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dynamics on young children's performance in an origami task

Tiphaine Colliot? | Jean-Michel Boucheix?

1Centre de Recherches sur la Cognition et
I'Apprentissage, CeRCA, Université de Poitiers,
Poitiers, France

2LEAD-CNRS, UMR5022, Université
Bourgogne, Dijon, France

Abstract
Background: Previous studies have shown that dynamic illustrations, as compared to
their static counterparts, lead to higher achievement levels, especially for hand-based

procedures. Other researchers have investigated how the presence of seductive
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details (i.e., appealing but irrelevant adjunct displays) influences students' interest
positively but their learning negatively.

Obijectives: The purpose of the two present studies was to investigate the effects of
animated versus static presentations, combined with the presence of seductive
details, on student performance on a paper-folding task (i.e., origami) in a naturalistic
school environment.

Methods: Fifty-five children (5-6 years old) participated in the first study and were
randomly assigned to one of four groups. The second study was conducted with
older children (72 s or third graders) and a more complex origami task.

Results and Conclusions: In the first study, results demonstrated negative effects of
seductive details on children's performance and time on task, but no effects of pre-
sentation format. In the second study, no negative effects of seductive details on stu-
dent achievement were found, but animated illustrations significantly improved
children's performance and reduced time on task. However, seductive details tended
to impair learning more greatly given the presence of static, as compared to animated,
presentations. Task difficulties and pupils' ability to inhibit irrelevant information may

explain these results.

KEYWORDS
animated illustrations, hand-gesture procedure, learning performance, seductive details, static
illustrations

1 | INTRODUCTION

pedagogical designs choices are critical, as they can greatly influence stu-

dents' information processing and, in turn, their learning performance

How should one present information effectively so that it promotes the
student learning experience (e.g., satisfaction, interest, and motivation)
and achievement? Learning from a multimedia document is now a com-
mon practice for pupils in educational settings. There are many ways to

present information to a learner in a multimedia document. Moreover,

(see Mayer's multimedia principles, Mayer & Fiorella, 2021; Tor-
kar, 2022). In two experimental studies conducted in naturalistic environ-
ments, we investigated the effects of illustration type, specifically static
versus dynamic, as well as the effects of the presence of seductive

details, on young children's performance during an origami task.
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1.1 | The effects of using dynamic illustrations to
present procedural knowledge on learning

“Animations,” with this term referring to “any application which gen-
erates a series of frames, so that each frame appears as an alteration
of the previous one, and where the sequence of frames is determined
either by the designer or the user” (Bétrancourt & Tversky, 2000,
p. 313), are an increasingly common component of multimedia learn-
ing materials in schools. They are widely considered to be an intrinsi-
cally effective way of presenting dynamic subject matter to learners,
particularly if it is complex and unfamiliar to the target audience.
However, research suggests that animated graphics are not necessar-
ily superior to their static counterparts as aids to understanding
(Berney & Bétrancourt, 2016; Lowe et al., 2022). One of the main
challenges regarding animation processing is related to its transience
(Lowe & Boucheix, 2008; Spanjers et al., 2011). When learners are
presented with transient information, they must simultaneously store,
process, and link both previous and current information. Learning
transient information can be very demanding and can result in the
severe impairment of the quality of the mental model built from
the animation (Lowe & Boucheix, 2008, 2011). Thus, transient infor-
mation can be considered to have negative cognitive load conse-
quences for learners' working memory (Leahy & Sweller, 2011;
Lowe, 1999; Sweller et al, 2011; Wong et al., 2012). It could be
hypothesized that such a negative effect could even be higher for
young children, who may not have the same cognitive control or exec-
utive function abilities as adults (see Barrouillet et al., 2007). However,
all the four meta-analyses comparing the effectiveness of static and
animated graphics, or images, indicated a positive effect on the part of
animations, as compared to static presentations, on learning and com-
prehension (Berney & Bétrancourt, 2016; Castro-Alonso et al., 2019;
Hoffler & Leutner, 2007; Ploetzner et al., 2020). In the three first
meta-analyses, a small to medium-sized positive effect on the part of
animations was found (0.37, 0.22, and 0.23, respectively). Ploetzner
et al. (2020) proposed new moderators influencing learning outcome
performance: the spatio-temporal changes displayed in the animation
or video and their complexity level. The results showed that anima-
tions can be more effective than static graphics when complex time-
related features, such as velocity or accelerations, are displayed.
These meta-analyses, combined with previous research, indicate
that animated presentations are particularly beneficial and superior to
their static counterparts when learning materials are based on human
movements, especially hand-based procedures (Ayres et al., 2009;
Boucheix & Forestier, 2017; Brucker et al., 2015), due to the human
ability to learn movement tasks by observation (Arguel &
Jamet, 2009). The results of these research were very similar in a
diversity of procedures; origami and lego, Marcus et al. (2013), knots
tying, Schwan & Riempp (2004), Wong et al. (2009), Wong et al.
(2012); for a review in relation with the mirror neurons system theory,
see van Gog et al. (2009). In this regard, one explanation of this ability
to learn movements by direct observation is the existence of a highly
effective mirror neuron system (Rizzolatti & Craighero, 2004; see also
van Gog et al. 2009). Boucheix and Forestier (2017) proposed a com-
plementary explanation they termed the “static presentation effect on
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cognitive load” (p. 359, see also Jiang & Sweller, 2022). Previous
research has often argued that the processing difficulties related to
the transience of animation do not occur with static graphics, because
the information remains available to the learners (Ayres et al., 2009;
Bétrancourt, 2005; Boucheix & Schneider, 2009; Ganier & de
Vries, 2016; Hegarty et al., 2003; Jiang & Sweller, 2022; Mayer
et al., 2007). However, processing a series of static pictures involves
inferring the dynamics involved from the presentation of the key
steps. This processing activity requires the ability to use prior knowl-
edge of the subject matter, especially for young children, and also
depends on the temporal distance between the presented key frames.
Furthermore, when the task involves long procedures, static graphics
could demand a high level of visual searching between pictures, the
inhibition of non-relevant information, and, thus, competition for
attention (Barrouillet et al., 2007; Boucheix & Forestier, 2017;
Lowe & Boucheix, 2016). In a study about first aid learning from
videos, Arguel and Jamet (2009) found that the number of static pic-
tures mattered greatly. This is in line with Boucheix and Forestier
(2017), who hold that the extra processing demands required by a
series of static pictures may increase the extraneous cognitive load
(Paas & Sweller, 2014). Finally, presenting a dynamic series of events
with static pictures could break the visual continuity of the procedure,
especially the hand dynamics (see the “attentional theory of cinematic
continuity”—AToCC—by Smith, 2012; Smith et al., 2012). Temporal
continuity may help the memorization of continuous events display,
especially hand procedures.

Among the many studies that have compared learning from
dynamic versus static presentations, most have involved adults; young
adults, mostly university students; or secondary or high school pupils.
Only a few of these studies involved younger children (e.g., Boucheix &
Guignard, 2005; Cook et al., 2017; Post et al., 2013), and even fewer
studies concerned hand procedure learning (e.g., Boucheix &
Forestier, 2017, for knots tying, and Wong et al., 2012, for origami).
The children who participated in these studies were between 8 and
11 years old and at the end of elementary school. Just like adults, it
seems that primary school children learn more from animated presenta-
tions than from static presentations given the same procedural content.
For example, in an origami task with 10-11-year-old children, Wong
et al. (2012, Experiment 1) showed that, when transient information
was presented in short sections, animations were found to be superior
to static graphics, so the ability to learn by observing is possessed by
primary school children. However, when transient information was pre-
sented in long sections, animations tended to lose their superiority to
static graphics, with this likely being related to the larger amount of
information being presented. These results were partially replicated in a
task that consisted in tying nautical knots with 10-11-year-old children
(Boucheix & Forestier, 2017, Experiment 1). The children required sig-
nificantly less time to learn to tie the nautical knots in the dynamic pre-
sentation condition than in the static counterpart condition. However,
the results indicated that animations divided in long sections did not
always lose their superiority to static graphics. It was argued that a
series of static graphics could (i) increase inhibition-related processing
demands within and between pictures, (i) break the attentional conti-
nuity advantage of natural dynamic procedure, and (iii) lower task
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affordance benefits. Continuous hand and rope movements together
may provide “natural human movements cues” that are useful for chil-
dren mimicking gestures, which could facilitate the linking of micro-
steps and overall learning.

To our knowledge, no studies testing the superiority of anima-
tions to static graphics in teaching a hand procedure (origami) have
been conducted with children from 5 to 8 years old. Processing
dynamic information could be perceptually and cognitively demanding
for kindergarten-age children, but due to humans' ability to learn pro-
cedures from observation, a dynamic presentation could still prove
superior to static graphics. In addition, often to increase motivation
and learning engagement, educational multimedia materials used for
young children include attractive decorations and seductive details.
Such additions on may influence the effect of a dynamic or static pre-

sentation, and this issue is explored in the next section.

1.2 | How do seductive details influence student

learning?

Seductive details are defined as “interesting but irrelevant information
that are not necessary to achieve the instructional objective”
(Rey, 2012, p. 216). To make a lecture more appealing and to trigger
learners' interest and motivation, some instructors may be tempted to
use several seductive details in their multimedia documents (Bender
et al., 2021a). According to Moreno's cognitive-affective theory of
learning with media (CATLM, Moreno, 2006, 2009; Moreno &
Mayer, 2007; see also Schneider et al, 2021's cognitive-
affective-social theory of learning in digital environments, CASTLE),
motivation is a critical learning-regulation process that can increase
students' learning by fostering generative processes. Indeed, motiva-
tion can positively influence learners' efforts to invest in deep infor-
mation processes and, therefore, their engagement in the learning
task (Mayer, 2014a, 2014b). To this end, some studies have demon-
strated that decorative pictures, which are considered seductive
details, can enhance student interest (e.g., Magner et al, 2014;
Wang & Adesope, 2016). A few studies also found positive effects on
the part of seductive details on learning outcomes under specific con-
ditions (e.g., Fries et al., 2019; Ketzer-Noltge et al., 2018; Lehmann
et al., 2019; Wang et al., 2021).

However, several meta-analyses have highlighted the negative
overall effects of seductive details on learning performance
(Rey, 2012; Sundararajan & Adesope, 2020; see also Noetel
et al., 2022). More specifically, in Rey's meta-analysis (Rey, 2012), a
small to medium effect size was found for retention performance
(d = 0.30) and a medium effect size was found for transfer perfor-
mance (d = 0.48). This refers to the seductive detail principle, which
asserts that people learn more deeply from a multimedia presentation
when interesting but unimportant adjuncts are excluded (Rey, 2014,
p. 133). This principle is linked to the coherence principle, which holds
that people learn better when extraneous words and images are
excluded (Mayer & Fiorella, 2021). The presence of seductive details
would add extraneous cognitive load (i.e., the load is determined by
how the information is presented and linked to the instructional

Journal of Computer Assisted Learning_WI]_E\(J_3

design of a multimedia document; Sweller et al., 2019), which is irrele-
vant to learning. More specifically, seductive details may consume
some of the learner's limited cognitive resources, which could have
been devoted to deeply processing the relevant information from the
multimedia document. As stated by Eitel et al. (2018, p. 21), “Seduc-
tive details are detrimental to learning because they make it harder
for students to select and integrate relevant information into a coher-
ent mental representation (reflected in increased ECL) or simply
because they require the processing of additional information that is
irrelevant to performing well in the posttest.”

In Magner et al. (2014), 8th grade students worked with a cogni-
tive tutor geometry lesson, either with interesting decorative illustra-
tions or without these illustrations. The results confirmed that viewing
these seductive details increased students' situational interest. More-
over, the results showed a differentiated effect on learning depending
on students' prior knowledge: low-prior-knowledge students per-
formed better on a near-transfer task without seductive details (con-
sisting in “problems with the same structure or solution rationale but
different surface features such as objects and numbers,” Atkinson
et al., 2003, p. 775) whereas high-prior-knowledge students per-
formed better on a near-transfer task when they were provided with
seductive details. These results are in line with those obtained by Park
et al. (2011) who showed that seductive details positively influenced
learning under a low load condition (see also Korbach et al., 2016). In
Wang and Adesope's study (Wang & Adesope, 2016), 9th graders
studied either a base-only passage about geology or the same passage
but with seductive details. Their results showed that learners in the
seductive details group rated the learning material more highly in
terms of triggering situational interest. However, mediation analyses
revealed that the triggering of learners' situational interest was a sig-
nificant negative predictor of their recall performance. According to
Wang and Adesope (2016), these negative effects stem from the fact
that learners' situational interest was triggered by irrelevant informa-
tion, which, in turn, impaired their learning. In addition, recording
learners' eye-tracking behaviours while studying a text containing
seductive illustrations revealed that learners with low working mem-
ory capacities looked more frequently at and spent a more time on
seductive illustrations as compared to learners with high memory
capacities (Sanchez & Wiley, 2006). Thus, seductive details would be
detrimental to novice learners', as they decrease their attention to rel-
evant information (Alemdag & Cagiltay, 2018; Park et al., 2015). Over-
all, studying with seductive illustrations decreases the fixation
duration on relevant text areas (Park et al., 2020).

An interesting study conducted by Eitel et al. (2018) showed that
the negative effect on the part of seductive detail on learning outcomes
is not observed when learners are informed about the details' irrele-
vance (see Bender et al., 2021a for similar results). Students being aware
of the irrelevance of this information could help them control their cog-
nitive processing and ignore it, thus avoiding becoming distracted during
studying (on the self-management of cognitive load, see Eitel
et al., 2020). When students process seductive details without being
informed that this information is irrelevant, they can construct mental
models based on these seductive details, which will impair their learning
performance (diversion process, Bender et al., 2021b).
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Finally, recent research has shown that seductive details are detri-
mental to novice learners, even if they can increase their situational
interest (e.g., Rey, 2012; Sundararajan & Adesope, 2020). These
details can distract learners' attention from the relevant information
and disturb their elaboration of a coherent mental model integrating
the critical information from the multimedia document (Alemdag &
Cagiltay, 2018; Bender et al., 2021b; Park et al., 2015, 2020).

1.21 | Overview of the current studies and
hypotheses

To date, no studies have ever investigated how the effects of anima-
tion, combined with seductive details, influence learning. On one
hand, research about the benefits of animations over their static coun-
terparts showed that significant differences between dynamic and
static visualizations were more regularly obtained when learning pro-
cedural knowledge than when learning declarative or conceptual
knowledge (e.g., Ayres et al., 2009; Boucheix & Forestier, 2017;
Brucker et al., 2015). Moreover, in the four meta-analyses comparing
the effectiveness of static and animated illustrations on learning, the
effect size found in favour of the animation was higher for procedural
knowledge and motor tasks than for declarative and conceptual
knowledge (Berney & Bétrancourt, 2016; Castro-Alonso et al., 2019;
Hoffler & Leutner, 2007; Ploetzner et al, 2020, see also Lowe
et al., 2022). On the other hand, as far as we know, seductive details
have been researched widely when learners read expository text, mul-
timedia presentations, or watch a video about a scientific topic. There-
fore, the question remains as to whether, the difference between
dynamic and static presentation formats will be preserved and
especially if seductive details still distract learners' attention and/or
overload their limited working memory when they are performing
hand-gesture tasks.

Furthermore, most previous studies have been conducted with uni-
versity students. The two present studies aimed to test the effects of
animated illustrations, combined with seductive details, on primary
school children. Moreover, as emphasized recently in the meta-analysis
of Sundararajan and Adesope (2020), there have been only a few inves-
tigations of seductive details in the classroom. This is why we con-
ducted these studies in naturalistic environments with children.

Furthermore, seductive details are often placed around relevant
areas during a learning task, which means that learners must process
them so that the negative effects appear. This also explains why
informing students about their irrelevance can prevent the negative
effects of seductive details, as learners no longer process this informa-
tion (Eitel et al., 2018). However, sometimes, seductive details are
inseparable from the areas that must be processed to complete the
learning task. Here, we chose to use material in which the seductive
details were placed in the relevant areas that children had to process.
The students saw an origami constructed with either a blank piece of
paper (without seductive details) or with a piece of printed design
paper (with seductive details). To our knowledge, the present two

studies are the first to test the superiority of animations to static
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graphics, combined with the effects of seductive details, in learning a
hand-gesture procedure (origami) with young children in a naturalistic
environment.

Based on previous studies regarding students' achievement for
the task, we expected positive effects on the part of animation (H1a,
Boucheix & Forestier, 2017) and negative effects on the part of
seductive details (H1b, Sundararajan & Adesope, 2020). We also
expected that the negative effects of seductive details to be greater
in the static illustrations groups, as the cognitive load would be higher
in this group (H1c).

Similar effects were expected regarding the time spent on the
task: viewing animated illustrations would reduce the time spent on
the task (H2a), while seductive details would increase it (H2b). An
interaction between illustration types and seductive details was also
expected: the time spent on the task would be the highest in the
static illustrations group with seductive details (H2c).

Regarding students' situational interest, following previous stud-
ies, we hypothesized that viewing seductive details would increase
students' situational interest (H3a, Magner et al, 2014). We also
expected a positive effect on the part of animated illustrations on stu-
dents' interest (H3b, Bétrancourt & Tversky, 2000).

Concerning cognitive load, we hypothesized that viewing static
illustrations would lead to a higher cognitive load, as students would
need to infer the dynamics from the presentation of the key steps (H4,
Boucheix & Forestier, 2017). Two alternative hypotheses could be
made regarding the effects of seductive details on students' cognitive
load. On one hand, seductive details could increase students' cognitive
load, as they consume their limited cognitive resources for the sake of
irrelevant information processing. On the other hand, by making the
document more appealing and targeting students' situational interest,
these details could decrease students' perceptions of the cognitive load
induced by the learning situation. Therefore, no hypothesis was made

concerning the effects of seductive details on cognitive load.

2 | EXPERIMENT 1

21 | Method

2.1.1 | Participants and design

Previous research about the effects of seductive details on learning
indicated small to medium effect sizes (see the meta-analyses by
Noetel et al., 2022; Rey, 2012; Sundararajan & Adesope, 2020). Based
on a small to medium effect size for a two-way ANOVA analysis, that
is two between subjects factors corresponding to the two factors of
the present experiment (i.e., Presence or Absence of seductive details
and Format, Static vs. Animated) we performed two power analyses:
(1) The compromise power analysis (compute implied o and power,
—given B/a ratio, sample size and effect size) conducted with
G*power 3.1 (Faul et al., 2007) showed for an effect size f of 0.25, a
B/a ratio of 1 and a power (1 — B err.prob.) reaching 0.75 of a sample
of 55 participants; (2) A sensitivity power analysis was performed with
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FIGURE 1 lllustrations of the
four study conditions: static
illustrations without seductive
details (top left), static
illustrations with seductive details
(top right), animated illustrations
without seductive details (bottom
left), and animated illustrations
with seductive details (bottom
right).

G*Power 3.1 (Faul et al., 2007) to estimate the minimum effect size
detectable for a factorial ANOVA with the four groups (n = 21-23).
This analysis indicated that for a power (1 — p err.prob.) of 0.80, a
medium effect size f of 0.38 would be detectable with the current
sample size.

Fifty-five children in their last year of nursery school (M,ge = 5.6 -
years old, 28 girls and 27 boys) from three different classrooms took
part in this study. All the children engaged in a paper-folding task to
reproduce an origami representing a cat's head.

The experiment followed a 2 x 2 design in which the type of
illustrations (static vs. animated) and seductive details (with or with-
out) were between-subject factors. This resulted in four experimental
groups to which children were assigned randomly: static illustrations
without seductive details (n = 15), static illustrations with seductive
details (n = 15), animated illustrations without seductive details
(h = 13), and animated illustrations with seductive details (n = 12, see
Figure 1).

212 | Material

In both animated illustration groups, children saw a video of the ori-
gami folding actions on a tablet computer. Each child in the animated
groups had an individual tablet computer on which to watch the video
and had the chance to pause and navigate through the video. In the
static-illustrations groups, children were provided with a small booklet
composed of eight pages, with each page containing one image. The
eight images depicted the eight actions children had to perform in
order to reproduce the origami. The actions were described using
arrows and dotted lines on top of the pictures (see Figure 1). The

paper-folding actions shown on the paper or on video were
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performed with either a blank sheet of paper (without seductive

details) or a printed design paper composed of various drawings (with
seductive details; see Figure 1). In the animated-illustrations-with-
seductive-details group, three small drawings of animals appeared
during the folding actions on the corner of the video. In the animated-
illustrations groups, the video lasted 2 min 16 s without seductive
details and 2 min 40 s with seductive details. All the children were
provided with a blank sheet of paper to reproduce the origami while
watching the video or looking at the illustrations they were
provided with.

2.1.3 | Measures

Cognitive load

Participants were asked to rate their perceived cognitive load during
the task on a 5-point Likert scale item that ranged from 1 (very diffi-
cult) to 5 (very easy). Each point of the scale was associated with a
coloured smiley face to help the children position themselves on the
scale. The question used was as follows: “Did you find this activity dif-
ficult to realize?” This item was adapted from the item used by Mor-
eno and Valdez (2005) and DeLeeuw and Mayer (2008). To facilitate
data interpretation, the results were reversed so that a high score

indicated a high cognitive load perception.

Situational interest

The children were also asked to rate their situational interest in the
paper-folding task on a 5-point Likert scale item that ranged from
1 (did not like it at all) to 5 (liked it very much). As with the cognitive
load item, each point of the scale was associated with a coloured

smiley face to help the children position themselves on the scale. The
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question used was as follows: “Did you find this activity interesting?”
This item was adapted from Frechette and Moreno's interest/
motivation dimension (Frechette & Moreno, 2010) and Rotgans and
Schmidt's situational interest scale (Rotgans & Schmidt, 2014).

Children's achievement

When a child finished the paper-folding task, the schoolteacher col-
lected the origami they had constructed and noted the participant's
code on it. This allowed us to assess the children's achievement by
counting the number of steps, out of eight, that they performed cor-
rectly in constructing the origami. The origamis could be partially con-
structed, constructed with some errors, or perfectly constructed.

Time spent on task

All the children began this activity at the same time. Each produced the
origami individually, at their own pace, on a blank sheet of paper. A
timer was used to measure the time taken to perform the paper-folding
task. When a child considered that he or she had finished the task, he or
she was asked to raise his or her hand to indicate this to the teacher.
Therefore, the time spent on task consisted of the time elapsed
between when the children started the activity and the time they raised

their hands. In addition, a time limit of 10 min was set for the task.

214 | Procedure

First, the children were told about the different steps involved in the
study. They were also informed of the study duration, that is, the time
limit of 10 min in which to construct the origami. The task was per-
formed individually in the classroom. Depending on their study group,
the children performed the task either while viewing a video on a tab-
let computer (the animated illustrations groups) or using a booklet
composed of eight pages (one image per page for the static illustra-
tions groups). They were allowed to navigate freely through the video
and the pages of the booklet during the task. However, the children
were told that the teacher would not help them in the paper-folding
task and that they had to create the origami by themselves. The chil-
dren were also instructed to raise their hand quietly when they
believed that they had finished the origami. Before beginning the task,
the teacher ensured that all the children understood the instructions
and had no questions. When the teacher collected an origami, the
child was provided with the subjective rating scales to complete. If a
child had finished the task rapidly, the teacher would give them col-

ouring pages to help them wait patiently.

2.1.5 | Dataanalysis

We ran a MANOVA to test the effects of the conditions on the various
measures collected in this study: achievement, time spent on task, per-
ceived situational interest, and cognitive load. The significant main effect
obtained were followed up with ANOVAs for each dependent variable.
The means and SDs of each group for the various measures are
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displayed in Table 1. All the analyses were conducted using Jamovi com-
puter software (see the Jamovi Project, 2019; R Core Team, 2018).

2.2 | Results

The MANOVA revealed a significant main effect of seductive details
Wilk's Lambda = 0.790, p = 0.021, but no significant main effect for
the type of illustrations, Wilk's Lambda = 0.904, p = 0.294. There
was also no significant interaction effect, Wilk's Lambda = 0.918,
p = 0.380.

2.2.1 | Children's achievement

Children's achievement was calculated by counting the number of
steps they correctly performed in constructing the origami. The analy-
sis revealed a significant main effect for seductive details, F(1, 51) =
9.072, p = 0.004, n? = 0.151 (supporting H1b) but no significant main
effect for the type of illustrations, F(1, 51) = 0.049, p = 0.826,
1n? = 0.001 (contradicting H1a). In addition, contrary to Hlc, the inter-
action between types of illustrations and seductive details was not
significant, F(1, 51) =0.148, p =0.702, n? =0.002. The results
showed that children in the groups without seductive details
(i.e., static illustrations without seductive details and animated illustra-
tions without seductive details) outperformed children in the groups
with seductive details (i.e., static illustrations with seductive details
and animated illustrations with seductive details). More specifically,
when children performed the task by viewing a blank sheet of paper
they outscored those who viewed the folding actions with a printed
design paper (M = 7.14 of correct actions out of 8 vs. and M = 5.63,

respectively).

222 | Time spent on task

In accordance with H2b, the ANOVA revealed a main effect for
seductive details on the amount of time spent on task, F(1, 51)
=8.93, p = 0.004, n2 = 0.139. However, no significant main effect
for the type of illustrations was obtained, F(1, 51) = 1.83, p = 0.182,
n? = 0.028, which contradicts H2a. In addition, the interaction
between the type of illustrations and the presence of seductive details
was not significant, F(1, 51) = 2.67, p = 0.108, n? = 0.041 (contra-
dicting H2c). The results revealed that adding seductive details
increased the time spent on the task (M = 5.15 min, on average, in
both groups without seductive details versus M = 7.08 min, on aver-

age, in both groups with seductive details).

2.2.3 | Situational interest

The ANOVA showed no main effect for the type of illustrations chil-
dren were provided with (static vs. animated) on their perceived
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TABLE 1

Without seductive details
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Mean percentages (and standard deviations) for outcome variables by group for Experiment 1.

With seductive details

Static illustrations Animated illustrations Static illustrations Animated

(n = 15) (n=13) (n = 15) illustrations (n = 12)
% of steps correctly achieved 87.5(22.2) 91.3(11.8) 70.8 (22.0) 69.8 (33.9)
Time spent on task (min.) 4.29 (1.38) 6.15 (2.38) 7.16 (2.51) 6.98 (2.76)
Situational interest/5 4.27 (1.39) 4.23 (1.09) 3.67 (1.76) 4.33 (1.23)
Cognitive load/5 1.87 (1.30) 2.00 (1.63) 3.13 (1.55) 2.42(1.78)

interest in the task, F(1, 51) = 0.683, p = 0.413, n? = 0.013. There
was also neither a main effect for the presence of seductive details, F
(1, 51) = 0.425, p =0.518, n?> =0.008, nor an interaction effect
between the type of illustrations and the presence of seductive
details, F(1, 51) = 0.847, p = 0.362, n?> = 0.016. These results contra-
dict H3a and H3b.

224 | Cognitive load

The ANOVA revealed no main effect for the type of illustrations chil-
dren were provided with (static vs. animated) on their ratings of the
cognitive load induced by the task, contradicting H4, F(1, 51) = 0.475,
p = 0.494, n?> = 0.008. A marginal effect for seductive details was
observed, F(1, 51) = 3.957, p = 0.052, n2 = 0.070, in that children
viewing illustrations without seductive details found the task easier as
compared to those who viewed illustrations with seductive details.
Analyses revealed no significant interaction effect, F(1, 51) = 1.009,
p = 0.320,n? = 0.018.

2.3 | Discussion of experiment 1
The results revealed that seductive details negatively influenced chil-
dren's performance. Children given seductive details performed better
during the paper-folding task as compared to those who were not given
the seductive details. Seductive details also increased the time spent on
task. These results are in line with previous meta-analyses depicting the
negative effects of irrelevant information on comprehension. This is also
in accordance with the seductive detail principle and the coherence
principle, which state that extraneous material should be excluded from
multimedia documents (Mayer & Fiorella, 2021; Rey, 2014;
Sundararajan & Adesope, 2020; see also Bender et al., 2021a).

Furthermore, contrary to our expectations and previous research,
seductive details did not heighten children's situational interest
(e.g., Wang & Adesope, 2016). However, the data on situational inter-
est revealed that all the students were greatly motivated by the
paper-folding task (around 75% of children positioned themselves at
point 4 or 5 on the 5-point Likert scale).

In addition, a marginal effect was observed regarding the cogni-
tive load induced by the task: children in the seductive-details groups

tended to perceived the task as inducing more cognitive load when
seductive details were present in the pedagogical material. This result
emphasizes the negative effects of seductive details on children's
learning experience.

Contrary to our expectations, no positive effects on the part of
animations were found, even though the material concerned a
dynamic procedure. The fact that animated illustrations did not influ-
ence student performance contradicts previous findings (e.g., Castro-
Alonso et al., 2019; Ploetzner et al., 2020). The absence of positive
effects on the part of animation could stem from the relative easiness
of the task. This paper-folding task was composed of only eight easy
steps, as it was conducted with 5-6-year-old children), and around
80% of them successfully performed the task, indicating a ceiling
effect. As shown by previous researchers, the positive effects of ani-
mations are mainly observed when the dynamic task is challenging
(Lowe et al., 2022). In the present situation, the task may have been
too easy to benefit from an animated presentation of the procedure
as compared to a static presentation.

The study has also certain limitations. First, children in the
animated-illustrations groups had the material presented on a tablet
computer, while the static-illustration groups viewed the illustrations
on paper. Handling a booklet is different from manipulating a numeri-
cal tool such as a tablet and students can be more or less at ease with
the use of this type of technology. Moreover, the use of tablet com-
puters may have influenced children's studying experience and cogni-
tive load, as well as their perceived situational interest in the task.
Furthermore, it may have also influenced the time spent on task and
their involvement in completing the origami. However, recent studies
have shown that the medium used (paper vs. tablet) does not influ-
ence text comprehension for children with high reading comprehen-
sion skills (Delgado & Salmerén, 2022; Salmerdn et al., 2021). Second,
the printed design paper used in both conditions “with seductive
details” was dark/gloomy as the background of the printed design
paper was a deep grey (see Figure 1). It is possible that such a colour
tended to blur the folding lines intended to help in the construction of
the origami in both “with seductive details” conditions. Thirdly, three
drawings of animals appeared in the animated-illustrations-with-
seductive-details group, which did not appear in the static illustrations
group with seductive details. Finally, the origami used was composed
of only eight easy steps. This choice was made because of the

children's age.
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3 | EXPERIMENT 2

In Experiment 2, all these potential biases were overcome by
(i) choosing a lighter and brighter printed design paper, (i) removing
the drawing of animals appearing in the animated-illustrations group
with seductive details, and (i) using tablet computers in all the four
study groups. In addition, we chose to pursue this study with older
children (second and third grade), but they were still in their naturalis-
tic classroom environments.

The hypotheses were the same as those formulated in

Experiment 1.

3.1 | Method

3.1.1 | Participants and design

As in experiment 1, based on a small to medium effect size for a two-
way ANOVA analysis, that is two between subjects factors corre-
sponding to the two factors of this experiment (i.e., Presence or
Absence of seductive details and Format, Static vs. Animated) we per-
formed two power analyses: (1) The compromise power analysis (com-
pute implied « and power, -given f/a ratio, sample size and effect
size) conducted with G*power 3.1 (Faul et al., 2007) showed for an
effect size f of 0.25, a B/a ratio of 1 and a power (1 — g err.prob.)
reaching 0.80 of a sample of 72 participants; (2) A sensitivity power
analysis was performed with G*Power 3.1 (Faul et al., 2007) to esti-
mate the minimum effect size detectable for a factorial ANOVA with
the four groups (n = 15-19). This analysis indicated that for a power
(1 — B err.prob.) of 0.90, a medium effect size f of 0.38 would be
detectable with the current sample size.

Forty-eight second graders and 24 third graders (Mage = 8.01 -
years old, SD = 0.55, 37 girls and 35 boys) from four classrooms took
part in this study. The overall sample was composed of 72 children.
As in Experiment 1, all the children engaged in a paper-folding task to
reproduce an origami. This time, the origami represented an ice
cream.

Like Experiment 1, this experiment followed a 2 x 2 design in
which the type of illustrations (static vs. animated) and seductive
details (with or without) were between-subject factors. This resulted
in four experimental groups to which the children were randomly
assigned: static illustrations without seductive details (n = 19), static
illustrations with seductive details (n = 19), animated illustrations
without seductive details (n = 19), and animated illustrations with

seductive details (n = 15; see Figure 2).

3.1.2 | Material

In both animated-illustration groups, the children saw a video of the
creation of the origami on a tablet computer. Each child in
the animated-illustration groups had an individual tablet computer on
which to watch the video and had the chance to pause and navigate
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freely through the video. In the static-illustrations groups, the children
saw static illustrations on a tablet computer. The document they saw
on the tablet was composed of 14 pages, with each page containing
one image (i.e., screenshots of the video). The 14 images depicted the
14 actions the children had to perform in order to reproduce the ori-
gami. These actions were described by using blue arrows in the pic-
tures (see Figure 2). The paper-folding actions in the provided
document were either performed with a blank sheet of paper (without
seductive details) or with a printed design paper composed of various
drawings (with seductive details; see Figure 2). In the animated
groups, the video lasted 3 min 44 s without seductive details and
3 min 41 s with seductive details. All the children were provided with
a blank sheet of paper to reproduce the origami while watching the

video or studying the various illustrations they were provided with.

3.1.3 | Measures

The measures collected were the same as those in Experiment 1: cog-
nitive load, situational interest, children's achievement, and time spent
on task. In Experiment 2, children had to follow 14 steps, instead of

the eight in Experiment 1, to complete the ice cream origami.

3.14 | Procedure

The procedure was identical to that used in Experiment 1, except that
the time limit in which to construct the origami was set to 20 min,
instead of the 10 min allotted to construct a cat's head in

Experiment 1.

3.1.5 | Dataanalysis
The same data analysis procedures used in Experiment 1 were used to
analyse the collected data of Experiment 2.

3.2 | Results

The MANOVA revealed a significant main effect for the type of illus-
trations Wilk's Lambda = 0.682, p < 0.001, but no significant main
effect of seductive details, Wilk's Lambda = 0.914, p = 0.202. There
was also no significant interaction effect, Wilk's Lambda = 0.938,
p = 0.373.

3.21 | Children's achievement

The children's achievement was calculated by counting the number of
steps they correctly performed to construct the origami. The analysis
revealed no significant main effect for seductive details, F(1, 68)
=0.180, p=0.672, n?>=0.002 (contradicting H1b). However, a
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FIGURE 2 lllustrations of the
four study conditions in
Experiment 2: static illustrations
without seductive details (top
left), static illustrations with
seductive details (top right),
animated illustrations without
seductive details (bottom left),
and animated illustrations with
seductive details (bottom right).

significant main effect for the type of illustrations was observed on
children's achievement, F(1, 68) = 12.141, p < 0.001, n2 = 0.149.
Also, contrary to Hic, the interaction between the type of illustrations
and the presence of seductive details was not significant, F(1, 68)
=1.097, p = 0.299, n2 = 0.013. Following H1a, the results showed
that children in the animated-illustrations groups, with or without
seductive details, outperformed those in the static-illustrations
groups, with or without seductive details. However, it is interesting to
note, based on Table 2, that viewing static illustrations tended to
more strongly impair performance when seductive details were pre-
sent (59.8%) than when seductive details were absent (70.7%), but
this difference-observed based on a planned comparison between
these two groups-was not significant, t(68) = 1.075, p = 0.286,
Cohen's d = 0.35. Furthermore, a planned comparison also showed
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that the difference between the animated and static formats, in the

absence of seductive details, failed to be significant t(68) = 1.780,
p = 0.080, Cohen's d = 0.58, whereas in the presence of seductive
details, the difference between the animated and static formats was
significant and in favour of the animated format, t(68) = 3.109,
p = 0.003, Cohen's d = 1.07.

3.2.2 | Time spent on task

Similar to the results obtained regarding children's achievement in the
paper-folding task, analyses revealed a significant main effect for
the type of illustrations on time spent on task, F(1, 68) = 27.732,
p < 0.001, n? = 0.286. In accordance with H2a, the results revealed

851807 SUOLIIOD BAIea1D) 3|ced!dde 8y} Aq peusenob e ssjole O ‘88N 4O Sa|nJ 10} Afeiq|T8UIUO AB]IA UO (SUORIPUD-PUR-SWLBHLIOD A8 |IM"Ale1d 1 [BUI|UO//SANL) SUORIPUOD PUe WS | 8U} 89S *[£202/0T/02] Uo Afeiqi8ul|uo A3]iM ‘8oueld aueiyooD Aq 6/82T  OI/TTTT 0T/I0p/w00 A3 im Akeiqjuljuoy/sdny wiouy papeojumod ‘0 ‘62.2S9ET



© | WiLEYournal of Computer Assisted Learning

COLLIOT and BOUCHEIX

TABLE 2 Mean percentages (and standard deviations) for outcome variables by group for Experiment 2.

Without seductive details

With seductive details

Static illustrations

(n=19)
% of steps correctly achieved 70.7 (33.4)
Time spent on task (min.) 14.1 (4.87)
Situational interest / 5 4.68 (0.48)
Cognitive load / 5 2.63 (1.50)

Animated illustrations

(n=19)

88.7 (27.9)
8.44 (3.44)
4.68 (0.67)
2.42(1.17)

Static illustrations
(n=19)

59.8 (41.2)
14.5 (4.98)
4.26 (1.19)
3.05(1.31)

Animated illustrations
(n = 15)

93.3(11.3)
9.83(2.31)
4.13(1.19)
2.13(1.46)

Cognitive load

b=-0.548, p =.082

Formats

b=-1.352, p<.001

FIGURE 3 Mediation analysis
results testing if the cognitive
load functions as a mediator of
the animated effect in
Experiment 2.

Children’s achievement

(Static vs. Animated)
b =2.833, p=.003

(number of steps correctly
performed)

Total direct effect of Formats on Children’s achievement: b = 3.574, p < .001
Indirect effect (formats = cognitive load = children’s achievement): b=.741, p = .112

that children viewing animated illustrations spent a lower amount of
time on task as compared to those viewing static illustrations
(9.05 min vs. 14.3 min, on average, respectively). No significant main
effect for seductive details was observed, F(1, 68) = 0.835, p = 0.364,
n? = 0.009 (infirming H2b). The ANOVA also indicated that there was
no significant interaction effect between the two independent vari-
ables on time spent on task, F(1, 68) = 0.262, p = 0.611, n? = 0.003
(contradicting H2c).

3.2.3 | Situational interest

The ANOVA showed a significant main effect for seductive details, F
(1, 68) = 4.964, p = 0.029, n? = 0.068, but no significant main effect
for the type of illustration, F(1, 68) = 0.089, p = 0.767, n?> = 0.001. In
addition, the interaction between the type of illustrations and the
presence of seductive details was not significant, F(1, 68) = 0.089,
p=0.767, n?> =0.001. The results revealed that viewing printed
design paper (static or animated) decreased students' interest in the
task (M = 4.68 in both groups without seductive details vs. M = 4.21

in both groups with seductive details), which contradicts H3a.

3.24 | Cognitive load

The ANOVA revealed no main effect for the type of illustration chil-
dren were provided with (static vs. animated) on their ratings of the
cognitive load induced by the task, F(1, 68)= 3.074, p = 0.084,
n2 = 0.043 (H4). Moreover, no significant main effect for seductive
details or interaction effect was obtained (F(1, 68)= 0.043,
p = 0.837, n*> = 0.001, and F(1, 68) = 1.210, p = 0.275, n* = 0.017,

respectively). However, a univariate comparison between the ani-
mated and static presentation conditions in the presence of seductive
details revealed a marginal effect that was almost significant, t(68)
= 1.957, p = 0.054, Cohen's d = 0.68. This trend showed that, in the
presence of seductive details, cognitive load was higher when the pre-
sentation was static.

As a complementary analysis, we performed a mediation analysis
to see if the cognitive load functions as a mediator of the animated
effect. Results revealed a direct effect of the Format used (static
vs. animated) on children's performance (b = 2.833, p = 0.003) with
no indirect effect when adding cognitive load as a mediator
(b =0.741, p =0.112). Cognitive load as an effect on children's
achievement: the more children perceived a high amount of cognitive
load, the smaller number of steps they correctly achieved in the task
(r=—0.46, p < 0.001). Figure 3 below shows the mediation model

obtained following this analysis.

3.3 | Discussion of experiment 2

The results obtained in the second study were different from those of
the first study. They revealed a positive effect for animations on chil-
dren's performance: viewing animated illustrations significantly
improved their achievement of the task and reduced the time spent
on it. This is in line with previous research demonstrating the superi-
ority of animations over static illustrations for learning (Berney &
Bétrancourt, 2016; Ploetzner et al., 2020), including learning among
young children. This is also in accordance with the fact that anima-
tions, as compared to their static counterparts, improve learning when
the task is challenging (Lowe et al., 2022). Contrary to the first study
and our expectations, no effects for seductive details on children's
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performance were found. Surprisingly, the results even showed that
seductive details reduced students' situational interest in the task
even if students perceived situational interest was really high in the
four conditions of the study (mean average above 4 out of a 5-point
Likert scale). As all of the students were highly interested in the study,
it was difficult to observe how seductive details really influenced chil-
dren's interest. Moreover, the item used to measure situational inter-
est only assessed students' overall interest in the activity but not their
interest in the pedagogical material used to perform the hand-gesture
task. Precise items asking learners what they thought about the
seductive details should be assessed in future studies to see whether
they found these elements interesting and entertaining. However, we
found two coherent and converging, although not significant, trends:
(i) seductive details tended to impair performance less strongly in the
animated condition than in the static condition, and (ii) in the presence
of seductive details, cognitive load seemed higher when the presenta-

tion was static than when it was dynamic.

4 | GENERAL DISCUSSION

In two experimental studies, the effects of illustration format (ani-
mated vs. static) combined with the presence or absence of seductive
details in learning a hand-gesture procedure (origami) were investi-
gated among young children in a naturalistic environment. We aimed
to extend the current knowledge about the effects of illustration for-
mat (static vs. animated) on learning with younger children, as most
previous studies have been conducted with university students. We
also investigated how the presence of seductive details in the relevant
area of a learning document influences learning when combined with
various illustration types (animations or static illustrations). Children
were asked to reproduce an origami while viewing one of four presen-
tation formats for the paper-folding task: static illustrations without
seductive details, static illustrations with seductive details (i.e., printed
design paper), animated illustrations without seductive details, and
animated illustrations with seductive details. Based on previous
research, we expected positive effects for animation and negative
effects for seductive details on children's performance (Boucheix &
Forestier, 2017; Sundararajan & Adesope, 2020).

In the first experiment, conducted with children aged 5-6 years old
and an eight-step origami task, a significant negative effect for seductive
detail was found with very young children. This is in line with previous
research, which has mainly been conducted with older participants, includ-
ing adults. In contrast to the previous findings (Berney &
Bétrancourt, 2016; Boucheix & Forestier, 2017; Lowe et al., 2022;
Ploetzner et al., 2020), performance levels remained similar in the two pre-
sentation formats (static vs. animated). However, the results of this first
experiment should be considered with caution because (i) a ceiling effect
was observed (all performances reached 70% or more) due to the easiness
of the task, which could have reduced the influence of the manipulated fac-
tors; (i) there were sample size limitations (n = 12-13 for some groups);
and (jii) there were also methodological issues related to discrepancies in

the design of the information presentation between the four conditions.
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In Experiment 2, we endeavoured to overcome these limitations
by using a more complex and challenging origami task with older chil-
dren (M = 8.01 years old), increasing the sample size, and equalizing
the design of the information presentation across the conditions,
except for the tested factors (format and seductive details), that is,
with all other things being equal. The results were different from but
coherent with those of the first study. Learning performance levels
were higher in the dynamic presentation format than in the static
counterpart, whereas there was no influence on the part of seductive
details. We propose the involvement of two types of cognitive mech-
anisms as hypotheses to explain the results of Experiments 1 and 2, as
well as their coherence despite the differences in the results.

The children in the first experiment were much younger (5.6) than
those in the second experiment (8.01). It may be that older children
were disturbed by the presence of seductive details when viewing the
document (thus the negative effects on their interest) but managed to
inhibit this information. Indeed, seductive details could be disturbing
or not depending on students' ability to control their attention and
inhibit irrelevant information. As children's control and inhibition abili-
ties develops with age, it may be that the younger children from the
first study had more difficulty inhibiting irrelevant information as com-
pared to the older children who participated in the second study. This
is in line with the Wang and Adesope's (Wang & Adesope, 2016,
p. 75) conclusion that, “Given cognitive maturation and increased
learning experience, it is possible that college students might be better
able to differentiate the irrelevant information from the main content
and thus would be less distracted by seductive details.” Also, follow-
ing Eitel et al. (2020), we could hypothesize that the older children
exerted more control of their cognitive processing and self-managed
the cognitive load induced by the learning situation better, this would
also explain why cognitive load was not a significant mediator of the
format used on children's performance. In sum, regarding the implica-
tion of our results for cognitive theory of seductive details, our results
are consistent with the coherence principle of the CTML (see, Fior-
ella & Mayer, 2021, pp. 187-189). Furthermore, to some extent, the
processing of seductive details while learning from a multimedia docu-
ment could be compared to the processing mechanism involved in a
series of research about the effect of interruption during reading and
comprehension tasks. Such interruptions usually require leaving the
current reading task to process information that is not coherent with
what was previously read and then coming back to the main text. The
research in this field shows that for teenagers, as well as for adults,
interruptions have no significant effect on comprehension of the main
textual information (see Chevet, Baccino, Marlot, et al., 2022 and
Chevet, Baccino, Vinter, et al., 2022).

However, a closer look at the results of Experiment 2 indicated
that a more negative influence on the part of the presence of seduc-
tive details appeared for learners in the static format presentation as
compared to learners in the animated presentation format. Why was
this true? One potential explanation is related to learners' attention
dynamics when processing animated information, especially human
movements and hand motions. Dynamic information and movement
more strongly attract the attention of human beings than static
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information and even seductive details (Wolfe & Horowitz, 2004). In
the animated presentation, learners' attention could have been pri-
marily focused on the movements of the paper folding, as well as the
movements of the hands, which are not only perceptually salient but
also relevant to learning an origami procedure. In this case, there is a
good alignment between perceptual salience and thematic relevance
(Lowe et al., 2022; Lowe & Boucheix, 2016). In consequence, less
attention is paid to seductive details because the movement wins the
competition with the other presented information. In the static for-
mat, there are no contrasting movements, and the dynamics must be
inferred from static representations of the steps of the procedure. In
consequence, seductive details may become more salient than the
steps of the procedure. This suggested explanation fits perfectly with
the models and theory about animation processing in multimedia doc-
uments. Firstly, the meta-analyses evoked above indicate that anima-
tions are superior to static presentation for procedural learning
(Berney & Bétrancourt, 2016; Castro-Alonso et al., 2019; Hoffler &
Leutner, 2007; Ploetzner et al., 2020), especially for human hand
manipulation. Secondly, the models (see e.g., Lowe & Boucheix, 2008,
2016) propose that dynamic information salience and transience
effects attract human attention, and more than their static counter-
parts. Further, according to the “attentional theory of cinematic conti-
nuity”—AToCC, Smith, 2012; Smith et al, 2012), the temporal
continuity of videos may help maintain attentional focus on task rele-
vant information and then improve the memorization of continuous
events display, especially hand procedures, whereas, series of static
pictures could break, or disturb, attention continuity. Consequently, in
the latter case, seductive details are more likely to attract the learner's
attention and then disrupt learning.

In the two present experiments we chose illustrations that were
irrelevant for the achievement of the learning goal which meets the
definition of seductive details (Rey, 2012). Moreover, we followed
the experimental design of previous studies which used irrelevant
images to investigate the effects of seductive pictures (e.g., Harp &
Mayer, 1998; Magner et al., 2014; Rey, 2011, 2014; Sanchez &
Wiley, 2006). Just as in Magner et al.'s study (Magner et al., 2014) the
illustrations we chose here only had a decorative function and could
induced unnecessary processing demands. However, we cannot be
certain that children found the seductive details used in study 1 and
2 interesting. Therefore, a manipulation check should be done to
make sure that seductive details were considered interesting by

learners.

5 | CONCLUSION

Given the results, future studies should measure children's inhibition
abilities, as this could influence the impact seductive details have on
children's performance and check if the illustrations actually triggered
learners' situational interest. More specifically, future research should
investigate whether the negative effects of seductive details appear
only when children's inhibition abilities are low. Combining inhibition

ability measures with eye-tracking outcomes could also be a relevant

COLLIOT and BOUCHEIX

way to pursue this study, as one could hypothesize that students' inhi-
bition abilities influence the way they process information. Eye-
tracking measures could also reveal how learners process seductive
details: do they grab their attention? If so, how much time? and so
on. Moreover, measuring the different aspects of cognitive load
(i.e., intrinsic, extraneous, and germane) based on recent developed
instruments such as the Cognitive Load Questionnaire developed by
Klepsch et al. (2017) could provide more insight of the effects of
seductive details and animations illustrations on students' information
processing. In the present experiment, we did not distinguish between
the different kinds of cognitive load. Doing so could have revealed a
mediation effect of one specific type of cognitive load on children's
learning performance. One could expect the intrinsic cognitive load to
be higher in the static illustrations conditions as children need to infer
the dynamics of the procedure and to negatively influence students'
learning. The subjective rating item used in the present study may
have not been reliable especially with young children. Measuring pre-
cisely and objectively the intrinsic cognitive load induced by the illus-
trations format (static vs. animated) by using pupil dilation for
example could reveal a mediation effect of cognitive load on children's
achievement. Finally, children's performance should be assessed
immediately after they view the learning document, as well as several
weeks later. Indeed, additional research projects should investigate
the effects of presentation formats on long-term learning with
delayed tests to determine whether the results observed persist

over time.
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