
Vol.:(0123456789)

Education Tech Research Dev (2020) 68:2305–2320
https://doi.org/10.1007/s11423-020-09775-4

1 3

RESEARCH ARTICLE

Does learner expertise matter when designing emotional 
multimedia for learners of primary school mathematics?

Thomas K. F. Chiu1  · Morris Siu‑yung Jong1 · Ida A. C. Mok2

Published online: 27 April 2020 
© Association for Educational Communications and Technology 2020

Abstract
Recent research on multimedia learning has considered the integration of cognitive and 
affective aspects of media processing. The literature suggests that learners’ emotions influ-
ence the effectiveness of multimedia learning, which is explained by the cognitive-affec-
tive theory of learning with media (CATLM). A multimedia design that changes learners’ 
emotional status can facilitate or suppress learning. Individual difference, which suggests 
that learners with different expertise levels respond differently to an emotional design, is 
an assumption of CATLM. However, how learner expertise influences the effectiveness of 
emotional designs remains unclear. This study investigated the effects of learner exper-
tise (novice vs advanced) and an emotional design incorporating a face-like shape and 
warm colours (with vs without) on developing skills in remembering and understanding 
in mathematics learning. The novice group comprised younger learners who had no prior 
knowledge of the topic; the advanced group comprised older learners who had studied the 
topic previously. We randomly allocated 122 primary school students to four experimental 
groups to see how they learned geometrical patterns from videos with different designs. 
These results showed that (1) the emotional design group performed better in remember-
ing, and (2) the emotional design benefited the advanced group, but not the novice group, 
in understanding. A plausible explanation is that the benefits of the emotional design do not 
outweigh its drawback in the novice group when developing understanding. Further analy-
sis revealed that learner expertise and learning outcomes influence the designs’ effects. Our 
findings suggested that using emotional design can effectively facilitate lower-order think-
ing skills such as remembering, identifying and procedural skills, and drawing students 
interests and motivation may not lead to better learning outcomes.
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Introduction

To expand previous research on multimedia learning, which has taken a predominantly 
cognitive perspective, recent studies have focused on the influence of affective processes 
such as emotions and motivations (Chiu and Hew 2018; Park et  al. 2015a, b; Plass and 
Kalyuga 2019; Um et al. 2012). Such studies have aimed to integrate affective variables 
into cognitive processing theories of multimedia learning (Park et al. 2014). Appealing and 
interesting design elements in multimedia learning can evoke a positive emotional status 
in learners (Heidig et al. 2015), which alters working memory capacities (Knörzer et al. 
2016; Plass and Kalyuga 2019; Schneider et  al. 2016). Whether this positive emotional 
status can facilitate cognitive processing in multimedia environments for better learning 
outcomes has been critically discussed in multimedia learning research. Some studies sug-
gest that appealing design elements facilitate learning through the creation of an enjoy-
able experience (Knörzer et al. 2016; Mayer and Estella 2014). However, some researchers 
believe that additional design elements result in an additional cognitive load that impairs 
learning (e.g. the coherence principle; Mayer 2009) or may merely be ‘seductive details’, 
elements added to instructional materials that are interesting to learners but not directly rel-
evant to the instructional goal (Harp and Mayer 1997; Rey 2012). These discussions relate 
to Moreno’s cognitive-affective theory of learning with media (CATLM) (Moreno 2005, 
2006, 2007, 2009). This theory adds the idea of affective mediation, i.e., that motivational 
factors influencing the learner’s cognitive engagement may mediate learning, to expand 
Mayer’s cognitive theory of multimedia learning (CTML) (Mayer 2009). Learners must 
be motivated to learn or to use self-regulation to allocate sufficient cognitive resources to 
learning tasks. Appealing and interesting design elements that may impose an extraneous 
load may play motivational and emotional roles in multimedia learning (Leutner 2014; 
Park et al. 2011). However, the role of emotions in multimedia learning remains unclear 
(Heidig et al. 2015; Knörzer et al. 2016; Leutner 2014; Mayer and Estrella 2014; Park et al. 
2015a, b). When it comes to designing learning experiences, we need more relevant studies 
to understand how emotional multimedia materials affect learning outcomes.

When designing multimedia learning environments, it has been shown that positive 
emotion should be optimised to enhance learning processes (Chiu 2018, 2019; Ng and 
Chiu 2017). The next question is whether certain design elements can evoke positive emo-
tions and eventually foster learning. An emotional design should change intrinsic design 
elements, such as shapes and colours, rather than adding extra elements (Heidig et  al. 
2015; Plass et al. 2014; Um et al. 2012). Studies have shown that warm colours and round 
shapes in multimedia designs can facilitate learning outcomes by inducing positive emo-
tions (Mayer and Estrella 2014; Plass and Kalyuga 2019; Plass et al. 2014; Um et al. 2012). 
However, these studies did not take learner expertise into account or assess how learner 
background influences the effectiveness of multimedia designs (Chiu and Mok 2017; Chiu 
and Hew 2018; Kalyuga 2007, 2014; Kalyuga et  al. 2012). Therefore, the present study 
looked at the impact of emotional design (with vs without) and learner expertise (novice 
vs advanced) on the learning outcomes of remembering and understanding in multimedia 
learning for a primary school mathematics topic. The results of our experiment can inform 
practitioners about when and how to use emotional design.

The remainder of the paper is organised as follows. We first present the theoretical 
framework of this study and outline previous studies on emotional design in multimedia 
learning. We then describe the purpose and methodology of the study. Next, we present the 
results of our analyses, followed by a discussion of the results and our conclusions.
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Theoretical framework

We use Sweller’s (2010) cognitive load theory (CLT), Moreno’s (2005, 2006, 2007, 
2009) CATLM and Kalyuga’s (2014) expertise reversal effect to construct a theoretical 
framework to explain findings presented in the literature on multimedia learning.

Cognitive load theory and cognitive‑affective theory of learning with media

Cognitive load theory, developed by Sweller (2010), is based on human brain architec-
ture and describes two types of memory, working and long term. This theory assumes 
that the limitations of working memory critically influence the effectiveness of instruc-
tional designs and suggests three types of cognitive load: extraneous, intrinsic and ger-
mane. Different types of cognitive load consume cognitive resources during learning 
processes in different ways. ‘Extraneous load’ refers to the load placed on working 
memory by processing unnecessary information; ‘intrinsic load’ refers to working mem-
ory demands imposed by processing essential information to achieve specific learning 
goals; and ‘germane load’ reflects the cognitive effort invested in comprehending the 
essential information in the working memory.

Based on CLT, Mayer’s formulation of CTML was developed by looking closely at 
the basic foundation of working memory in multimedia learning environments. CTML 
assumes that the human information processing system includes dual channels for visual 
and verbal processing (the dual-channels assumption). Both CLT and CTML suggest 
that learner motivation affects cognitive load or processing. Moreno (2005, 2006, 2007, 
2009) further expanded CTML by including affective aspects such as emotions and 
motivations, and proposed CATLM, which suggests that motivational factors affect the 
cognitive engagement of learners and therefore mediate multimedia learning.

Cognitive-affective theory of learning with media explains how cognitive and affec-
tive processes work in multimedia learning environments. The theory incorporates 
seven assumptions: (i) verbal and non-verbal information processing are independent, 
(ii) working memory is limited and processes all of the organised information, while 
long-term memory is relatively large and stores the information, (iii) dual coding 
enhances learning, (iv) active processing of information is necessary for meaningful 
learning (Moreno 2005, 2006, 2007, 2009), (v) motivational factors mediate learning 
by adjusting cognitive engagement (Pintrich 2003), (vi) metacognitive factors mediate 
learning by regulating affective and cognitive processes, and (vii) learner expertise in 
specific media may affect learning results (Kalyuga 2007, 2014; Moreno 2004). The 
CATLM model is shown in Fig. 1.

Recent research on multimedia learning has focused on understanding how affective 
aspects, particularly in emotional design, influence cognitive processing (Heidig et al. 
2015; Park et al. 2015a, b; Schneider et al. 2016; Um et al. 2012). As learner expertise 
can influence the effectiveness of multimedia designs (Chiu 2018, 2019; Chiu and Mok 
2017; Kalyuga 2007, 2014; Kalyuga et  al. 2012), we believe that causal relationships 
exist between learner expertise and emotional design. The following three sections dis-
cuss previous research into how emotion, emotional design and learner expertise affect 
multimedia learning.
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Emotions in multimedia learning

How do emotions affect multimedia learning?

Emotions have crucial effects on different types of cognitive processes. For example, a 
positive emotional state can enhance recall by serving as an effective retrieval cue for long-
term memory (Isen et al. 1987; Isen et al. 1978). This is reflected in the fifth assumption of 
CATLM, which suggests that learner emotional status affects multimedia learning. Emo-
tions influence learning via both beneficial and detrimental effects on cognitive processes 
(Knörzer et al. 2016; Isen et al. 1987; Plass and Kalyuga 2019), which can be explained by 
the effects of extraneous load, motivation, attention and processing styles (Knörzer et al. 
2016). The experiment described in this paper was designed based on the assumptions that 
learner emotions affect extraneous load and motivation.

In relation to extraneous load, it is assumed that both positive and negative emotions 
consume working memory, impairing learning compared to a neutral emotional state. In 
a non-neutral emotional state, the cognitive components of emotion demand additional 
cognition in the working memory (Knörzer et al. 2016). Thus, in terms of CLT, emotions 
result in an extraneous cognitive load, as they do not facilitate cognitive processes that are 
related to germane load. This argument is supported by some empirical studies (Ellis et al. 
1984; Oaksford et al. 1996). Ellis et al. (1984) showed that induced positive and negative 
emotions impair information processing. Oaksford et al. (1996) found that emotions com-
plicate deductive reasoning processes. Here, the extraneous load assumption assumes that 
positive and negative emotions complicate, and do not contribute to, the learning process.

In contrast, the motivation assumption suggests that both positive and negative emotions 
facilitate learning via fostering learner motivation. Studies have shown that positive and 
negative emotions can enhance both intrinsic motivation (Mayer and Estrella 2014; Park 
et  al., 2015a, b; Pekrun et  al. 2002) and extrinsic motivation (Pekrun et  al. 2002), lead-
ing to better cognitive processing and learning (Pekrun 2006; Isen et  al. 1987). Positive 

Fig. 1  Cognitive-Affective Theory of Learning with Media (CATLM)
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emotions associated with the cognitive process foster many different learning outcomes, 
such as creative and divergent thinking (Isen et al. 1987), problem solving skills and recall 
(Isen et al. 1987; Mayer and Estrella 2014).

Emotions can be induced by external mood and emotional design (Um et  al. 2012). 
External mood induction is not discussed in this paper as it is not relevant to our study. 
Emotional design induction concerns learning processes, and is supported by the core 
affect model (Russell 2003). This model suggests that the appearance of a graphic can 
change emotional status and affect learning. A graphic’s appearance can have either facili-
tating or suppressing effects on learning, which can be explained by the effects of extrane-
ous load (Sweller 2010; the coherence principle in Mayer 2009) and motivation (Moreno 
2009; Knörzer et al. 2016; the generative process in Mayer 2009).

Emotional design in multimedia learning

Can an emotional design be a decorative picture? Does an emotional design 
complicate learning by producing unnecessary cognitive load during multimedia 
learning?

Most studies of multimedia learning suggest that images and pictures should be directly 
related to the learning content (the coherent principle; Mayer 2009) to facilitate learning; 
therefore, the inclusion of pictures that are merely decorative is not recommended. How-
ever, emotional design (of which decorative pictures may be a part) uses different visual 
design features with the aim of invoking learner emotion to facilitate multimedia learning 
(Mayer and Estrella 2014; Park et al. 2015a, b). Although the design features are decora-
tions that do not contain content directly related to the learning (i.e., theoretically, they are 
irrelevant to the learning task and may even hinder learning), they might motivate learners 
to give more effort to processing multimedia information. Whether an emotional design 
will impede or promote learning performances depends on its specific design features.

Researchers have investigated the question of which design features can effectively 
enhance multimedia learning. Schneider et al. (2016) reported that learning-context related 
decorative pictures (e.g., students in a lecture hall) enhanced both retention and transfer 
skills with medium effect sizes, compared to leisure-related context pictures (e.g., students 
in a cafeteria). A plausible explanation is that a stronger arousal perception was created by 
the students in the learning-context related decorative pictures group. Plass et  al. (2014) 
found that the tones of colours used in teaching and learning materials, such as warm col-
ours and neutral colours, and the inclusion of ‘face-like shapes’ in the design, can affect 
the nature of emotion and learning. Their study demonstrated that using round face-like 
shapes and warm colours can facilitate comprehension skills, while using round face-like 
shapes and neutral colours can facilitate transfer skills. They also found that round face-
like shapes can evoke positive emotions among learners. Mayer and Estrella (2014) used 
emotional design principles including personification and visual appeal to redraw all of the 
key elements in a lesson using round and symmetrical faces with expressive eyes. Students 
learning with the redrawn pictures exerted more effort during multimedia learning and this 
led to better retention and transfer skills.

According to CATLM, students’ short-term memory can be enhanced by capturing their 
attention. Emotional designs that are more likely to draw students’ attention therefore help 
learners remember and understand the learning concepts and knowledge better and for 
longer (Knörzer et al. 2016).
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Learner expertise in multimedia learning

Does learner expertise affect the effectiveness of emotional design in multimedia 
learning?

In addition to emotional status, learner expertise is a mediator of multimedia learning. 
Learner expertise influences the effectiveness of multimedia instruction because learn-
ers with different expertise levels will respond differently to a given multimedia design 
(Chiu 2018, 2019; Chiu and Mok 2017; Kalyuga 2007, 2014; Kalyuga et al. 2012). The 
literature suggests that multimedia designs that are beneficial for novice learners may 
be detrimental for advanced learners. This phenomenon is referred to as the exper-
tise reversal effect (Kalyuga 2007). Advanced learners find the designs redundant or 
useless, which places an extraneous cognitive load on them, leading to a reduction in 
cognitive capacity available for learning processes. Empirical studies have shown that 
a multimedia design that benefits novices will complicate advanced learners’ devel-
opment of understanding (Chiu and Mok 2017; Leslie et  al. 2012; Rey and Fischer 
2013; Spanjers et al. 2011), possibly due to a heavier cognitive load when developing 
understanding. Other studies have shown that ill- or less-structured multimedia presen-
tations benefit advanced learners more than novice learners (Nievelstein et al. 2013).

Experimental approaches to assessing the effects of learner expertise, i.e., expe-
rience and prior knowledge, have included incorporating additional design features, 
such as presenting aids audibly and/or visually, and controlling the pace of learning 
(the segmenting principle). Many experimental studies suggest that learner exper-
tise has an impact on remembering and understanding in multimedia learning (Chiu 
2016; Chiu and Mok 2017; Kalyuga 2007, 2014; Kalyuga et  al. 2012; Leslie et  al. 
2012; Rey and Fischer 2013; Spanjers et  al. 2011). For example, a design that pre-
sented and described steps to learn on screen worked better for weaker students than 
for stronger students (Kalyuga et al. 2012); images and pictures helped younger (less 
experienced) children learn science, but not older (more experienced) children (Leslie 
et  al. 2012); continuous animations were more effective than segmented animations 
for more knowledgeable learners (Spanjers et al. 2011); and when developing statisti-
cal skills, expository examples and illustrations should be removed for stronger under-
graduate students (Rey and Fischer 2013). These results suggest that additional design 
elements that help weaker learners understand the images and words presented could 
complicate the learning of more able students. The designs provided more informative 
environments that eased weaker learners’ cognitive processing by selecting relevant 
images and words. In contrast, stronger learners found that the extra information in the 
environments was redundant or useless. The additional designs thus became a burden 
and required additional, and unnecessary, cognitive processing (Kalyuga 2014). This 
extra processing resulted in less cognitive capacity for other kinds of processing. This 
was a crucial effect for stronger learners (Kalyuga 2014). Moreover, most of the stud-
ies indicated that incorporating additional design elements in multimedia learning was 
effective for all learners on remembering, but less effective for stronger learners on 
understanding (Chiu and Mok 2017; Leslie et al. 2012; Rey and Fischer 2013; Span-
jers et  al. 2011). These findings suggest that learners with different expertise levels 
have different responses to emotional designs. Such designs may only benefit a specific 
learner group, such as novices.
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Method

The present study

Previous research suggests that the effectiveness of emotional designs is linked to a learn-
er’s expertise and affect; however, no detailed studies in this area have been conducted. 
Accordingly, the findings of this study make a significant contribution to theories of mul-
timedia learning. This paper describes an experimental study that investigated how learner 
expertise (novices with no prior knowledge vs advanced learners who are more knowledge-
able/have studied the related topics previously) affects an emotional design on mathematics 
learning in multimedia environments, and attempts to understand how the design influences 
cognitive capacities available for learning. In the experiment, a 2 × 2 between subjects fac-
torial design with the factors learner expertise (novice (N) vs advanced (A)) and emotional 
design (with an emotional design (ED) vs. without (ND)) was used to achieve the research 
goals. We hypothesized that the emotional design would (H1) help the learners develop 
better remembering (Moreno 2006, 2006, 2007, 2009); (H2) place an extraneous cognitive 
load on the learners, and have a greater facilitating effect on novice learners in developing 
understanding as a result of the expertise reversal effect (Kalyuga 2007, 2014) and the indi-
vidual assumptions for multimedia learning (Chiu and Mok, 2017; Mayer 2009; Kalyuga 
2007, 2014); and (H3) make learning materials more fun (Plass et al. 2014).

Participants and procedure

Our research team first obtained ethical clearance from the university and the consent of 
all participants. The study had a pilot phase and a main study phase. In the pilot phase, we 
conducted an experimental study with two groups of a total of 30 lower primary school 
students to examine the effectiveness of an emotional design that incorporated face-like 
shapes and warm colours. The results showed that the emotional design significantly pro-
moted the participants’ positive emotions.

Experimental studies related to learner expertise or expertise reversal effects have used 
different approaches to measure learners’ expertise levels in different educational sectors, 
such as school year, in lower primary children (see experiment 1 in Leahy and Sweller 
2005; Leslie et al. 2012); academic tests in upper primary and secondary children (Chiu 
and Mok 2017; Kalyuga et  al. 2013); and self-reported questionnaires in university stu-
dents (Oksa et al. 2010; Rey and Fischer 2013).

In our main study, the participants were lower primary school students. We believe that 
students’ school year is closely related to their learner expertise. We therefore purposefully 
invited 70 Primary 1 students (approximately 5  years old and in their first year of K12 
schooling) and 68 Primary 3 students (approximately 7 years old and in their third year of 
K12 schooling) from a Hong Kong school to participate in the experiment. Eleven of them 
disagreed to participate in the experiment or were absent in the experiment day. The Pri-
mary 1 students had not been taught the principles and concepts of patterns as a curriculum 
unit and were classified as novice learners. The Primary 3 students had some prior knowl-
edge of the content of the instructional materials presented because they had previously 
studied patterns as a unit of work, and were classified as advanced learners. We expected 
that the Primary 1 group would be less knowledgeable than the Primary 3 group, which 
was verified by the result of a paper-based pre-test with 10 multiple-choice questions.
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We administered the pre-test to the participants 3 days before the experiment and used 
the results to remove the outliners (two Primary 1 and one Primary 3 students) whose 
z-scores were higher than 3 or lower than -3. Then, we randomly divided the students 
into the four experimental conditions. One Primary 1 and one Primary 3 student did not 
complete the experiment so the composition of the four groups was as follows: 32 nov-
ices learning with the emotional design (NED), 30 novices learning with a non-emotional 
design (NND), 29 advanced students learning with the emotional design (AED), and 31 
advanced students learning with a non-emotional design (AND).

We began the experiment by briefing the groups about our purpose and the desired 
learning outcomes in four classrooms at the same time. The students were then shown the 
corresponding 5-min videos and were given 20 min to complete the post-test and question-
naire. The students were all thanked at the end of the experiment.

Learning instruments and materials

The learning instruments, post-test and questionnaire were written in Cantonese. The 
learning materials were 5-min videos about understanding geometrical patterns. In 
the emotional design groups, face-like shapes and warm colours were added in the 
design (Fig. 2). The post-test, which was in the form of multiple-choice questions with 
three answers, assessed remembering and understanding (Fig.  3). The questions were 
the same as those used in our previous experiments (Chiu and Mok 2017) and were 
modified from those used in Chiu (2016, 2018), Chiu and Mok (2017), and Chiu and 
Churchill (2015a, 2015b). The validity tests of the questions remembering and under-
standing yielded all p values less than 0.05 and Pearson coefficients higher than 0.65; 
the reliability tests of the questions remembering and understanding yielded cronbach’s 
alpha of 0.81 and 0.85 respectively. The remembering learning outcomes were meas-
ured by means of recall questions the same as those presented in the videos for the 

Fig. 2  The screenshots of the videos in the control and experimental group
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non-emotional design groups; the questions which measured understanding were new. 
Each measure had 10 questions and each scored 1 point. The questionnaire included 
a 5-scale Likert question measuring intrinsic motivation with the statement ‘I find the 
learning material fun’. This question was used in the study by Plass et al. (2014).

Fig. 3  Sample questions in remembering and understanding tests
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Results

To analyse the post-test data, we used SPSS 21 to conduct 2 × 2 univariate analyses of 
variance (ANOVAs) (emotional design: with vs without face-like shape and warm col-
our) × (learner expertise: novice vs advanced) with remembering, understanding and 
intrinsic motivation as dependent variables. All dependent variables met the assumption 
of homogeneity of variance, with all p values > 0.05 in Levene’s tests. Means and standard 
deviations for the scores of both groups are shown in Table 1; the main and interaction 
effects are summarised in Table 2.

For remembering, ANOVA revealed a main effect of emotional design, F(1, 
118) = 145.79, p < 0.001, partial η2 = 0.56, indicating that the with emotional design group 
(M = 9.07, SD = 0.84) performed significantly better than the without group (M = 7.09, 
SD = 0.98). There was no main effect of learner expertise, F(1, 118) = 3.26, p = 0.07, partial 
η2 = 0.03; nor was there an effect of emotional design by learner expertise, F(1, 118) = 2.08, 
p = 0.15, partial η2 = 0.02.

For understanding, univariate ANOVAs showed that there were no significant effects 
of emotional design, F(1, 118) = 1.23, p = 0.27, partial η2 = 0.01 or learner expertise, F(1, 
118) = 2.02, p = 0.158, partial η2 = 0.02. A significant interaction effect was found, F(1, 
119) = 5.52, p = 0.020, partial η2 = 0.04. A significant simple effect was found for the 
novices who learned better with the emotional design, F(1, 60) = 6.75, p = 0.01, partial 
η2 = 0.101; a significant simple effect was found for the advanced group who learned bet-
ter without the emotional design, F(1, 58) = 19.99, p =  < 0.001, partial η2 = 0.26. A signifi-
cant simple effect was found for the non-emotional design, such that the advanced students 
learned better than the novice group, F(1, 59) = 21.72, p < 0.001, partial η2 = 0.27; a signifi-
cant simple effect was found for the emotional design, such that the novices learned better 
than the advanced students, F(1, 59) = 5.74, p = 0.02, partial η2 = 0.654.

For intrinsic motivation, a univariate ANOVA found no main effect of learner expertise, 
F(1, 118) = 1.21, p = 0.27, partial η2 = 0.01, but an effect was found for emotional design, 
F(1, 118) = 6.90, p = 0.01, partial η2 = 0.06. No significant interaction effect was found, 
F(1, 118) = 0.28, p = 0.60, partial η2 = 0.002.

Table 1  Descriptive statistics for 
four experimental groups

Variable NED 
(n = 32)

NND 
(n = 30)

AED 
(n = 29)

AND 
(n = 31)

M SD M SD M SD M SD

Remembering 9.10 .82 7.37 .85 9.03 .87 6.84 1.03
Understanding 7.75 1.39 6.93 1.05 7.00 1.00 8.29 1.21
Intrinsic motivation 3.16 .95 3.63 .85 3.07 .80 3.39 .72

Table 2  Summary of the main 
and interaction effects

Variable Main effect of 
learner expertise

Main effect of 
emotional design

Interac-
tion 
effect

Remembering No Yes No
Understanding No No Yes
Intrinsic motivation No Yes No
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Discussions, conclusions and limitations

The experiment reported in this paper was designed to investigate the effect of an 
emotional multimedia design incorporating face-like shapes and warm colours on the 
remembering and understanding skills of students with different expertise levels. This 
study aimed to investigate how different expertise levels influence the effectiveness of 
an emotional design on mathematics learning in multimedia environments, and sought 
to understand the facilitating, neutralising or suppressing effects of the design. Con-
sequently, this paper presents three empirical implications and makes two theoretical 
contributions and two practical suggestions.

Empirical implications

The findings of the experiment confirmed our three hypotheses described earlier in this 
paper and have three major empirical implications. First, the emotional design had sig-
nificant effects on developing remembering (H1). This result supports those of related 
empirical studies, such as those by Plass et al. (2014), Mayer and Estrella (2014), and 
Chiu and Mok (2017), which indicate that aspects of multimedia design can enhance 
the development of remembering. This phenomenon may arise because an emotional 
design creates a fun environment in which learners are inclined to invest more effort 
in learning. Such a design is more likely to facilitate the development of lower-order 
thinking skills.

Second, the design benefited the novice group, but not the advanced group on devel-
oping understanding (H2). This suggests that the emotional design complicated learn-
ing for the advanced group. The learning task for understanding (higher-order think-
ing skills) involved heavier cognitive processing (Chiu and Mok 2017). A plausible 
explanation in terms of CATLM is that the design encourages novice learners to make 
more effort in learning; however, the extraneous cognitive load placed on the learn-
ers consumes so much cognitive capacity that the available capacity is not sufficient 
for generative learning processes (germane load) (Chiu and Mok 2017). However, the 
advanced group has enough capacity to process the information. Therefore, the design 
was purely ‘decorative’ for the advanced group and should not be included (see May-
er’s (2009) coherent principle). In other words, for the advanced group the benefits 
of emotional design do not outweigh its drawbacks and consume too many cognitive 
resources. Although the results of this study have implications, the p value of the emo-
tional design group was close to 0.5, i.e., the effect size was low. This may suggest that 
there was no significant difference between the novice and advanced groups in devel-
oping understanding skills when the emotional design was used.

Finally, the emotional design introduced more fun (and thus intrinsic motivation) 
to the learning process (H3). This result is in line with earlier studies that encour-
age the use of emotional designs in learning (see Mayer and Estrella 2014; Chiu and 
Mok 2017; Plass et al. 2014). However, these results suggest that an emotional design 
may not benefit advanced learners’ development of understanding as the design con-
sumes working memory capacity compared to a neutral emotional state, see Kalyugas’ 
expertise reversal effect (Kalyuga 2007, 2014) and Mayers’ redundant principal (Mayer 
2009).
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Theoretical contributions

The results contribute to CATLM by showing how an emotional design in multimedia 
learning affects cognitive processes through emotion, motivation and attention. Most ear-
lier relevant studies have not taken learner expertise or thinking skills into account when 
studying emotional designs (see Park et  al. 2015a, b, Plass et  al. 2014; Knörzer et  al. 
2016; Schneider et al. 2016; Um et al. 2012). The authors of these studies advocated that 
an appropriate emotional design can facilitate cognitive processing during learning even 
though it may place an extraneous cognitive load on the learners because the learners 
would invest more effort in their cognitive processing to integrate their prior knowledge 
from long-term memory and organised knowledge from the multimedia presentations into 
new knowledge.

This study has added two new factors to the theory: learner expertise and thinking 
skills. The emotional design increased the level of intrinsic motivation; however, the effect 
varied between learners with different expertise levels. The findings show that a design can 
be purely decorative for some learners. Its facilitating effects on cognitive processing may 
not overcome the difficulties caused by the additional extraneous cognitive load, which 
results in neutralising or suppressing effects. Even though learners’ cognitive processes 
were facilitated through positive emotion and a higher level of motivation, the effects on 
cognitive processing were minimal. Consequently, this study supports the individual dif-
ference assumption, and further suggests that multimedia materials that stimulate and elicit 
emotion have varying effects on different learners. The answer to the question of whether 
emotions and attention can facilitate cognitive processing will differ according to learner 
expertise and learning outcomes.

Practical suggestions

We offer two practical suggestions for mathematics teachers and one practical suggestion 
for instructional designers. The first suggestion for mathematics teachers is that it is more 
effective to use face-like shapes and warm colours for all learners in developing lower-
order mathematics thinking skills such as remembering, identifying and procedural skills. 
We recommended that human-like pictures are included in multimedia presentations when 
the mathematics learning tasks are not too complicated. The other suggestion is that teach-
ers should be very careful when they design mathematics learning activities that aim to 
draw students’ interests and foster their motivation, because such ‘fun’ activities may not 
lead to better learning outcomes.

Our findings expand upon to the design principals for emotional design and learner 
expertise in multimedia learning, such as those of Plass et al. (2014), Mayer and Estrella 
(2014); Kalyuga (2014) and Mayer (2009). A single multimedia learning design cannot 
effectively cater for learners with different expertise levels (Chiu 2016, 2018; Kalyuga 
2007, 2009, 2014; Mayer 2009). The results of this study further suggest that a single emo-
tional multimedia design can also have different effects on developing different thinking 
skills. Emotional designs that have promising facilitating effects on a thinking skill of a 
given order may suppress learning in thinking skills of a different order. We encourage 
instructional designers to use learner expertise and learning outcomes, particularly in terms 
of thinking skills of different orders, to determine whether to include emotional design in 
multimedia presentations offered to learners.
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Limitations and future directions

Learners are required to allocate sufficient cognitive resources to multimedia presenta-
tions to develop better learning outcomes (Chiu 2016, 2018; Chiu and Churchill 2015a, 
2015b; Chiu and Mok 2017; Park et al. 2015a, b). This study appears to support the use 
of emotional designs to motivate students to make more effort in learning; however, 
some of the p values are close to 0.05. We believe that more experiments are needed to 
support and extend the current findings to understand how learner expertise and learn-
ing outcomes influence the effectiveness of emotional design in multimedia learning. To 
further understand what and how emotional designs benefit learners, the results of the 
present experiment could also be extended by additional studies on different emotional 
designs, mood/emotion induction designs, or in other subject domains. In conclusion, 
future research on adaptive learning environments should focus on cognitive processing, 
and interactions among learner prerequisites, emotions and multimedia presentations.
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