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Pink A, Newton PM. Decorative animations impair recall and are
a source of extraneous cognitive load. Adv Physiol Educ 44: 376-382,
2020; doi:10.1152/advan.00102.2019.—Working memory is critical
for learning but has a limited capacity for processing new information
in real time. Cognitive load theory is an evidence-based approach to
education that seeks to minimize the extraneous (unnecessary) load on
working memory to avoid overloading it. The “seductive details
effect” postulates that extraneous load can come from instructional
design materials that attract interest but are unrelated to, and impair,
learning. Presentation packages, such as Microsoft PowerPoint, have
built-in decorative animated “GIFs” that are designed to make pre-
sentations more visually appealing. The aim of the study was to
investigate the effect of such “decorative” animations on learning and
working memory performance. We found that students were less able
to recall content presented in the presence of a decorative but relevant
animation compared with a still image. This effect was found with two
different topics (human physiology and enzyme kinetics). Compared
with still images, students also found it harder to remember anima-
tions themselves, and the self-reported mental workload required to
remember them was higher. These results show that decorative ani-
mations are seductive details and are thus a source of extraneous
cognitive load.

cognitive load theory; extraneous load; learning; seductive details;
working memory

INTRODUCTION

A three-stage model of human learning and memory, first
described by Atkinson and Shiffrin (1) in 1968, proposes that
information to be learned has to pass through three forms of
memory: sensory memory (or sensory processing), working
memory, and then long-term memory, where learned material
is stored and from which it can be recalled. New information is
added to existing ‘“schema,” which are simply defined as
preexisting networks of learned information about a particular
concept. Human working memory has a very limited capacity,
often presented as “seven, give or take two” (25) and the
information contained within it fades very quickly, within
seconds, unless it is rehearsed or learned (2, 9). However, the
processing of new information by working memory is essential
for it to pass into long-term memory (8). Thus working mem-
ory is a “bottleneck” for learning (46).

Cognitive load theory (CLT) is an approach to learning and
education that prioritizes strategies to account for this bottle-
neck. Applying CLT allows the most important information to
be processed by working memory, in the most efficient way
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(39, 46). The theory posits three types of “load” that are placed
on working memory. Intrinsic load is the difficulty associated
with the material or task to be learned. Multiplying 1,074.7 X
68.961 has a higher intrinsic load than multiplying 2 X 3.
Intrinsic load is basically fixed; educators or students can do
little to alter it apart from breaking down learning into smaller
blocks that represent less intrinsic load. Germane load is the
amount of load, or mental effort, being dedicated to the desired
learning. In a class of learners, a student who is completely
focused and attentive on the class material has a higher ger-
mane load than a student who is daydreaming about what to
watch on TV. An educator’s goal is to maximize germane load,
although much of this come from the students themselves.
Extraneous load is load that is not related to the desired
learning. Simple examples of extraneous load are normally in
the form of distractions. In a traditional university lecture,
these might be people arriving late and packing away early,
somebody typing loudly or a phone ringing. Although these are
fairly trivial distractors, they occupy some of the limited space
in working memory and so reduce capacity for learning. In
addition, learners may have little control over whether or not
they become distracted by these sources of extraneous load.
However, a significant amount of extraneous load can also
come from instructional design (18, 38, 46), and so an educator
can improve the learning of their students by reducing these
sources of extraneous load. In addition to extraneous load, it is
also important for educators to consider working memory
overload. Once working memory capacity is exceeded, addi-
tional new information simply “bounces off” and is not pro-
cessed (22).

Human learning is structured to try to account for some of
these limitations. For example by “chunking” related pieces of
learning together into a single “chunk,” the information takes
up fewer of the approximately seven “slots” available in
working memory than each element would individually. How-
ever, chunking is dependent on the availability of previously
learned material in long-term memory (4). A simple way of
illustrating how chunking works is to think of how learning
“times tables” affects basic arithmetic. When asked to solve
12 X 12, most people can instantly answer “144” because this
calculation has been stored as one chunk of information in
long-term memory. This arises from having learned the 12
times tables at a point in the past. In contrast, most people do
not learn a 17-times table, so when they are asked to solve
17 X 17, they break it down into chunks that look like the
chunks we have learned and are in our long-term memory, e.g.,
7 times tables, 10 times table. We then use and hold those
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chunks in working memory to solve 17 X 17. Thus we might
break 17 X 17 into 10 X 17 = 170 (first chunk), 7 X 10 = 70
(second), and 7 X 7 = 49 (third). We then need to hold those
three while we assemble them into 170 + 70 (fourth) and then
240 + 49 (fifth). Chunking is one explanation for the means by
which we appear to be able to process significant volumes of
complex material (such as learning human physiology) in real
time; the processing of this material requires us to retrieve our
existing knowledge from long-term memory. When all of the
material is completely new and is not represented in long-term
memory, then processing is considerably slower.

Lecture presentations, enabled by software such as Mi-
crosoft PowerPoint, are still a very common teaching method
used in higher education, despite repeated calls for more
interactive approaches based on the principles of active learn-
ing (e.g., Ref. 14). Many studies have examined the effects of
integrating video and animation into lecture and multimedia
presentations, and their effects on student recall, learning,
satisfaction, and engagement. Multiples studies show that stu-
dents believe that video and animations are engaging, as well
as being good for illustrating difficult concepts (5, 12, 36).
Mayer and Moreno (22) showed that learning was improved by
the use of educational animations in association with tasks that
were specifically linked with the retention of that information.
Other studies have indicated that animations are more effective
in teaching than still images, especially in the case of teaching
dynamic events (12, 30, 42). For example, Williams and
Abraham (44) looked at the use of animations to represent a
complex chemical pathway. One group of participants saw the
animation with audio explaining the pathway, and a control
group only heard an audio description. Participants who saw
the animation subsequently performed better in a test based on
that information than those who had just listened to the audio
(44). McClean et al. (23) carried out a similar study. A small
group of students were shown an animated three-dimensional
protein structure that was used to help explain some informa-
tion. The structure was moving on a loop like an animated GIF
(graphics interchange format), and a second group of students
were given the information lacking the animation. Again the
students who had viewed the animation were better able to
successfully recall information and answer questions (23).
Thus an enthusiastic educator seeking to utilize evidence-based
approaches to instructional design might reasonably conclude
that animations are a useful component of learning materials.

However, other studies have suggested that the use of
animations leads to no academic advantage or may in fact
impair learning compared with still images (6, 7, 17, 45).
Mayer and coworkers (21) developed the “static media hypoth-
esis” after they showed that paper-based static illustrations
supported learning more effectively than computer-based ani-
mations. Tabbers et al. (40) found there to be no difference
between using animations, sound, still images, and text to
depict a key idea. They suggested the only advantageous mode
of information presentation was to accompany a matching
image with sound that was directly related to the main learning
objectives (40). They refer to the visual images as a “cue” (for
other studies and reviews see Refs. 26-28). A common factor
in the above studies is that animations may enhance learning
when students are directed to explicitly pay attention to them,
and the design and integration of the animation is deliberate
and considered for that purpose. However, the mechanisms by

which some animations might impair learning have not re-
ceived as much attention.

Part of the apparent discrepancy between these sets of
studies, showing that animations can both impair and enhance
learning, may be explained by the “seductive details effect,” a
phrase first coined by Harp and Mayer in 1998 (14a). In
summary, the evidence shows that interesting but irrelevant
details impair learning. This has been studied mostly for text
and still illustrations, but there is limited literature on anima-
tions (31). The more “interesting” the irrelevant details are, the
more they impair learning (20). Unsurprisingly, these “seduc-
tive details” have been shown, using eye-tracking experiments,
to draw attention to themselves and away from material to be
learned (32), and the effect is moderated by how relevant the
seductive details are to the learned material and the emotional
valence of the seductive details (35).

The seductive details effect has been extensively studied,
and many authors posit a link between seductive details and
extraneous cognitive load, or cognitive overload. However,
this link has not been extensively studied. Indeed, a 2020
meta-analysis of the seductive details effect stated, “This
cognitive overload assumption is one of several hypotheses
posited for the occurrence of the seductive details effect” (37).
Two studies have demonstrated that the seductive details effect
is moderated by total cognitive load, with seductive details
impairing learning more under high load conditions compared
with low, but not under low (15, 29). Another study found that
participants using a multimedia resource to learn about cogni-
tive load in Chinese experienced a seductive details effect
when irrelevant images were added to the resources, and that
the participants reported higher cognitive load in the seductive
details condition (43). Another study demonstrated that exper-
imental participants with lower working memory capacity were
more likely to attend to seductive details (33). However, two
meta analyses have been conducted on the seductive details
effect, and neither has analyzed cognitive load as a moderator
(31, 37), presumably due to a lack of data.

Animations are now built into most software presentation
packages, such as Microsoft PowerPoint, and educators can
select from libraries of thousands. Advice is often given to
include animations to simply make presentations more “engag-
ing” or “visually appealing” (e.g., see Ref. 28). This inclination
may be enhanced by the ubiquity of animated images, partic-
ularly “.gif” files, as means to attract attention in social media
environments. A study of social media sites found that ani-
mated GIFs are more “engaging” than other forms of media
(3). However, there has been limited research to date on the
potential for animations to act as seductive details. Using
images specially created using Adobe Photoshop, Tsai and
coworkers (41) tested the impact of still versus dynamic
illustrations (animations) on the learning of infant mile-
stones. They used a task with low cognitive load and did not
find a seductive details effect with either still or dynamic
illustrations (41).

In our study, using a basic Microsoft PowerPoint presen-
tation, we tested whether the addition of built-in decorative
animations resulted in a seductive details effect on learning.
We found that decorative animations impaired recall of
STEM (science, technology, engineering, and mathematics)
content. Decorative animations were associated with higher
mental workload and were themselves harder to remember,
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suggesting that they are a source of extraneous cognitive
load. We conclude that animations should only be used
when they are the focus of learning activities, and not
simply to visually enhance learning materials or to prompt
engagement.

MATERIALS AND METHODS

This study sought to determine whether animations that are rele-
vant, but decorative, have any impact on recall of STEM content
presented in lecture slides. We tested three hypotheses:

e Decorative animations will impair recall compared with still images

e Animations occupy more working memory resource than still
images

e Decorative animations are a source of extraneous cognitive load.

This study was carried out on first-year undergraduate STEM
students. Ethical approval was obtained from the Swansea University
Medical School Ethics Committee (ref. no. 2018—0061). The final
experimental protocol was developed following a pilot study.

Studies took place before class using content that was relevant to
the class and formulated in conjunction with class coordinators.
Students were briefed about the study without explicitly telling them
the aims. This briefing included telling them that it was an investiga-
tion into different teaching methods and that, although they will not be
explicitly tested on the content again, it should help give them a
deeper understanding of their topic of study. Participation was vol-
untary. Participants were told that submitting their answer sheet at the
end of the experimental study meant they were giving consent to their
data being used. They could withdraw or not participate at any point
up to the submission of their sheet. Participants were asked not copy
each other to avoid skewed data. All data were anonymous.

Experiment 1 (n = 96) was a presentation composed of two parts,
sections A and B. Section A was based on the format of a traditional
PowerPoint presentation. We did not utilize a presenter (lecturer) for
a number of reasons. First, the animations are visual information, and
we wished to isolate their effect on the processing of other visual
information without the confound of auditory information or addi-
tional visual cues provided by a human presenter. Also, there are no
standardized lecturers; there is considerable variation in style, clarity,
and other aspects of oral presenting. Finally, it is difficult to achieve
meaningful double-blinding when using a human presenter. There-
fore, a silent PowerPoint presentation was played through automati-
cally. Students were asked to read the content and then follow the
instructions given on the slides and the answer sheet.

The instructions for section A informed students that they would
see the following slides for 30 s and that they were to try to memorize
as much information as possible from each slide. Each content slide
would be followed by a “blank” for 5 s, followed by a four-option
multiple-choice question (MCQ), displayed for 20 s, which students

Table 1. The structure and order of the different content
slides in section A

Content Slides Group 1 Group 2 Question No.
A S1 Gl 1
B Gl S1 2
C S2 G2 3
D G2 S2 4
A G3 S3 5
B S3 G3 6
C G4 S4 7
D S4 G4 8

Eight different questions were asked, regarding content (A—D) that has been
presented alongside either a decorative animation (G) or a still (S).

were to try to answer correctly. The structure of this section is shown
in Table 1. In total, there were eight (2 X 4) content slides with either
a still image or decorative animation present, alternating every slide
for four slides and then flipping, so that every content slide was
presented with either a still image or an animation within the session.
Each animation or still was only used once. The students were split
into two groups and run in separate sessions. The scientific content
and order of the slides and MCQs did not change between groups. The
only thing that was different between the groups was whether an
MCQ was presented with an animated image or a still (see Table 1).
Each content slide was used twice, with a different question, but with
either still or animated image and a different question. The still images
and animations were standard formats randomly chosen from the
built-in collection that comes with Microsoft PowerPoint or from
Wikimedia Commons. A representative set of slides is available upon
request.

Section B aimed to identify the student’s ability to recall 10 still
images or 10 animated GIFs and then rate their mental effort on a
commonly used 9-point scale, where 1 is an extremely low mental
effort and 9 is an extremely high mental effort (27). The images were
distinct from those used in section A. Participants entered responses
on a preprinted response sheet. The order of experiments is displayed
in Fig. 1.

Experiment 2 (n = 416) was a repeat of section A of experiment 1
but using different content (human physiology) designed to control for
content-specific effects.

Data analysis. All submitted answer sheets were scored, with a
correct MCQ being given “1” mark and each incorrect noted as “0”.
For section B, participant sheets were given one “1” mark for each of
the 10 animated and 10 still images that they were able to recall. The
data sheets were scored by one researcher (A.P.). A 10% sample was
cross checked by the other researcher (P.M.N.). Where ambiguous or
inexact answers were given, for example one of the images was a
gecko but “lizard” was given, responses were agreed on by A.P. and
P.M.N. Data from returned sheets were then transcribed into a
Microsoft Excel spreadsheet by one researcher (A.P.), and a 10%
sample was cross checked for transcription by the other researcher
(P.M.N.). Data were then imported into GraphPad Prism (San Diego,
CA). All raw data were normally distributed (D’ Agostio and Pearson
test, P > 0.2 in all cases). In accordance with journal requirements
(10), means are reported as =SD, but plotted as =SE, since this better
represents confidence intervals. Means were compared using 7 tests.
Effect sizes were calculated by subtracting the “still performance”
from the “animation performance” and dividing by the pooled stan-
dard deviation.

RESULTS

Our data show that, when content was presented with ani-
mations, student performance on questions was reduced com-
pared with content presented with still images. As shown in
Fig. 2, this was found for both enzyme kinetics and physiology
content areas. When compared by paired ¢ test, the difference
in performance was significant for both content areas (P =
0.0004 for enzyme kinetics, P = 2 X 10~ ° for physiology),
and when both were combined (P = 1.3 X 10 32). The
standardized effect sizes were —0.5 (enzyme kinetics), —0.78
(physiology), and —0.73 (combined).

Question-by-question analysis. To determine whether the
above reduction in question performance was driven by per-
formance on individual questions, we analyzed the effect of
decorative animations on a question-by-question basis and
found that content slides containing animated images were
associated with poorer performance on 14 of the 16 questions
(Table 2).
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Section A - Instruction slide,
explaining how to carry out the
study

Content slide (in the presence of
either a still image or an animated
gif), 30 seconds

Repeat 8 times,
alternating
between
animated gif
and still image

Blank slide, 5 seconds

MCQ based on the content slide, 20
seconds

Section B - instruction slide
explaining the next steps, 30
seconds

Slide containing 10 still images, 10
seconds

Repeat for 10

A FE Blank slide, 5 seconds

Question asking participant to recall
as many out of 10 still images as
possible, 20 seconds

Slide asking participants to rate the
mental effort they felt answering the
previous question took, 15 seconds

End (Section
A and B)

Recall of animated versus still images. As shown in Fig. 3A,
the mean number of still images recalled was 6.52 = 1.313. The
mean number of animated images recalled was 4.40 = 1.638.
This difference was significant according to a paired 7 test (P =
4.9 X 107"). The standardized effect size was —0.82.

Self-perceived mental effort required to recall images. Men-
tal effort was recorded using an established self-report scale of
1-9 (27). The mean effort required to recall the still images
was 4.98 = 1.714. For animated images, it was 5.92 *= 1.753.
According to a paired 7 test, the difference between image type
was significant (P = 9.2 X 10~ 7). The standardized effect size
was 0.52. Results are shown in Fig. 3B.

379

End of
Section A

Fig. 1. Flow chart explaining the ordered
structure of the study. GIF, graphics inter-
change format; MCQ, multiple-choice ques-
tion.

Relationship between mental effort and image recall. If the
higher mental effort required to recall animated images is an
explanatory factor for the poorer recall performance, then there
should be a relationship between these two variables. To test
this, two scores were calculated for each participant. Their
performance on the recall of 10 animated images was sub-
tracted from their recall of 10 still images, to create an overall
performance difference score. The same approach was used to
calculate a mental effort difference score. Using a Spearman
rank correlation test, we found a significant, negative correla-
tion between the two scores [r(90) = —0.3097, P = 0.0027],
indicating that a higher difference between self-reported men-
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A Enzyme Kinetics B Physiology C combined

4 4+ 44
Fig. 2. Performance on multiple-choice question (MCQ) test- 34 3 3
ing content presented alongside animations is lower than per- g — * g — * E —— *
formance on MCQ testing content presented alongside still ;” ‘q‘; ;’
images. Mean performance is shown for two different content ° 24 ° 2 ° 24
areas [enzyme kinetics (A) and physiology (B)] and then the 8 8 ‘3
combined data set (C). *P < 0.05 (see text for exact P values). 1- 1- 14

0 T 0 T 0 T

Still Animate Still  Animate Still  Animate

tal effort when recalling animated versus still images is asso-
ciated with bigger difference in ability to recall animated
versus still images.

DISCUSSION

“Decorative” animations are built into common presentation
programs such as Microsoft PowerPoint. Here we show that
decorative animations cause a “seductive details effect.” They
are a source of extraneous cognitive load and are associated
with an impairment of recall of instructional materials from
slides. Student participants showed impaired recall of content
when it was presented with a decorative animation compared
with a still image. In a separate section, students were also less
able to recall animated images compared with still, and this
was correlated with higher mental effort being required to
recall the animated images. This suggests that the animations
occupy more space in working memory compared with still
images, increasing mental workload. When animations are then
added for decorative purposes, they act as a “seductive detail,”
attracting attention, but ultimately acting as a source of extra-
neous cognitive load and impairing recall and thus learning.
Much of the existing literature on seductive details posits a link
between the negative effects of seductive details and an in-
crease in (extraneous) cognitive load. Here we demonstrate a
link between a seductive details effect and increased extrane-
ous load.

Most of the research on seductive details has been on text or
still images (29, 31, 32), and the current research indicates that
these properties extend to animations. In addition, we extend

Table 2. Question-by-question analysis

Difference Score

MCQ Kinetics Physiology
1 13.05 31.94
2 21.74 17.89
3 21.74 12.83
4 6.52 40.64
5 —6.52 26.45
6 0.00 33.86
7 2.17 11.01
8 6.52 6.58

Animations were associated with impaired learning on 14/16 questions used.
A difference score was calculated by subtracting the percentage of participants
who answered correctly with animated images present from the percentage
who answered correctly with still images present. MCQ, multiple-choice
question.

the range of research on seductive details to include physiol-
ogy. A recent meta-analysis of the seductive details effect by
Sundararajan and Adesope (37) included papers that spanned a
wide range of disciplines, although many papers used the
original materials from Harp and Mayer (14a) which taught
students about lightning. The effect sizes found here were all
larger than the mean effect size found by Sundararajan and
Adesope (—0.33), suggesting that decorative animations may
produce a stronger impairment than other seductive details,
such as text. This will be an interesting avenue for future
research.

There are a number of practical implications for these
findings. Previous studies have looked at the efficacy of using
animated images for the teaching of science in higher educa-
tion. However, these have tended to focus on animations to
which students are specifically supposed to pay attention (e.g.,
Ref. 11), and there has even been a suggestion that such
animations reduce cognitive load by reducing the need for
learners to hold multiple representations of an image in their
working memory (19). One obvious practical implication then
would be for instructional design, and instructional designers,
to avoid the use of animations that are designed purely to
enhance visual appeal and/or engagement.

Tsai et al. (41) do not get a seductive details effect when
using animations, or still images, under low load conditions.
The fact-heavy nature of STEM teaching, along with the

A recall B mental effort
104
8—
8- & *
s — £ 6-
< 6 5
b * = —
Q Q
o = 44
o 47 ‘E
» [}]
24 E 24
0 1 0 I
Still Animate Still Animate

Fig. 3. Recall of animated images is harder than for still images and is
correlated with higher mental effort. A: participants were shown 10 animated
images together for 10 s, then a blank slide for 5 s, and asked to recall as many
of the animated images as possible. The same task was repeated for still
images. B: participants were then asked to rate the mental effort associated
with each task. Participants could recall fewer animated images, and this
required more mental effort, with a significant negative correlation between the
two. *P < 0.05.
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associated esoteric terminology, likely introduces high intrinsic
cognitive load into even introductory courses. Previous re-
search has also identified a stronger effect of seductive details
when evaluated under time-limited conditions (31). We delib-
erately used a time-limited paradigm here to partially repro-
duce a traditional lecture, in which students have little control
over the pace and content of the presentation. This also likely
represents a higher load condition.

There are some limitations to this study. First of all, it is
difficult to objectively measure cognitive load. This is, in part,
because the basic concept is itself a cognitivist construct; there
is no anatomical or biochemical marker of cognitive load. Thus
most studies use self-report measures, such as the NASA-TLX
(National Aeronautics and Space Administration-Task Load
Index) or the 9-point scale developed by Paas et al. (27). There
are other, perhaps more objective, ways to measure the effort
or stress experienced during a learning task. For example, heart
rate has been used as a marker of mental effort (26), although
this would be challenging under the conditions deployed here.

We collected no demographic or other data from individual
participants; to maximize participation we wanted the study to
be brief and nonintrusive, conducted in a normal teaching
environment rather than a laboratory. This means that we are
unable to test for any moderators of the effects that we
observed. Previously identified moderators of the seductive
details effect include extraversion and self-regulation (31), and
these could be an important avenue of future study, although
these would need to be balanced against the practical reality of
large STEM classes. It is unlikely that these classes could be
sorted according to individual demographics, particularly
given the number of other variables that influence achievement
in higher education (34).

We were not able to directly test the mechanism via which
the animated images impaired learning. One obvious implica-
tion from the literature on seductive details, but also from other
fields, including marketing and the psychology of attention, is
that the animations act as a visual cue, drawing attention
toward them and away from the material to be learned (3, 19,
32). This could be directly tested in future work using ap-
proaches such as eye-tracking (13, 24, 41), possibly in combi-
nation with the aforementioned physiological measure of cog-
nitive load (e.g., see Ref. 16).

Finally, there are a number of different variables within this
study, and variance within each of them may have influenced
the findings. For example the experimental design of our study
included the use of four different decorative animations and
four different still images. The key difference between these
groups is that one group is animated and the other still, but the
actual content of both groups of images is necessarily different
as well, although we tried to match the content of the two
image groups as far as possible. Each image was used twice,
for two different subjects. Participants showed greater recall on
14 of the 16 different MCQs when it was testing content that
had been paired with a still image rather than a decorative
animation, and thus the most parsimonious conclusion is that it
is the animation that is impairing recall, rather than differences
with any other variable. This conclusion is supported by the
results of section B and the correlation between performance in
section A and section B.

In summary, decorative animations appear to act as a seduc-
tive detail that impairs learning, even though they may appear

to enhance the visual appeal of slide presentations. We hope
that all STEM educators who read this are given pause for
thought before clicking “insert clipart.”
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