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a b s t r a c t
Several studies have shown that adding seductive details to instructional materials has a detrimental
effect on learning. However, other studies have shown non-signiﬁcant ﬁndings. The present study uses
cognitive load theory as a theoretical framework to explain these controversial results in seductive
details research. Using a 2  2 experimental design we asked a group of high-school students (N = 100)
to learn about biology with a multimedia environment that manipulated the presence of seductive details
(with vs. without) and the modality of the verbal information (high load, on-screen text vs. low load, narration). The ﬁndings showed that students’ learning performance was signiﬁcantly higher when seductive details were presented under the low load condition (narration) as compared to all other
conditions. The theoretical implications for understanding the effects of non-redundant and interesting,
but irrelevant learning material are discussed and future research directions are presented.
Ó 2010 Elsevier Ltd. All rights reserved.

1. Introduction
Until now, research on the effect of seductive details has focused on seductive text passages or seductive illustrations in text
comprehension studies. Several studies have shown the detrimental effect of seductive details (Garner, Gillingham, & White, 1989;
Harp & Maslich, 2005; Harp & Mayer, 1998; Lehman, Schraw,
McCrudden, & Hartley, 2007), whereas others have shown non-signiﬁcant seductive detail effects (Garner & Gillingham, 1991; Hidi &
Baird, 1988; Mayer, Bove, Bryman, Mars, & Tapangco, 1996; Mayer,
Grifﬁth, Jurkowitz, & Rothman, 2008; Schraw, 1998). The present
study uses cognitive load theory (CLT) as a theoretical framework
to explain the conﬂicting results of the seductive detail research
by testing the seductive details effect in a multimedia instructional
environment. Until now, seductive details research only tested the
effect of seductive details on text or listening comprehension separately, by introducing seductive text passages presented as text
(Garner et al., 1989; Lehman et al., 2007), in a lesson presented
by a disc player (Harp & Maslich, 2005), or in a multimedia environment that uses narration (Mayer, Heiser, & Lonn, 2001). However, to our knowledge, the simultaneous manipulation of
seductive details and verbal modality in a multimedia instructional
program has never been examined.
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What happens when the on-screen explanations of an instructional multimedia program that includes seductive details (i.e., a
high load design) are replaced by identical narrated explanations
(i.e., a low load design)? CLT predicts that the seductive details effect will occur under a high cognitive load condition but not under
low cognitive load conditions. The goal of this study was to test
this hypothesis by manipulating the introduction of seductive details in a multimedia instructional program that either includes onscreen text or narrated verbal explanations. We argue that the
ﬁndings of this research bear the potential to explain the controversial results in past seductive details research.

1.1. Theoretical framework and predictions
Cognitive load theory (Paas, Renkl, & Sweller, 2003) assumes
that knowledge acquisition depends on the efﬁciency of the use
of available (limited) cognitive resources. In addition, the extent
of cognitive load is determined by three components. First, intrinsic
cognitive load depends on the number of elements that must be
simultaneously processed in working memory to learn the material that is being taught; the larger the number of elements of
the material that needs to be learned, the higher intrinsic cognitive
load. Second, extraneous cognitive load is caused by the unnecessary
cognitive demands imposed by instructional design. Finally, germane cognitive load is the load that results from engaging in learning activities that foster schema acquisition. Whereas extraneous
sources of load hinder learning, intrinsic sources of load reﬂect
the complexity of the given learning task in relation to the learners’
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level of expertise, and germane sources of load promote learning
by helping students engage in the process of schema formation
and automation. A basic assumption of CLT is that the total cognitive load experienced during learning is additively composed of
these three load types, the so-called additivity hypothesis. If that
total cognitive load is excessive, learning and problem solving will
be inhibited (Sweller, 1993).
According to CLT, when visual representations (e.g., pictures,
diagrams, animations) are combined with simultaneous visual
explanations (i.e., text), they force students to split their visual
attention during learning, therefore producing a detrimental effect
on learning performance (Sweller & Chandler, 1994). The learning
beneﬁts of replacing visual explanations with auditory explanations (i.e., the modality effect), is quite robust (Ginns, 2005; Rummer, Schweppe, Fürstenberg, Seufert, & Brünken, 2010). The
modality effect is determined by the superiority of audiovisual in
contrast to visual-only presentations of verbal and pictorial information in multimedia learning (Brünken & Leutner, 2001; Brünken,
Plass, & Leutner, 2004; Mayer, 2001; Mayer & Moreno, 1998;
Moreno & Mayer, 1999, 2002). This effect is explained by the theoretical argumentation that visual-only material requires splitting
the available limited capacity of the visual part of the working
memory, the visuospatial sketchpad (Baddeley, 1992), therefore
creating a high load learning condition. In contrast, audio–visual
presentations of learning material have the advantage of distributing the processing of visual and verbal information through the visuospatial sketchpad and the phonological loop, respectively
(Baddeley, 1992), therefore creating a low load learning condition
by increasing effective working memory capacity. According to
CLT, the modality effects found in the past suggest that forcing students to split their visual attention between the text and the pictures creates an extraneous source of cognitive load (Sweller,
2005; Sweller, van Merriënboer, & Paas, 1998).
The second extraneous load factor to be examined in the present study is the presence of seductive details. The term ‘‘seductive
details” was ﬁrst introduced by Garner et al. (1989) to refer to the
addition of interesting but irrelevant information to text which reduce the recall or learning of ‘‘non-seductive”, relevant text ideas.
More recently, the seductive detail research has led to the agreedupon deﬁnition that seductive details are instructional materials
that meet the following two necessary conditions: (1) the materials are interesting and (2) the materials provide additional information that is irrelevant to accomplish the learning objectives of
a lesson (Lehman et al., 2007). Several studies have shown that
adding seductive details to instructional materials has a detrimental effect on learning (Garner et al., 1989; Harp & Maslich, 2005;
Harp & Mayer, 1998; Lehman et al., 2007). Furthermore, the likelihood of overestimating the relevance of interesting, but goal-irrelevant details increases when learners have low knowledge in a
domain (Garner, Brown, Sanders, & Menke, 1992).
The goal of the present study is to ﬁnd out how this extraneous
load factor interacts with another extraneous load factor, namely,
the modality of the verbal information. More speciﬁcally, in terms
of CLT, we investigated whether the seductive details effect can be
moderated by another extraneous load factor, which is the modality. To this end, using a 2  2 experimental design we tested this
hypothesis by asking a group of high-school students (N = 100) to
learn about the structure and function of a cellular molecule
responsible for the synthesis of adenosine triphosphate (ATP) with
the help of an instructional program. The program was designed in
multimedia format with 11 screens including pictorial learning
material accompanied by verbal explanations. The experiment
combined the seductive details factor (i.e., with vs. without) with
the modality factor (i.e., high load, on-screen text vs. low load, narration). Learning success and students’ subjective ratings of cognitive load (Paas, 1992) served as dependent variables.

Using identical multimedia materials, two preliminary studies
that independently manipulated the presence of seductive details
and the modality of the verbal information, showed the seductive
details effect under the high load on-screen text condition as well
as the modality effect, respectively. In the ﬁrst preliminary study
(N = 78), students learned better when presented with narration
rather than on-screen text in the learning environment,
F(1, 76) = 2.94, p < .05, g2p = .04 (Seufert, Schütze, & Brünken,
2009). In the second preliminary study (N = 30), students learned
better when the learning environment excluded the seductive details used in the present study, F(1, 29) = 2.92, p < .05, g2p = .10
(Koch, Seufert, & Brünken, 2008b). In addition, we found that learners who learned with seductive details in the self-paced learning
program spent signiﬁcantly more time (M = 13.87 min,
SD = 3.13 min), F(1, 29) = 5.27, p < .05 than those who learned
without seductive details (M = 8.56 min, SD = 2.33 min).
What are the learning and cognitive load effects of combining
these two extraneous load sources? Based on CLT, we hypothesize
that the seductive details effect will only occur under the high load
on-screen text condition, but not under the low load narration condition. Students who learn with seductive details should show signiﬁcantly lower learning success as compared to those who learn
without seductive details under the on-screen text condition but
not under the narration condition. In addition, based on CLT, we
predicted that the highest cognitive load ratings would occur under the high load on-screen text condition with seductive details,
whereas the lowest cognitive load ratings would occur under the
low load narration condition without seductive details.
1.2. Seductive details and cognitive load
The seductive detail construct has not been investigated in cognitive load research yet. Nevertheless, we would like to relate the
deﬁnition of seductive details to that of redundant instructional
materials, which have been the topic of investigation in redundancy effect studies (Chandler & Sweller, 1991; Lee & Kalyuga,
2011; Schmidt-Weigand & Scheiter, 2011; Sweller & Chandler,
1994), and which in our view is related to seductive details in some
respect. For instance, Chandler and Sweller (1996), p. 153 note that
information sources are redundant that contain information, which
is ‘‘not only intelligible in isolation but provides all of the information required”. A diagram illustrating a learning text for example
can be redundant, if it contains all information of the given learning text, being an adequate visualization of complex information.
The crucial point of this idea is the term ‘‘required”, which does
not refer to the information per se but to its relation to the learning
goal. However, music or cartoons accompanying a learning text
usually are intelligible in isolation but do not provide any of the
information required for the learning goal and are therefore seductive, but non-redundant. Therefore, we further classify instructional materials into relevant and irrelevant with respect to the
learning goal. We believe that this sub-classiﬁcation we offer is a
nice contribution to the cognitive load ﬁeld that can generate
new research paradigms. Non-redundant, but relevant additional
materials promote better learning because they are designed to
facilitate or enable cognitive processing that is necessary to
achieve the learning objectives of the lesson. In contrast, nonredundant, but irrelevant additional materials (which are seductive details by deﬁnition), have a detrimental effect on learning
(Garner et al., 1989; Harp & Maslich, 2005; Harp & Mayer, 1998;
Lehman et al., 2007). Although the study of seductive details has
not received attention among cognitive load researchers yet, CLT
clearly argues that information that is not necessary to make a lesson intelligible should be eliminated (Bobis, Sweller, & Cooper,
1993; Chandler & Sweller, 1991). If the irrelevant information is
not eliminated (resulting in poorer instructional design), it will
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increase extraneous cognitive load and decrease learning. Thus,
seductive details impose an extraneous cognitive load during
learning by forcing students to spend their limited resources in
processing materials that are not conducive to learning. As for all
cognitive load effects, this is especially the case, if the given learning task is complex and requires the learners to use their full cognitive resources to successfully process all relevant information. If
a task does not require the learners to use their full cognitive resources, for instance if a task is of low complexity, irrelevant information is not likely to have a negative effect. Moreover, CLT
proposes the introduction of instructional design features that
facilitate effective learning (i.e., impose a germane cognitive load)
to foster learners to use their available limited resources for processing relevant instead of irrelevant information.
2. Method and data sources
2.1. Participants
The participants were 100 high-school students (76% female,
23% male) with an average age of 18.14 years (SD = 1.26). Modality
of the verbal explanation (i.e., high load on-screen text vs. low load
narration) and seductive details (i.e., with vs. without) were varied
in a 2  2 factorial design, leading to four learning conditions:
text–seductive details; text–no seductive details; narration–seductive details; narration–no seductive details. Participants were randomly assigned to one of the four experimental groups and paid for
their participation.
2.2. Materials
The learning environment used in this study consisted of a selfpaced multimedia environment about the structure and function of
a cellular molecule responsible for the synthesis of ATP. It included
11 screens, each one with static pictures and corresponding verbal
explanations. The objective of the learning task was to understand
the complex structure and function of the molecule by integrating
the verbal representations (see Fig. 1, below left) with the corresponding pictorial representations (see Fig. 1, top left). This learning objective was explicitly stated during the introductory portion
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of the program that was common to all treatment conditions. In
contrast, understanding the usefulness of ATP was not part of the
objectives of the learning task, which is the reason why we chose
to show examples of the usefulness of ATP in different areas (e.g.,
sports, work, etc.) to the participants in the seductive detail conditions. Furthermore, we already had empirically established that
presenting these interesting but irrelevant examples hindered students’ learning in one of our preliminary studies (Koch, Seufert, &
Brünken, 2008a) using only the on-screen text version of the
material.
The extraneous load factor of modality was varied by replacing
the visual explanations with identical narrated explanations in the
form of a male voice and participants had the option to replay the
narration. Thus, the self-pacing of the text and the narration were
comparable in the sense that students could reread or replay the
explanations. Indeed, the majority of learners in the narration conditions used the replay function (62% replayed more than once, on
average; only 8% never used the replay function). For both seductive detail conditions, additional text (see Fig. 1, top right) and animated pictures (see Fig. 1, below right) were presented on four of
the 11 screens.
The additional information was rated to be signiﬁcantly more
interesting than the rest of the learning material, t(11) = 12.50,
p < .001, in a previous study (Koch et al., 2008a). In addition, as explained before, our operationalization of seductive details included
additional information that was not relevant to achieve the learning objectives of the lesson. Therefore, our seductive details met
the criteria of interesting but unimportant information (Lehman
et al., 2007; Wade & Adams, 1990). In CLT terms, the seductive details presented on four of the 11 learning screens can be categorized as non-redundant (intelligible in isolation), but irrelevant
and therefore an extraneous cognitive load source for learning
the objectives of the lesson (Chandler & Sweller, 1991; Sweller &
Chandler, 1994).
2.3. Measures
We used three control measures: prior knowledge, measured
with a questionnaire (Cronbachs’ a = 0.70) that included ﬁve multiple-choice (e.g., ‘‘Which main function does ATP have?”) and eight

Fig. 1. A screenshot of the learning environment used in the text–seductive detail condition showing the on-screen text (lower left corner), corresponding picture (top left
corner), and seductive details (additional text and animated pictures on the right side); original version in German, translated by the authors.
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open-ended questions (e.g., ‘‘Do you know the term ‘ATP’? If yes,
then please write down its meaning! (catchwords)”); spatial ability, measured by a standardized paper-folding and card-rotation
test (Ekstrom, French, & Harmann, 1976); and time-on-task, which
was automatically recorded by the computer.
Learning success was assessed with a post-test including one
problem solving task in open-response format (e.g., ‘‘What happens with the sub elements Alpha and Beta during the rotation
of the axis?”), two transfer tasks, and two retention items. One of
the transfer tasks was presented in open-response format and
the other one in a multiple-choice format (e.g., ‘‘Which cells do feature the highest number of mitochondrions?”). The ﬁrst retention
item was also presented in open-response format (e.g., ‘‘Which
task does the F0-Complex of the ATP-Synthase perform?”) and
the second retention item was introduced in matching format, in
which learners needed to identify corresponding verbal and pictorial elements such as those for the composition of the molecule.
These items were not identical to the 13-item prior knowledge test
described above, which was used as a covariate of students’ learning performance test. Total cognitive load was measured by subjective ratings of mental effort (Paas, 1992), in which learners rated
their perceived cognitive load during learning in the middle of
the lesson (after screen 4/11) and immediately after the lesson
was over on a seven-point Likert scale. At each one of these points
in time, learners were asked to subjectively estimate their total
cognitive load by clicking on the rating that best completed the following statement ‘‘While working on the learning material my
mental effort was . . .” with the ratings ranging from ‘‘very low”,
‘‘low”, ‘‘rather low”, ‘‘neither low nor high”, ‘‘rather high”, ‘‘high”
to ‘‘very high”.
2.4. Procedure
The study was conducted in one session lasting about 75 min.
First, students were tested for spatial ability. Then, the self-paced
session started with the 13-item prior knowledge test, which
was followed by the multimedia learning program. Once the
instructional program was over, students completed the learning
performance test.

3. Results and conclusion
Table 1 shows the means and standard deviations of all variables for the four treatment conditions. Despite of the differences
in the descriptive values, no statistical signiﬁcant between-group
differences were detected in any of the three control variables,
prior knowledge, F(3, 99) = 2.27, p > .05, g2p = .07, spatial ability,
F < 1, and time-on-task, F(3, 99) = 2.13, p > .05, g2p = .06. But with
respect to its high inter-individual variance, we used prior knowledge as a covariate in the following analyses of covariance. However, results and conclusions are the same, when running only
ANOVAs.

3.1. Learning success and cognitive load
We conducted separate analyses of covariance (ANCOVAs) with
the covariate prior knowledge using experimental condition as between-subject factor and the learning performance score and cognitive load ratings, respectively, as dependent variables, to test the
learning and total cognitive load effects predicted by the cognitive
load hypothesis that the seductive details effect only occurs under
high load learning conditions, in our case under the on-screen text
condition.
The ﬁrst ANCOVA showed a main effect of modality,
F(1, 99) = 6.27, p < .05, g2p = .06, and no main effect of seductive
details, F(1, 99) = 2.80, p > .05, g2p = .03. However, we found a significant interaction between the two factors, F(1, 99) = 5.47, p < .05,
g2p = .05, and therefore chose to ignore the main effect in favor of
the interpretation of the interaction. Follow-up tests showed that
learners reached the highest learning success under the narration–seductive detail condition (i.e., narration–seductive details
vs. narration–no seductive details: DM = 1.46, p < .01; narration–
seductive details vs. text–seductive details: DM = 1.64, p < .01; narration–seductive details vs. text–no seductive details: DM = 1.48,
p < .01; see Fig. 2).
The second ANCOVA showed a main modality effect,
F(1, 99) = 7.45, p < .05, g2p = .07. Learners gave higher cognitive load
ratings under the narration condition, indicating that the positive
learning effect of the narration versions was accompanied by higher levels of self-reported effort (see Fig. 3). However, we found no
main effect of seductive details (F < 1) and no interaction between
the two factors, F(1, 99) = 1.81 ns.
In sum, the results suggest that seductive details may foster
learning under a low load condition. Adding extraneous load in
the form of seductive details fostered learning under the narration
condition but not under the on-screen text conditions. A possible
interpretation of this ﬁnding is that seductive details may have a
beneﬁcial learning effect only under conditions of low cognitive
load. This interpretation is supported by the higher self-reported
effort of the narration groups. On the other hand, contrary to what
we expected, the on-screen text plus seductive details condition
only underperformed the narration plus seductive details condition and did not show the highest ratings of cognitive load. These
ﬁndings run counter to prior seductive details studies (including
our own preliminary study), in which adding interesting but conceptually irrelevant materials produced a detrimental effect on
students’ learning. The cognitive load rating ﬁndings also run
counter to CLT’s predictions. This group did not produce signiﬁcantly higher cognitive load ratings as compared to the group that
learned with on-screen text and no seductive details.
An explanation for this controversial result can be found when
taking students’ prior knowledge into consideration: Learners in
the preliminary study had signiﬁcantly lower prior knowledge
(15%) than learners in the present study (30%), t(128) = 4.04,
p < .05. Likewise, other prior seductive detail studies are also focused on novice learners (Mayer et al., 2001). Thus, the missing

Table 1
Means and standard deviations of all variables for four conditions.

Spatial ability (%)
Prior knowledge (%)
Time-on-task (min)
Learning success (%)
Total cognitive load (%)

Text–seductive details n = 25

Text–no seductive details n = 25

Narration–seductive details
n = 25

Narration–no seductive details n = 25

M

(SD)

M

(SD)

M

(SD)

M

(SD)

71.22
33.54
10.62
40.57
60.57

16.35
16.26
3.44
22.56
12.56

61.36
29.69
10.04
42.29
55.43

20.08
16.15
3.29
17.97
19.92

70.68
39.23
12.38
63.43
64.00

20.62
22.04
3.82
20.13
17.07

65.32
26.92
12.21
42.57
68.57

22.48
15.50
5.06
24.53
12. 37

Note: M = mean, SD = standard deviation.

Learning Success (z -values)
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1.5

narration

1
0.5
0
-0.5
-1
-1.5
-2

without

with

Seductive Details

Total Cognitive Load (z -values)

Fig. 2. Learning success for four conditions (estimated mean values with covariate
prior knowledge).

1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1

text
narration

without
with
Seductive Details

Fig. 3. Cognitive load ratings for four conditions (estimated mean values with
covariate prior knowledge).

seductive details effect under the high load on-screen text version
in the present study could be due to learners‘ higher prior knowledge, which may diminish the negative effects that result from
imposing an additional source of extraneous load. This explanation, however, has to be investigated in real expertise studies comparing experts with novices of a learning domain with or without
seductive details. An expertise reversal effect of seductive details
could be assumed in the way we can ﬁnd it for many other instructional methods (Kalyuga, 2007; Kalyuga, Ayres, Chandler, & Sweller, 2003; Koch et al., 2008b; Spanjers, Wouters, van Gog, & van
Merriënboer, 2011).
Taken together, these ﬁndings suggest that the cognitive processes of selecting relevant information and organizing this information into a coherent mental model can be affected not only in
a negative way by seductive details, but also in a positive way if
learners have enough resources free to use this non-redundant
and interesting, but irrelevant learning material. Further research
using other instructional materials is needed to conﬁrm this reversal effect of seductive details by examining whether and under
which conditions cognitive load may moderate the seductive details effect. In addition, the pattern in cognitive load ratings did
not show the pattern predicted by CLT. Therefore, other methods
for measuring cognitive load should be used in further research
to get insight into the potential moderating effect of cognitive load
on the seductive details effect. However, the present cognitive load
pattern could be interpreted in the way that learners had enough
free cognitive capacity under the low extraneous load learning
conditions (i.e., narration instead of on-screen text) and, therefore,
invested more cognitive resources in germane activities. Support
for this interpretation was found in a recent study in which learners with high levels of working memory capacity reached higher
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learning performance in a lesson that included background music
(seductive detail) as compared to learners with medium levels of
memory capacity, who learned signiﬁcantly better under the music-free condition (Park, Seufert, & Brünken, 2009). Nevertheless,
this interpretation needs to be conﬁrmed with reliable and valid
measures that differentiate between the three cognitive load types,
which at the present time are not available (Brünken, Plass, &
Moreno, 2010).
Nevertheless, freeing working memory capacity by designing
low load learning environments or having higher levels of working
memory capacity do not necessarily lead to spending the available
resources in productive ways, that is, in germane learning activities
such as the prior knowledge activating strategy ‘perspective taking’
(Wetzels, Kester, & van Merriënboer, 2011). Students need to become motivated to make full use of their cognitive resources during learning (Moreno, 2006). Therefore, the motivational or
arousing role of seductive details should not be dismissed. According to a Cognitive Affective Theory of Learning with Media (Moreno, 2005, 2006, 2007, 2009), affect and motivational factors mediate
learning by increasing or decreasing the amount of cognitive resources that students invest on the learning task at hand. Students
need to be motivated to learn or (in lieu of motivation) use their
self-regulation to allocate sufﬁcient cognitive resources to the task
at hand (Moreno, 2009). Thus, a possible explanation for our ﬁndings is that the seductive details used in our study increased students’ cognitive engagement. The higher investment of cognitive
resources fostered by the interestingness of the additional information combined with the lower cognitive demands imposed by
a mixed modality learning environment led to the optimal use of
students’ limited working memory resources.
Finally, it is noteworthy that our ﬁndings run counter to one of
the main assumptions of CLT, namely, the additivity hypothesis.
The additivity hypothesis predicts the highest levels of total cognitive load and lowest levels of learning performance when multimedia instruction combines written verbal explanations with
seductive details and the lowest levels of total cognitive load and
highest levels of learning performance when multimedia instruction includes auditory verbal explanations and no seductive details. The results of the present study suggest that the combined
effects of extraneous load factors are not necessarily additive, at
least with respect to subjective cognitive load ratings. Future research should extend this study by examining the learning and
cognitive load consequences of asking students of different prior
knowledge levels to learn in conditions where intrinsic, extraneous, and germane sources of load are added.
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