learning materials
The learning topic of  this study was nuclear power. The basic concept learning materials and the 
primary learning materials were used in preparing and formal learning phases, respectively. The 
basic concept learning materials were assigned to all participants to have basic and similar foun-
dation for understanding the primary learning materials. The primary learning materials were 
assigned to participants in corresponding conditions to learn the operation of  nuclear power 
plants. All materials were reviewed and revised by two Nuclear Power researchers and two senior 
high school teachers.

The common learning materials. The common learning materials, which included a total of  15 
screens, were used to teach basic nuclear power concepts. The first nine pages aimed to introduce 
basic knowledge about energy, including nucleus fission, chain reactions and the conduction and 
transformation of  energy. The next six pages were designed to introduce the six essential compo-
nents of  the nuclear power plant.

The primary learning materials. The primary learning materials included four versions, which were 
composed of  two multimedia types (simulation/animation) and two presentation modes (written 
text/spoken text). For the multimedia types, the simulation was named “Nuclear Power!” (NP). 
NP was developed by using Virtools Dev software. The learning environment of  NP was com-
posed of  learning guidance and simulation areas (Please refer to Figure 1). The learning guidance 
area was designed to guide learners to manipulate the simulation. In the simulation area the 
essential components of  a genuine nuclear power plant with a pressurized water reactor were 

Figure 1: The screenshot of  learning environment of  NP 
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demonstrated. Those essential components of  NP comprised Reactor, Power generation systems, 
Cooling systems and Circulation pumps system. When learning with NP, participants could 
follow the learning guidance to control the position of  the control rod in the reactor to adjust 
the flow quantity of  water in the primary and the secondary coolant pumps, and to change the 
number of  circulation pumps. The corresponding changes of  the amount of  power generation, 
the temperature of  the fuel rod and the water expelled from the plant were shown immediately. 
Participants could learn the concepts about the nuclear power by observing the relationships 
between the variables. Animation is the video clip of  the simulation program demonstrating the 
simulation manipulation following the learning guidance. To develop the animation, one assis-
tant of  the research group manipulated the simulations following the learning guidance (ie, the 
task for simulation condition) and the learning processes were recorded with free screen video 
recorder software.

The learning materials were identical in content for all four conditions, including two parts. The 
first part introduced the transformation processes of  nuclear power to electricity step by step. 
The second part presented a problem solving situations, the introduction of  the target problems 
regarding the nuclear power plant operations shown first and the solutions for the problems 
shown step by step in the learning guidance area. Participants were asked to solve the problems 
following the steps.

For the SWT condition, the learning guidance presented in written text was shown on the left 
side of  the computer screen and the simulation was shown on the right side of  the computer 
screen. Participants in this condition were instructed to read the learning guidance, and then, 
manipulate the simulation accordingly. For the SST condition, the learning guidance was pre-
sented in spoken format and the simulation was shown on the right side of  the computer screen. 
Participants in this condition were instructed to listen to the learning guidance and manipulate 
the simulation accordingly. For the AWT and AST conditions, the animation shown on the right 
side of  the computer screen was the video clip of  the simulation program demonstrating the sim-
ulation manipulation. In the AWT condition, participants read the learning guidance shown on 
the left side of  the computer screen, and then, clicked the start bottom of  the animation video to 
see the corresponding manipulation of  simulation. In the AST condition, participants listened to 
the learning guidance and simultaneously watched animation video regarding the correspond-
ing manipulation of  simulation. Participants in all conditions could decide when to go to the next 
page, but they were not allowed to go back to the previous page. On each page, the written text 
for simulation or animation remained on the screen, which reflected the “permanent” nature of  
the written text. In contrast, the spoken text for simulation or the animation was not allowed to 
be stopped or repeated, which reflected the “transient” nature of  the spoken text. Participants’ 
learning processes were recorded by the computer program.

Measures
A pretest was composed of  10 multiple choice questions used to investigate the participants’ prior 
knowledge about concepts of  nuclear power. There were four options in each item and partici-
pants had to select the correct one from the four options. The highest possible score was 10 points 
and the lowest possible score of  the test was 0. The internal consistency reliability coefficient (KR-
20) of  the pretest was 0.61. According to the interpretation by Salvucci, Walter, Conley, Fink, 
and Saba (1997), an internal consistency reliability coefficient between 0.50 and 0.80 indicates 
moderate internal consistency.

An immediate posttest was composed of  19 multiple choice questions used to investigate the par-
ticipants’ learning performance in the different conditions. Since the learning objective of  the 



© 2020 British Educational Research Association

8    British Journal of  Educational Technology  Vol 0 No 0 2020

animations/simulations assisted learning is to understand the concepts about the nuclear power 
by observing the relationships between the variables. The questions of  the posttest mainly focused 
on testing whether participants can or cannot identify the relationship between the variables and 
infer the concepts. There were four options in each item and participants had to select the correct 
one from the four options. The highest possible score was 19 points and the lowest possible score 
was 0. The internal consistency reliability coefficient (KR-20) of  the posttest was 0.53, which can 
be interpreted as moderate reliability (Salvucci et al., 1997).

A delayed posttest was used to investigate the long-lasting effects on the participants learning with 
different learning materials. The delayed posttest was identical to the immediate posttest. The 
internal consistency reliability of  delayed posttest is moderate, KR 20 was 0.56.

A cognitive load rating scale was used to measure the perceived amount of  invested mental effort 
in the learning, immediate posttest and delayed posttest phases, respectively. The cognitive load 
rating scale was an adapted version of  the scale developed by Paas and Van Merriënboer (1994). 
The scale used in the learning phase asked the participants to rate the amount of  effort they had 
to invest to comprehend the learning contents of  the learning materials. The scale used in the test 
phases asked the participants to rate the amount of  effort they had to invest to finish the test. The 
Likert type 9-point scale ranged from very, very low mental effort to very, very high mental effort. 
The highest score on the rating scale was 9 points and the lowest score was 1 point.

Procedures
The experiment was conducted in a computer classroom. Each participant was assigned to learn 
with the corresponding learning material on the personal computer. The experiment had five 
phases.

Preparing and pretest. Participants were asked to provide their background information at first, 
and then, they were administered the pretest before the intervention. No significant difference 
was found between the four conditions for students’ prior knowledge scores before the interven-
tion, F(3, 124) = 0.415, MSE = 3.380, p = 0.742.

Basic concept learning. In order to let the participants manipulate the simulation smoothly in the 
intervention phase, all participants were provided with the learning materials to learn the basic 
concepts about nuclear power in this phase. The average time spent on reading the learning 
materials was around 5 minutes.

Intervention. The condition assigned to each participant had been preset by the experimenter 
before the start of  the experiment. Participants learned with different learning materials corre-
sponding to their assigned conditions. After completing learning in this phase, they were asked 
to complete the cognitive load rating scale. It should be noted that participants in all conditions 
could decide when go to the next step, but none of  them was allowed to pause or repeat learning 
contents (ie, verbal and visual information) on each page. The average time spent in finishing 
learning task was around 12 minutes.

Immediate posttest. Participants were asked to complete the posttest immediately after the inter-
vention phase within 30 minutes. After completing test, they were asked to respond to the cogni-
tive load rating scale.

Delayed posttest. Two weeks after the experiment, participants were asked to complete the delayed 
posttest within 30 minutes. The cognitive load rating scale was applied after participants com-
pleted the test.
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Results
Table 1 presents the mean scores and standard deviations for each group for the learning time, 
posttest performance, delayed posttest performance and cognitive load in different phases. A se-
ries of  two-way analyses of  variance (ANOVA) was conducted to examine the effects of  the type 
of  multimedia (simulation/animation) and type of  presentation mode (written text/ spoken text) 
on learning time, immediate posttest performance,delayed posttest performance and cognitive 
load in different phases.

Learning time
The results of  2 (Multimedia) × 2 (Presentation Mode) ANOVA with learning time as dependent 
variables revealed a significant main effect of  the multimedia (F(1, 124) = 14.998, MSE = 7.113, 
p < .001, �2

p
 = 0.108), indicating that participants in the simulation conditions spent significantly 

more time on learning than the participants in the animation conditions. In addition, a signifi-
cant main effect of  presentation mode was found, F(1, 124) = 73.489, MSE = 7.113, p < .001, 
�
2

p
 = 0.372, indicating that participants in the spoken text conditions significantly spent more 

time on learning than the participants in the written text conditions. There was no significant in-
teraction effect of  the multimedia variable and presentation mode variable on the learning time, 
F(1, 124) = 1.431, MSE = 7.113, p = 0.234.

Immediate posttest performance and delayed posttest performance
Regarding the immediate posttest performance, the results of  a two-way ANOVA revealed no 
main effects of  multimedia, F(1, 124) = 0.342, MSE = 2.764, p = 0.560 and presentation mode, 
F(1, 124) = 0.342, MSE = 2.764, p = 0.560. The interaction between multimedia and presenta-
tion mode was significant, F (1, 124) = 9.838, MSE = 2.764, p = .002, �2

p
 = 0.074. To determine 

the nature of  the interaction simple main effect analyses were performed. For the simulation 
condition, participants who were provided with the learning guidance presented in written text 
performed significantly better than participants who were provided with the learning guidance 
presented in spoken text, F(1, 62) = 4.151, MSE = 2.168, p = .046, �2

p
 = 0.063. On the con-

trary, for the animation condition, participants who were provided with the learning guidance 
presented in spoken text performed significantly better than the participants who were provided 

Table 1: Means and standard deviations for dependent variables

Dependent variable

Simulation with 
written text 

(SWT)
Simulation with 

spoken text (SST)

Animation with 
written text 

(AWT)

Animation with 
spoken text 

(AST)

M SD M SD M SD M SD

Learning time (minutes) 10.60 2.81 14.08 2.63 8.21 2.88 12.81 2.31
Immediate posttest (0–19) 8.97 1.23 8.22 1.68 8.22 1.95 9.31 1.71
Delayed posttest (0–19) 11.09 2.41 10.75 3.52 8.81 2.76 10.91 2.64
Cognitive load in learning 

phase (1–9)
5.50 1.48 5.16 1.78 4.97 1.75 4.81 1.53

Cognitive load in immediate 
posttest phase (1–9)

4.53 1.29 4.91 1.59 4.59 1.27 4.91 1.42

Cognitive load in delayed 
posttest phase (1–9)

4.56 1.11 4.72 1.65 4.69 1.18 4.75 1.46
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with the learning guidance presented in written text, F(1, 62) = 5.696, MSE = 3.360, p = .020, 
�
2

p
 = 0.084.

With regard to the delayed posttest performance, the results revealed a significant main effect 
of  the multimedia, F(1, 124) = 4.399, MSE = 8.212, p =  .038, �2

p
 = 0.034, with participants 

in the simulation conditions outperforming participants in the animation conditions. However, 
no main effect of  presentation mode was found, F(1, 124)  =  2.983, MSE  =  8.212, p  =  .087. 
The main effect was qualified by a significant interaction between multimedia and presentation 
mode, F (1, 124)  =  5.788, MSE  =  8.212, p  =  .018, �2

p
  =  0.045. Simple main effect analyses 

were performed to determine the nature of  the interaction. For the simulation condition, no 
significant difference was found between the participants who were provided with the learn-
ing guidance presented as written text and the learning guidance presented as spoken text,  
F(1, 62) = 0.208, MSE = 9.108, p = 0.650. On the contrary, for the animation condition, partic-
ipants who were provided with the learning guidance presented as spoken text performed signifi-
cantly better than the participants who were provided with the learning guidance presented as 
written text, F(1, 62) = 9.587, MSE = 7.316, p = .003, �2

p
 = 0.134.

Cognitive load in learning, immediate posttest and delayed posttest phases
With regard to the cognitive load in learning phase, the results of  a 2 (Multimedia)  ×  2 
(Presentation Mode) ANOVA revealed neither main effects of  multimedia, F(1, 124)  =  2.274, 
MSE = 2.694, p = 0.134 and presentation mode, F(1, 124) = 0.742, MSE = 2.694, p = 0.391, 
nor an interaction between both factors, F(1, 124) = 0.104, MSE = 2.694, p = 0.747.

Regarding the cognitive load in the immediate posttest phase, the results of  a two-way ANOVA 
revealed neither main effects of  multimedia, F(1, 124) < 1, MSE = 0.016, p = 0.900 and pre-
sentation mode, F(1, 124) = 1.929, MSE = 1.961, p = 0.167, nor an interaction between both 
factors, F(1, 124) = 0.016, MSE = 1.961, p = 0.900.

The results of  cognitive load in the delayed posttest phase were the same as the results of  the 
previous two phases. There were neither main effects of  multimedia, F(1, 124)  =  0.105 1, 
MSE = 1.865, p = 0.747 and presentation mode, F(1, 124) = 0.205, MSE = 1.865, p = 0.651, 
nor an interaction between both factors, F(1, 124) = 0.038, MSE = 1.865, p = 0.846.

Discussion and conclusion
This study aimed to examine the effects of  different multimedia materials (animation/simulation) 
and different presentation modes (spoken text/ written text) on learning performance and cogni-
tive load. The results partially supported our hypotheses that participants who learned with ani-
mation accompanied with spoken text significantly would perform better on both the immediate 
and delayed posttest than participants who learned with animation accompanied with written 
text (ie, modality effect), and participants who learn with simulation accompanied with writ-
ten text significantly would perform better on the posttest than participants who learned with 
simulation accompanied with spoken text (ie, reverse modality effect). No effects were found for 
cognitive load.

In terms of  cognitive load theory (Sweller, 2020; Sweller, van Merriënboer, & Paas, 2019), par-
ticipants in the animation and simulation conditions processed the spoken and written guidance 
differently, which determined how they could allocate their limited cognitive resources to the 
learning content, and consequently their learning performance. The main task for learning with 
animation is getting knowledge by watching and understanding the contents. With animations, 
learners are supposed to have better learning performance in the spoken text condition because 
the use of  dual modality presentation can avoid the overload of  the limited working memory 
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system that is likely to happen when text is presented visually. In addition, when learning with 
spoken text and animation, learners are able to focus on the two sources of  information simulta-
neously. In contrast, manipulation, observation and understanding the manipulation results are 
the main learning activities when learning with computer simulation. Learners need more time 
to repeatedly read the manipulation procedures and inspect the value of  the parameter for cor-
rect manipulation. With simulations, learners are supposed to have better learning performance 
in the written text condition because the task of  manipulation exacerbates the negative effects of  
transient nature of  spoken text on learning.

In recent years, many studies indicated that the modality effect may disappear or reverse under 
self-paced conditions (Ginns, 2005; Reinwein, 2012; Tabbers et al., 2004). The main reason is 
that in the self-paced condition, learners have the chance to reread or skip written text, whereas 
spoken text is transient. Despite the fact that the participants in the written text condition of  this 
study could reread the text, we did not find a reverse modality effect in the animation condition. 
One possible explanation for this finding is that participants who learned with animation accom-
panied with written text did not profit from self-paced learning by spending more time. Although 
we cannot separately compare the time spent on reading of  the written text and on listening 
to the spoken text, the analysis of  the total learning time provides some support for this expla-
nation, because participants who learned with animation accompanied with written text spent 
significantly less learning time than participants who learned with animation accompanied with 
spoken text.

Other results of  the animation condition are in line with the previous studies, indicating that 
the information presented in mixed modes (partly visual and partly auditory) is more effective 
than the information presented in a single mode (either visual or auditory alone) (Low & Sweller, 
2014). The negative effect of  the transient nature of  spoken text was not found in this study, 
possibly because of  the segmentation of  the text. Segmentation has been found to reduce the 
transient information effect (Leahy & Sweller, 2016; Singh et al., 2012). In this study, the number 
of  words (Chinese characters) in each section (page) was 30 to 67, which is far less than in studies 
that found the transient information effect (eg, Leahy & Sweller, 2011, 2016).

Simulation has been widely used in different educational fields (eg, Chen et al., 2011; Lin et al., 
2015; Liu et al., 2010). In addition, there are more and more types of  simulation used in formal 
(eg, classroom) or informal education (eg museum). Good design of  simulation is undoubtedly 
an important issue, however, only a limited amount of  studies has focused on it. In order to lead 
students to the construction correct concepts, learning guidance used for describing the target 
concepts and the manipulation procedures is one critical element of  simulation. What the suit-
able presentation mode for learning guidance is should be considered an important issue. This 
study explored the effects of  different presentation modes (written text/spoken text) on the learn-
ing from different multimedia types (animation/computer simulation). The results indicated that 
written text is better than spoken text for designing learning guidance for simulation, because the 
manipulation task would exacerbate the negative effects of  the transient nature of  spoken text on 
learning. This study not only verified the reverse modality effect in the simulation condition, but 
also found a more persuasive explanation for the worse performance of  learning with simulation 
and spoken text.

Some limitations of  this study should be considered. First, the internal consistency reliability 
coefficients of  all tests (pre, post and delayed posttests) in this study were low and the tests that 
were composed of  items corresponding to different cognitive domains (eg, comprehending and 
applying) might be the main reason for the low internal consistency reliability. The reliability of  
the tests needs to be improved in future studies. Second, the one-item cognitive load scale that 
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was used in this study did not reveal any significant differences between the different conditions 
in the different phases. Future research could use the cognitive load scale with multiple items 
(eg, Leppink, Paas, Van der Vleuten, Van Gog, & Van Merriënboer, 2013) to investigate more 
dimensions of  cognitive load. In addition, as the participants of  the current study were senior 
high school students, it is not clear whether the current results can be generalized to younger 
students. Future research is recommended to replicate this study with students at different grade 
levels. Moreover, since the current study did not allow learners in spoken text condition to pause 
or replay the audio, further research could investigate whether allowing learners to pause or 
replay the audio would lead to different results. Another interesting issue related to the learning 
guidance design is comparing the effects of  different types of  learning guidance (eg, mechanical 
instructions vs. outcome-driven instructions) on learning processes and learning performance.
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