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This study investigated how to teach perceptual tasks, that is, classifying fish locomotion, through eye
movement modeling examples (EMME). EMME consisted of a replay of eye movements of a didactically
behaving domain expert (model), which had been recorded while he executed the task, superimposed
onto the video stimulus. Seventy-five students were randomly assigned to one of three conditions: In
two experimental conditions (EMME) the model’s eye movements were superimposed onto the video
either as a dot or as a spotlight, whereas the control group studied only the videos without the model’s
eye movements. In all conditions, students listened to the expert’s verbal explanations. Results showed
that both types of EMME guided students’ attention during example study. Subsequent to learning,
students performed a classification task for novel test stimuli without any support. EMME improved
visual search and enhanced interpretation of relevant information for those novel stimuli compared to
the control group; these effects were further moderated by the specific display. Thus, EMME during
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training can foster learning and improve performance on novel perceptual stimuli.
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1. Introduction

In many domains such as medicine, navigation and control of
transport, or biology, people examine complex, dynamic, and
information-dense visual material such as CT scans, cockpit
displays, or film recordings of animals. Tasks within these domains
rely heavily on visually searching and interpreting perceptual
information; hence, we refer to them as perceptual tasks (cf. Chi,
2006). An important question for educators in these domains is
how to effectively teach accomplishment of perceptual tasks. A
promising avenue is suggested by studies that show that guiding
people’s attention via the eye movements of a successful model
enhances their performance on the perceptual task for which
guidance was provided (Grant & Spivey, 2003; Litchfield, Ball,
Donovan, Manning, & Crawford, 2010). However, it is crucial to
take this research one step further and investigate whether such
attention guidance cannot just enhance performance on the task at
hand, but can also foster learning, that is, enhance performance on
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future, novel tasks when attention guidance is no longer present.
The present study addresses this question against the backdrop of
instructional design theories that analyze learning from a cognitive
information processing perspective.

1.1. Learning as cognitive processing of perceptual input

Instructional design theories, such as Mayer’s (2005) cognitive
theory of multimedia learning (CTML) and Sweller’s cognitive load
theory (CLT; Sweller, Van Merriénboer, & Paas, 1998) describe how
the human mind handles information from a perceptual input (e.g.,
visual or auditory information) at different stages of processing in
order to construct a long-lasting mental representation of this
input in long-term memory, that is, in order to learn. Both theories
rely on models with a long-standing tradition in cognitive
psychology for describing human information processing, such as
the multi-store model of memory by Atkinson and Shiffrin (1968)
or the working memory (WM) model by Baddeley (e.g., Baddeley,
1992; for a more recent version cf. Baddeley, 2012). According to
the CTML and CLT, attention and working memory are fundamental
during learning, because all information needs to be attended and
processed in working memory before it can be integrated with
prior knowledge and stored in long-term memory. Because
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attentional as well as working memory resources are limited with
regard to the amount of information that can be processed in
parallel (Fougnies & Marois, 2006; Miller, 1956; Peterson &
Peterson, 1959), according to CTML and CLT instruction needs to
be designed in a way that makes optimal use of these limited
processing resources. Accordingly, various instructional design
principles have been postulated that prescribe how instructional
materials should be designed so that learners can select relevant
information from the perceptual input, organize it in working
memory and integrate it with prior knowledge. Only if such an
active processing of the instructional materials can be achieved,
(deeper) learning will occur. We will refer to two of these princi-
ples, namely, (1) the worked examples principle, that advocates the
use of examples for novices’ skill acquisition (e.g., Atkinson, Renkl,
Derry, & Wortham, 2000; Van Gog & Rummel, 2010) and (2) the
cueing or signaling principle, that is, the use of cueing techniques to
highlight relevant information (e.g., De Koning, Tabbers, Rikers, &
Paas, 2009), in a later stage of this paper.

The assumptions made by the CTML and CLT are assumed to
hold true for any kind of task. In the following, we will address the
specifics of learning to accomplish perceptual tasks, which are at
the focus of the present paper, by first describing the processes
necessary for task accomplishment and the way they develop
with experience and then highlighting the characteristics of
highly perceptual tasks that make them particularly difficult to
accomplish.

1.1.1. Active processing in perceptual tasks

In the case of visuo-perceptual tasks, information is selected by
means of visual attention (i.e., the conscious devotion of attention
to visual information required to absorb it and transfer it to
working memory). Visual attention is closely linked to where
a person is looking (Deubel & Schneider, 1996; Just & Carpenter,
1980), which in turn can be captured by means of eye tracking
(Holmgqyvist et al., 2011). Eye tracking research has shown that
experience with a perceptual task influences visual attention, for
instance in static material — -such as artwork — or dynamic
material — such as biological motion or traffic (Huestegge, Skottke,
Anders, Miisseler, & Debus, 2010; Jarodzka, Scheiter, Gerjets, & Van
Gog, 2010; Vogt & Magnussen, 2007). In particular, less experienced
individuals often attend to salient information (i.e., bottom-up or
stimulus-driven attention allocation) that may not necessarily be
relevant for task performance (Jarodzka et al., 2010; Lowe, 1999).
Individuals with higher expertise, on the other hand, know which
information is important for task performance (i.e., top-down or
observer-driven attention allocation), which enables them to effi-
ciently attend to it. It has been repeatedly shown that individuals
with higher expertise focus faster and/or proportionally longer on
relevant information than individuals with lower expertise, while
ignoring potentially salient, but irrelevant information (e.g., Haider
& Frensch, 1999; Huestegge et al., 2010; Jarodzka et al., 2010; Van
Gog, Paas, & Van Merriénboer, 2005). Hence, individuals with
little or no experience in a perceptual task may have difficulties to
select task-relevant information by adequately controlling their
visual attention. This may not be overly problematic with static
stimuli, where it will only take more time to identify the relevant
information; however, it might pose more severe problems with
dynamic stimuli, which often require that information is attended
to at a certain time, since, otherwise, this information will be
missed. Consequently, novices need support in selecting informa-
tion from a complex perceptual input.

Attending to relevant information is necessary, but not sufficient
for successfully performing or learning to perform a perceptual
task, however. This information also needs to be organized and
interpreted, which requires it to be integrated with other

information from the environment and with prior knowledge.
Research has shown that even when less experienced individuals
attend to thematically relevant information, they do not necessarily
know how to interpret it. For instance, Cook, Wiebe, and Carter
(2011) showed that when learning from complex visualizations of
DNA strings, students of diverse expertise levels all attended to the
thematically relevant features. However, less experienced students
were not able to interpret the ongoing processes. Therefore, when
teaching perceptual tasks, it is important to keep in mind that less
experienced individuals will not only have difficulties with select-
ing, but also with interpreting information.

1.1.2. Specific challenges in active processing of realistic and
dynamic stimuli

As mentioned above, visually searching for the right information
and correctly interpreting that information is challenging, the more
so when materials are realistic and dynamic.

Realistic materials, such as photographs and videos, reproduce
the real world and keep many features of real objects intact, such as
color, shape, etc. (cf. Rieber, 1994). Such materials typically contain
much more information than is relevant to the task at hand. Hence,
relevant information has to be searched for among many irrelevant
elements, which, however, may be salient and could therefore
easily distract visual attention away from the thematically relevant
information (Dwyer, 1969). Visual saliency has a large influence on
visual attention, in the sense that visually salient areas are looked at
faster and longer and are also better remembered; this latter effect,
however, can be overridden by the thematic relevance of specific
areas — given the observer knows what is thematically relevant
(Kaakinen, Hy6nd, & Viljanen, 2011). This however, is not the case
for novices in a domain; hence, we must assume that they will be
mainly driven by visual saliency. Often the relation between
thematic relevance and visual salience is not straightforward, and
as a consequence the most attention attracting elements may be
entirely irrelevant to the task, whereas the crucial element may not
be very visually salient at all (Schnotz & Lowe, 2008). Research has
shown that students have more difficulties to learn from realistic
than from schematic material (e.g., Scheiter, Gerjets, Huk, Imhof, &
Kammerer, 2009). Hence, for realistic material the visual search for
relevant information is particularly challenging. In an educational
context this means that when studying realistic material it may be
beneficial to support the learner’s visual search of the relevant
information.

Dynamic material represents changes over time. The challenging
aspect is that information is transient, that is, it appears only in
specific moments in time (Hegarty, 1992). Thus, this information
not only has to be attended to at the right moment in time (i.e.,
selected), but it also has to be kept active in working memory, while
new information enters the perceptual system, which imposes high
working memory load (e.g., Ayres & Paas, 2007; Spanjers, Van Gog,
& Van Merriénboer, 2010). Moreover, several important elements
may be present at the same time, which makes it difficult to attend
to all of them (Lowe, 2003). That is, the attention of the observer
would need to be divided among multiple elements, thereby
causing split attention, which has been shown to hamper infor-
mation processing (cf. split-attention effect: Chandler & Sweller,
1991). Hence, it is not only challenging to select dynamic infor-
mation but also to keep it active in working memory so that it can
be interpreted. For educational purposes this means that when
studying dynamic material it may be beneficial to support
the learner’s visual search and interpretation of the relevant
information.

In the following section, we will introduce an instructional
format for perceptual tasks that fulfills the aforementioned prem-
ises and that relies heavily on the use of examples.
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1.2. Designing example-based Instruction for perceptual tasks

According to CTML (Mayer, 2005) and CLT (Sweller et al., 1998),
instructional materials should be designed to optimally make use of
limited attentional and cognitive resources by using these
resources for effective rather than ineffective processes. Example-
based instruction is such an instructional format that has shown
to be effective for novice learners (for reviews see Atkinson, Derry,
Renkl, & Wortham, 2000; Sweller et al., 1998). Examples show
students how they should perform a task, either by providing them
with a written, worked-out problem solution to study (i.e., worked
examples) or by allowing them to observe an experienced model
demonstrating how to perform the task live or on video (i.e.,
modeling examples; for a review see Van Gog & Rummel, 2010). By
doing so, learners do not ‘waste’ working memory resources on
searching for the correct solution by means of trial and error, but
can focus on learning the correct solution procedure instead (cf.
worked example effect, Atkinson et al., 2000; Sweller et al., 1998).

For motor tasks, the central task steps are directly observable,
but for cognitive tasks this is not the case. Instead, the model has to
be asked to unravel these covert processes by verbalizing them
while performing the task (Collins, Brown, & Newman, 1989). To be
able to understand the model’s verbal explanations in a perceptual
task, the students should also attend to the same information as the
model, since the verbal explanations may not be self-explanatory
without attending to the elements that they reference. The eye
tracking research described above suggests that is unlikely that
a student without experience in a perceptual task and an experi-
enced model will spontaneously attend to the same information
simultaneously, since novices’ visual attention is likely to be guided
more strongly by visual salience than thematic relevance. In line
with this reasoning, Boucheix and Lowe (2010) state that students’
attention should be guided in dynamic complex material in the
appropriate order and speed for them to learn, for instance, by
means of cueing, that is, by making relevant information more
visually salient (for a review: De Koning et al., 2009).

Research often finds ambiguous effects of cueing on learning
(e.g., De Koning, Tabbers, Rikers, & Paas, 2010; Moreno, 2007). One
reason might be that designers place cues where they think
students should look, instead of where a successful task performer
would actually look. Accordingly, using eye movements of experi-
enced and successful task performers might improve instruction by
cueing. In line with this reasoning, Grant and Spivey (2003)
developed a cue based on a comparison of eye movements of
individuals who either were or were not successful in solving an
insight problem (i.e., Duncker’s radiation problem). In a follow-up
experiment, individuals received the same problem, either
without any cue, with the information cued that successful
problem solvers had attended to more in the previous study (i.e.,
relevant), or with other (i.e., irrelevant) information cued. Partici-
pants who saw the relevant information cued solved the problem
significantly more often than participants in the other conditions.
Thus, Grant and Spivey showed that designing a cue based on
successful problem solvers’ eye movements could enhance
performance. However, the material used in this study was not
visually complex, as it consisted only of a simplistic, static visuali-
zation composed of one solid black dot surrounded by one black
circle, so the elements competing for the observers’ attention were
few and clearly distinguishable.

Perceptual tasks, as addressed in this article, often rely on
realistic and dynamic material. In such cases, it is far more difficult
to distinguish irrelevant from relevant information; moreover,
often several elements need to be inspected and in a specific order.
Here, it may be beneficial to cue the entire process of visual search
by displaying eye movements of a successful performer directly to

guide other people’s attention. This kind of cue has shown to be
effective, for instance, Litchfield et al. (2010) showed that a direct
use of eye movements as cues enhanced pulmonary node detection
in information-rich, but static chest X-rays. Moreover, research by
Velichkovsky (1995) has shown that directly displaying eye
movements on dynamic material facilitates communicative situa-
tions (i.e., collaboratively completing a puzzle). More importantly,
these studies showed that cues based on or direct displays of eye
movements improved immediate performance on the task for
which guidance was provided. The question remains, however,
whether such an eye movement based instruction could foster
learning. Therefore, the present study investigated whether this
kind of attention guidance would also enhance learning, that is,
performance on future, novel perceptual tasks when the guidance
is no longer present.

1.2.1. Eye movement modeling examples (EMME)

To sum up, studying examples of experienced models solving
a task is an effective teaching method. For perceptual and cognitive
tasks the model has to externalize covert thought processes by
verbalizing them; additionally, the otherwise inaccessible process
of attention allocation can be made visible by displaying the
model’s eye movements, which might synchronize students’
attention with that of the model. This can be expected to aid
students’ selection of relevant information during example study,
but it might also foster their own future search behavior on novel
tasks. In addition, synchronized attention might aid students’
interpretation of what the model is explaining during example
study, which should enhance their learning from the example,
which would be evident in their ability to interpret novel tasks by
themselves. Based on these considerations we developed eye
movement modeling examples (EMME; Van Gog, Jarodzka, Scheiter,
Gerjets, & Paas, 2009). EMME consist of a display of a model’s eye
movements superimposed onto the video stimulus that the model
is interpreting (i.e., a gaze replay) along with the model’s verbal
explanations.!

In an earlier study, we compared the effects of EMME and
traditional modeling examples (i.e., without gaze replay) on
learning a procedural problem-solving task (Van Gog et al., 2009).
The challenge in this task was to come up with one specific order of
moving several objects according to certain rules (cf. Tower of
Hanoi). In hindsight, however, the verbal explanation and the eye
movements of the model were probably redundant. This was the
case because the students could easily infer from the verbalizations
alone where to look. That is, students always had to choose
between one of two moves, which could be easily be verbally
referred to by the appearance of the objects and their position on
the screen. As a consequence, EMME with verbal explanations were
not effective for learning. When verbal explanations are sufficient
to guide visual attention, displaying the eye movements would be
redundant, and presenting redundant information is known to
hamper learning from examples (for a review, see Sweller, 2005).

The present study focuses on a visually complex perceptual task
(i.e., realistic and dynamic) in which the guidance provided by the
eye movements and the verbal explanations is unlikely to be
redundant: distinguishing fish locomotion patterns based on real-
istic and dynamic videos (for more detailed information on the
relevance of the verbalizations and the eye movements see

! These videos are not plain recordings of someone’s performance. Instead, they
are carefully didactically prepared in that (1) the model is chosen not only for
domain, but also for teaching experience, (2) the model is carefully instructed to
behave in a didactic manner, and (3) the model evaluates each recording for its
usefulness in an educational setting. For details on this procedure, see Section 2.2.2.
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description of EMME used in this study in Section 2.2.2). Previous
research has shown that students have difficulties not just with
interpreting, but already with visually searching for the relevant
information in this task (Jarodzka et al., 2010). Thus, EMME are
likely to be beneficial in this task.

1.2.2. Displaying eye movements in EMME

One question that arises regarding the design of EMME is how to
best depict the model’s eye movements. Standard eye tracking
software displays often show fixations as solid dots, which is
comparable to visual cues that increase the contrast of the to-be-
cued element by highlighting it with a salient color. However,
using the manufacturers’ display options would add another
element to the realistic stimuli that already contain a lot of
perceptual information. Accordingly, the display itself might either
obscure relevant information or attract attention to it, thereby
drawing attention temporarily away from the information the
model looked at. Another option might be to reduce the visual
saliency of the other elements on the screen, only keeping the
fixated elements clearly visible, as in a spotlight (so-called anti-
cueing; Lowe & Boucheix, 2011). To manipulate visual saliency,
realistic and dynamic videos can be manipulated in their contrast in
space and over time (Dorr, Jarodzka, & Barth, 2010). Research in
Computer Science has shown that this manipulation of videos
guides visual attention (Vig, Dorr, & Barth, 2009); it attracts
attention to the cued areas by reducing visual information else-
where (for an example with gaze-contingent manipulation of
naturalistic videos, see Barth, Dorr, Bohme, Gegenfurtner, &
Martinetz, 2006). The two ways of representing the model’s eye
movements, namely via dots and via spotlights, were implemented
in the present study.

1.3. Hypotheses

We hypothesized that attention guidance via the model’s eye
movements during example study would be successful, that is,
participants who studied EMME would follow the model’s eye
movements with their eyes instead of looking at other areas of the
video. This would result in more similar scanpaths across students
in the EMME conditions, whereas students in the control group
might look anywhere so that their scanpaths were expected to be
more diverse (Hypothesis 1).

Moreover, it was expected that due to this guidance, the
EMME groups would learn which information to attend to and
how to interpret it, which would be evident in more efficient
search behavior on novel test videos (Hypothesis 2) and better
interpretation performance of the fish locomotion patterns on
novel test videos (Hypothesis 3) than the control group.
Students’ ability to visually search for relevant information on
novel test videos was assessed by means of eye tracking. To test
the ability to integrate relevant information with prior knowledge
students were asked to actively interpret information from novel
test videos.

Based on the current state of knowledge in the field, it is unclear
whether we may expect any differences between the two EMME
conditions on learning outcomes in terms of either visual search or
interpretation performance. One may argue that representing eye
movements in a way that the contrast of unattended information is
reduced (spotlight display) rather than in a way that adds infor-
mation (dot display) would lower the amount of information that
has to be processed and thus reduce working memory load, which
might have a positive effect on learning. On the other hand, the test
videos no longer contain such guidance, and have to be processed
in their full complexity, which the dot display rather than the
spotlight group might already be used to.

2. Method
2.1. Participants and design

Seventy-five students at a German university were recruited by
on-campus flyers. Consequently, these students were from
different majors (mostly Psychology). Biology students were
excluded from participation and participating students had no
prior knowledge on the domain of fish locomotion as determined
by a prior knowledge questionnaire. They had normal or corrected-
to-normal vision and were randomly assigned to one of three
conditions (n = 25 each): (1) control condition without attention
guidance, (2) attention guidance with the original manufacturer-
provided display of the model’s eye movements (dot display), (3)
attention guidance by blurring out non-attended areas and leaving
fixated areas displayed at a high resolution (spotlight display).
Three participants from the spotlight display condition had to be
excluded due to poor eye tracking data quality, resulting in 72
participants in the final sample (age: M = 22.83 years, SD = 4.04; 50
female).

2.2. Apparatus and materials

2.2.1. Eye tracking equipment

Participants’ eye movements while studying the examples and
while completing the visual search test tasks were recorded with
a Tobii 1750 remote eye tracking system (50 Hz) using ClearView
software. This equipment was also used to create the examples.

2.2.2. Examples

The examples for the control group consisted of four digital
videos, sized 720 * 576 pixel, depicting single fish, each swimming
according to a different locomotion pattern. The videos were loo-
ped to last the length of a spoken description of the locomotion
pattern by the model. Hence, their duration varied (mean
duration = 81.00 s, SD = 27.24). The model was a professor of
marine zoology, with extensive experience in teaching the topic of
fish locomotion patterns. Hence, he was not only an expert in this
domain, but also in teaching it. The expert was instructed to behave
didactically, that is, to explain to novice students what the relevant
aspects of the locomotion pattern shown in each video were. Each
recording was replayed to the expert so that he could self-evaluate
the replay data whether they would be suitable to be used for
instructional purposes based on a number of statements (e.g., for
a novice student, the locomotion pattern is explained in enough
detail, in comprehensible terms, etc.; cf. Jucks, Schulte-Lébbert, &
Bromme, 2007), and if necessary, he could re-record it. To ensure
a close relation between the verbal explanations and the eye
movements, the model could pre-inspect each video carefully to
prepare what he wanted to say during the actual recording. Such
a procedure has been shown to result in a tight gaze-voice coupling
(Richardson & Dale, 2005). Table 1 shows the transcription and
coding of one of the modeling videos. From this table it becomes
clear that the model looks at the areas that he is talking about. For
instance, in timeslot 00:00 to 00:06 he refers to the dorsal and anal
fin and at the same time his eye movements are on these fins.
Moreover, in this same timeslot we clearly see the additional
benefit of the eye movement display: a novice would not know
which the ‘dorsal’ or the ‘anal’ fin is and would lose time looking for
it, while the video continues. When seeing the eye movement
display, however, the novice immediately sees which fin the model
refers to. Furthermore, we can see the additional value of the ver-
balizations from this table. For example, in timeslot 00:12 to 00:18
only the verbal utterance provides the information on how to
interpret the motion (i.e., in a wavelike manner).
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Table 1

Coding of one eye movement modeling video (Balistiform) across time for verbalizations of the model in relation to his gaze location.

Time (in s) Verbalizations® Location of eye movements Task step
00:00 - o Center of fish body -
00:00—00:06 “This fish swims using its dorsal and its anal fin.” e Dorsal fin Detection of relevant areas
[Clarification that these are the fins used for propulsion e Anal fin
and not for other purposes, such as navigation] [Indication of the relevant areas on the video, i.e.,
disambiguation of technical terms for fins]
00:06—00:12 “Those are the two fins that are in opposition to each other, e Dorsal fin & posterior part of body Detection of relevant areas
quite at the end of the fish’s body.”
00:12—00:18 “And it is striking that a wave movement is running across e Dorsal fin Interpretation of their motion
both fins.” [Disambiguation, which body part’s motion is
[Interpretation of motion] interpreted]
00:18—00:24 “This is not only a simple flapping, but this is simply a e Dorsal fin Interpretation of their motion
wiggling on these two fins.” e Brief look at pectoral fin
[Interpretation of motion] e Posterior part of body
- [Disambiguation, which body part’s motion is
interpreted]
- [Preview to which area the following statement
will relate to]
00:24—00:34 “And in addition to these two fins the fish only moves, and e Pectoral fin
this is clearly less striking, its pectoral fins.” [Disambiguation, which body part is referred to]
[Explanation of irrelevant moving body part]
00:34—00:42 “All other fins, the caudal fin as well, are not moving.” e Looking quickly twice between pectoral and

caudal fin
e Caudal fin
e Briefly pectoral fin
- [Disambiguation of technical term]
- [Location of other potentially relevant fins]

In square brackets the additional value of either the verbalizations or the eye movement display is provided.

¢ Translated from German.

In the control condition, learners received only the videos of the
fish that were accompanied by the model’s verbal explanations.
The verbal explanations were present in all three experimental
conditions and were identical across conditions.

In the dot display condition, participants received the same
examples as the control group, but those additionally included
a dot display of the model’s eye movements. These were created
using the manufacturer rendered eye movement display with an
I-DT filter (i.e., Dispersion Threshold Identification, cf. Salvucci
& Goldberg, 2000), where fixations are defined as lasting
a minimum of 100 ms with a 30 pixel dispersion. The eye move-
ments were displayed as a solid yellow dot (no gaze trail) that
changed size dynamically (smaller, larger) according to fixation
duration (shorter, longer).

In the spotlight display condition, potentially distracting
features in the unattended areas of the video were filtered out. That
is, the area in the focus of the model’s attention (with a radius of

32 pixels, i.e., approx. .80° visual angle) was visible in an unaltered
way, whereas the areas surrounding it were ‘blurred’ by reducing
local spatio-temporal spectral energy (i.e., contrast in space and
time) and removing color saturation from non-attended areas in
a similar fashion (for a detailed description of the underlying
technical procedure see Dorr, Jarodzka, et al., 2010; Dorr, Martinetz,
Gegenfurtner, & Barth, 2010). Fig. 1 shows a screen shot from each
of the three conditions.

2.2.3. Dependent measures
Dependent measures were obtained during the learning and
during the testing phase and will be discussed separately.

2.2.3.1. Learning measures. In the learning phase, two measures
were obtained. First, we determined whether students had fol-
lowed the model’s gaze (if available) during studying the examples.
In the dot display condition the exact spot of the model’s gaze was

Fig. 1. Screenshots from the video-based modeling examples of all three conditions used in the study (from left to right): Video example of a swimming fish with only verbal
explanations of the model on how to classify its locomotion pattern (control condition); video example with a visualization of the model’s eye movements as a solid dot (dot
display); video example with blurred out non-attended areas and fixated areas displayed at a high resolution (spotlight display).
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occluded by the dot itself, thus students were guided to look just
next to the dot. In contrast, in the spotlight condition students were
guided to look at the exact spot of the model’s gaze. Hence,
calculating the distance between the model’s and the student’s
gaze would have been an unfair comparison of both conditions. To
avoid this issue, the coherence of participants’ eye movements on the
instructional videos was computed following Dorr, Martinetz, et al.’s
(2010) scanpath similarity measure for videos. Gaze distribution
maps were generated for each frame across the four videos. For
each participant her or his similarity to the maps of the remaining
participants from the same condition on that example was deter-
mined, and then the mean of all four examples was calculated per
participant. If participants closely follow the model’s gaze, we will
expect high correspondence between scanpaths within conditions
(as indicated by low values).?

Second, we obtained a subjective rating of invested mental
effort (an indicator of experienced cognitive load), using the rating
scale developed by Paas (1992). Participants were asked to rate
mental effort after studying each video example ("How much effort
did you invest to complete this task?") on a 9-point rating scale
ranging from “very, very, very low effort” to “very, very, very high
effort”.

2.2.3.2. Testing measures. In the testing phase two different aspects
of learning were captured: the efficiency of visual search during
inspection of novel videos of fish swimming according to one of the
learned locomotion patterns, and the ability to interpret this fish
locomotion. For both aspects, three measures were obtained as
described in the following.

Visual search was assessed by recording eye movements while
participants were shown 4 novel videos (one for each locomotion
pattern) of 4 s duration featuring different fish than in the exam-
ples. While this may seem short, it should be kept in mind that in
real-life diving scenarios fish can be inspected only very briefly, as
they tend to swim away from divers. Because fish move very fast,
these videos displayed three to six full movement cycles. All in all,
the relatively short duration of the videos is ecologically valid for
this task. Moreover, in an earlier study, we could show that this
duration is enough to detect differences in search behavior
between individuals at different expertise levels (Jarodzka et al.,
2010). In particular, three eye movement measures were derived
on the test videos to determine visual search: (1) the coherence
between students’ scanpaths within conditions was calculated
according to the same method as described above, (2) the time
elapsing until participants first looked at areas of the videos that
were relevant to the identification of the fish’s locomotion pattern
for at least 100 ms (time until first fixation in ms), and (3) the total
time spent on these relevant areas (total dwell time in ms). These
areas were determined with the help of a domain expert and,
dependent on the particular locomotion pattern deployed by a fish,
covered a fish’s fins as well as parts of its body. Since the fish shown
in the videos moved around, the position of these relevant areas
changed over time. Accordingly, dynamic areas of interest (AOI)
were created for the four videos. Each video was divided into
100 ms segments. For each segment AOIs were defined manually.
The length of the segments was determined based on the

2 Calculating the distance between each students’ and the model's gazes
(Euclidean distance over time) led in practice to the exact same result pattern as the
scanpath coherence measure (control condition: 136.4 pixel, spotlight condition:
88.6 pixel, and dot condition: 89.1 pixel distance to the model’s gaze). The standard
deviations in the dot condition are larger than for the spotlight condition, indi-
cating that students indeed were guided somewhere around the dot making
a direct comparison of the distances between the model’s gazes and the students’
gazes confounded with the different visualization types.

maximum amount of time for which AOIs did not change within
each segment. The data for each AOI were aggregated per video
(i.e., across all 100 ms segments) and across all four videos to
determine overall dwell time. Since multiple AOIs could be relevant
to identifying the fish’s locomotion pattern, the time that elapsed
until one of these AOIs was fixated was used to determine the time
until first fixation of a relevant area.

For capturing students’ interpretation ability participants were
shown another 22 videos (their eye movements were not recorded
during this task), and after each video participants had to answer
multiple-choice questions on the interpretation of that fish’s
locomotion pattern, by checking the correct answers on two
questions relevant for describing a locomotion pattern (Lindsey,
1978): (1) which part of the body is used to produce propulsion
(pectoral, pelvic, dorsal, anal, caudal fin, or the entire body), and (2)
how does this part move (undulating/wavelike or oscillating/
paddlelike). Students received 1 point for each question correctly
answered (max. of 22 points for each question); however, the point
for the second question (how does this part move?) was only
assigned if the first (which part produces propulsion?) had been
answered correctly. Afterwards, both scores were transformed into
percentage correct for easier interpretation. Finally, (3) the same
perceived mental effort scoring as during learning was obtained
(Paas, 1992).

2.3. Procedure

The experiment was run in individual sessions of approximately
45 min. The eye tracking system was adjusted to the individual
features of the participant based on a nine-point calibration.
Participants were told that they would subsequently receive four
examples in which a biology expert explains each to-be-learned
locomotion pattern. Participants in the dot display and spotlight
display conditions were additionally informed that they would see
what the expert was attending to, and an example of that was
shown with an off-topic video. While studying the examples,
participants’ eye movements were recorded. Then, participants
completed the two tests. Before the visual search test, during which
eye movements were also recorded, the system was recalibrated.
After each learning example and each interpretation ability test,
participants rated their perceived mental effort on a 9-point rating
scale (cf. Paas, 1992).

3. Results

For all analyses reported here, a significance level of .05 is used.
Table 2 presents descriptive statistics of all variables.

3.1. Measures during example study

3.1.1. Attention guidance during example study

The comparison of the coherence of participants’ scanpaths
during example study by means of an ANOVA showed a main effect
of condition, F(2,69) = 22.16, p < .01, 71,2, =.39. Subsequent planned
contrasts were conducted to test first whether the two EMME
conditions differed from the control condition and second whether
the two EMME conditions differed from each other. The first
contrast revealed that EMME guided the students’ attention more

3 Regarding assumptions for calculating ANOVAs it should be noted that “time to
first fixation on relevant areas”, “interpretation ability of which body parts move”,
and “interpretation ability of which body parts move” were not normally distrib-
uted. Analyses with logarithmized values revealed exactly the same patterns of
results.
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Table 2

Mean learning and testing outcomes in the control group and both experimental groups (Standard Deviations given in Brackets).
Measures Condition Total

Control Dot Spotlight

Learning
Coherence of scanpaths 12.07 (1.69) 15.11 (2.08) 15.10 (1.71) 14.05 (2.33)
Perceived mental effort 2.52(1.32) 3.26 (1.59) 2.99 (1.46) 2.92(147)
Testing
Visual search
Time to first fixation on relevant AOIs 1632.45 (681.52) 1530.36 (509.55) 1236.53 (390.88) 1473.84 (564.89)
Total dwell time on relevant AOls 467.24 (373.14) 701.00 (332.07) 709.80 (313.32) 617.97 (357.04)
Coherence of scanpaths 14.48 (3.29) 14.55 (3.69) 14.84 (2.60) 14.61 (3.21)
Interpretation
Which body parts are moving? 79.86 (12.46) 88.64 (10.58) 81.64 (11.64) 83.20 (12.09)
How are these body parts moving? 53.79 (16.53) 58.55 (19.65) 56.72 (12.46) 56.21 (16.39)
Perceived mental effort 4.01 (1.35) 3.76 (1.50) 4,70 (1.48) 413 (1.48)

Note. Scanpath coherence is reported as a z-score. Both visual search variables are given in milliseconds. Both interpretation variables are given in percentage correct.

strongly in comparison to the control group, in that the coherence
(or similarity) of scanpaths within the two EMME conditions was
larger than in the control condition, t(69) = 6.65, p < .01, r = .62.
The second contrast revealed that the concrete design of EMME as
a spotlight or as a dot had no effect on students’ scanpath coher-
ence, t(69) = .01, p = .99, r =.001.

3.1.2. Mental effort during example study
An ANOVA on invested mental effort during learning showed no
significant differences across conditions, F(2,69) = 1.64, p = .20,
2
n = .05.

3.2. Performance for novel stimuli during testing

3.2.1. Visual search

Two ANOVAs were conducted to analyze students’ visual search
for novel test stimuli. They revealed that the conditions signifi-
cantly differed in the time participants took before looking at
a relevant area for the first time, F(2,69) = 4.19, p = .02, 7712, =.11as
well as in the dwell time on the relevant areas, F(2,69) = 3.74,
p=.03, 171% =.10.

Planned contrasts revealed that in general studying EMME
made students attend faster to relevant areas on novel videos,
t(69) = —2.15, p = .03, r = .25, and for a longer time, t(69) = 2.70,
p = .01, r = .31, in comparison to the control group. The planned
contrasts for comparing the two EMME conditions to each other
showed that studying spotlight EMME resulted in relevant areas
being attended more quickly than studying dot EMME,
t(69) = 2.01, p = .048, r = .24, whereas there were no differences
between the two conditions with respect to the total time spent
looking at relevant areas on novel videos, t(69) = —.53, p = .60,
r =.06.

ANOVA on the coherence of participants’ scanpaths during
testing showed no significant main effect of condition, F < 1.

3.2.2. Interpretation ability and mental effort during testing

Two ANOVAs were calculated to investigate the effect of EMME
on students’ interpretation ability as indicated by their ability to
identify relevant body parts and how they move. The first ANOVA
showed a significant difference between conditions for indicating
which body part produces propulsion, F(2,69) = 4.57, p = .01,
ng = .12. A first planned contrast revealed that studying EMME led
to a marginally better interpretation regarding which body parts
produce propulsion in comparison to the control group,
t(69) = 1.81, p = .07, r = .21, whereas the second contrast showed
that studying dot EMME yielded better performance than studying
spotlight EMME, t(69) = 2.35, p = .02, r = .27. The second ANOVA

showed no significant differences for interpreting how the pro-
pulsion producing body part moves, F < 1.

An ANOVA on perceived mental effort during testing showed
marginal differences between conditions, F(2,69) = 2.66, p = .08,
ng =.07. A first planned contrast revealed that studying EMME had
no significant effect on perceived mental effort when compared to
the control group, t(69) = .64, p = .53, r =.08. However, the second
contrast indicated that when studying spotlight EMME students
had to invest significantly more mental effort in comparison to the
dot EMME, t(69) = —2.24, p = .03, r = .26.

4. Discussion

This study investigated whether eye movement modeling
examples (EMME) improve learning to perform a perceptual task —
in this case, classifying fish locomotion patterns. As this perceptual
task requires the examination of realistic and dynamic material, it
may be difficult for students to follow what the model is explaining
when their attention is not synchronized with the model’s atten-
tion. EMME provide a solution to this problem by enriching
modeling examples with the eye movements of the model. We
hypothesized that EMME would guide students’ attention during
example study, which would in turn lower their working memory
load and enhance their learning. The eye movements were dis-
played both in a dot display (adding information) and in a spotlight
display (reducing other information) format (or cue vs. anti-cue
format in terms of Lowe & Boucheix, 2011).

Results showed that in line with our first hypothesis, visual
attention can be successfully guided by cueing a successful person’s
eye movements in video-based modeling examples. Analyses of
students’ eye movements during example study showed that
students’ scanpaths in both EMME conditions were more coherent,
that is, they looked at similar areas of the videos, whereas in the
control condition students’ scanpaths were diverse, that is, they
looked at very different areas of the videos. This finding suggests
that both display types of the model’s eye movements were likely
to be successful in guiding students’ attention. Moreover, in line
with Hypotheses 2 and 3 the results showed that these EMME
fostered learning by improving students’ visual search and their
ability to identify relevant information in novel test stimuli. A
further interpretation of the motion of these relevant elements
could not be significantly improved by EMME and leaves room for
fine-tuning of this instructional method. Nevertheless, given the
rather short intervention in this study, the results are already
promising: In terms of Mayer’s (2005) CTML and the CLT (Sweller
et al,, 1998) we could show that EMME positively influence two
central aspects of information processing, namely visual selection of
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relevant information from a complex perceptual stimulus and its
organization and integration of that information with prior knowl-
edge and the verbal explanation provided by the model.

Other researchers have claimed that the specific manner of
cueing — as color highlight or as an anti-cue spotlight — should not
make much of a difference on learning, as long as the visuo-spatial
contrast remains the same (Lowe & Boucheix, 2011). The results of
this study indeed seem to suggest, that the beneficial effect of
EMME is independent from the design (i.e., from the eye movement
display), as both EMME conditions guided students’ visual atten-
tion during learning, affected visual search on new test videos, and
improved interpretation compared to the control group. However,
we did also find differences between the two EMME conditions that
may result from the design of the eye movement display: Whereas
students within each condition acted very similar with respect to
their visual exploration of the videos, only the spotlight condition
increased visual search efficiency on novel stimuli in terms of
looking faster at relevant areas. On the other hand, the dot condi-
tion compared to the spotlight condition led to better interpreta-
tion performance in terms of indicating which body parts were
involved in the locomotion. That is, the two display types fostered
different steps of the learning process; whereas learning from
spotlight EMME fostered the visual selection of information from
the environment, learning from dot EMME fostered the organiza-
tion and integration of this information with prior knowledge (cf.
Mayer, 2005; Sweller et al., 1998). Hence, none of these displays can
be declared to be better suited for teaching this perceptual task
overall; instead each seems to support a different learning goal. As
a consequence it is unclear based on the data of this study whether
there is indeed a deterministic relation between ‘visual search’ and
‘interpretation ability’. For instance, some research on cueing in
instructional animations has also shown that sometimes cues do
guide visual attention to the relevant elements, but do not result in
increased learning outcomes (e.g., Kriz & Hegarty, 2007).

A possible explanation for this differential effect is that the
different displays might stimulate different processes. The spotlight
display guides the students’ attention directly on the model’s eye
movements and leaves no other information to look at (as it is
blurred). This might have fostered a mainly perceptual aspect of
learning that allows to re-enact perceptual processes (cf. Goldstone,
1998). The dot display, on the other hand, occluded the exact spot
the model looked at, but at the same time did not ‘force’ students to
follow the model’s gaze and allowed for attending to other infor-
mation. Thus, students learning with the dot display were guided
“around” the relevant areas during learning instead of being guided
directly to the spot the model looked at. Hence, they might have
experienced problems to locate those areas as quickly during
testing as the spotlight condition. However, this may also explain
why the dot display had a positive effect on the ability to interpret
the fish locomotion patterns, as these students could get a holistic
view of the entire fish and its locomotion, which students in the
spotlight condition could not. This holistic view may have allowed
students in the dot display condition to perceive some other
aspects than only those that the model looked at by peripheral
vision, which might have given them a benefit. Research on visual
short term memory has shown that when a global configuration of
elements remains unaltered, it is easier for participants to
remember specific features of one relevant element (e.g., color,
position) than when some or all other elements are removed (Jiang,
Olson, & Chun, 2000). As such, the dot display condition might have
had an advantage with regard to building a mental model of the
overall configuration of the locomotion pattern. Our findings on
perceived mental effort lend tentative support to this assumption:
whereas the groups did not differ in the amount of overall
perceived mental effort, the spotlight group invested significantly

more mental effort during testing than the dot group. That is,
considering both the higher amount of invested mental effort and
the lower interpretation performance, the conclusion seems war-
ranted that it was indeed more difficult for the spotlight display
group to remember specific aspects of the relevant elements and
thus, to integrate them with what they just saw.

In our previous research, EMME in contrast to the present
findings proved only somewhat helpful for learning when no verbal
explanation was present, but hindered learning when combined
with a verbal explanation (Van Gog et al., 2009). This difference
with the present study can be explained both by the nature of the
task as well as by the high redundancy between the verbal and the
visual input in the previous study. In the present study, verbal and
visual inputs were highly complementary. Most importantly, the
verbal explanations were necessary to provide information on why
the information attended by the expert was relevant at a given
moment. For instance, the expert might have attended to a partic-
ular fin while saying that this fin was relevant either to propulsion
or navigation — which is information that a novice could have not
extracted from the visual input alone. Similarly, a verbal description
of a fish swimming forward while moving multiple fins in parallel
to do so, would be difficult if not impossible to comprehend
in isolation, given the complex visuo-spatial nature of these
movements.

Further research is required to investigate the explanations for
the differences between the two modes of eye movement display as
cues in EMME and investigate the practical significance of EMME
beyond a laboratory context. Nevertheless, these findings are
interesting for educators and trainers, because they show that
guiding an individual’s attention based on a more competent
person’s eye movements can not only guide that individual's
thought, thereby affecting direct performance, but can go well
beyond that to guiding learning. Therefore, the question arises now
how to transfer the findings from this study into practice. Many
real-world tasks require perceptual skills. When instructors are
teaching novices to execute these kinds of tasks, they should keep
in mind to explicitly teach perceptual components as well. EMME
might be an appropriate way to do this for many tasks.
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