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Abstract

Tasks with a complex, dynamic visual componentuireqnot only the
acquisition of conceptual/procedural but also ofrcpptual skills. This study
examined expertise differences in perceiving angrjmeting complex, dynamic
visual stimuli on a performance and on a processllencluding perceptual and
conceptual strategies. Performance, eye movemaeiot, varbal report data were
obtained from 7 experts and 14 novices. Resultsvstiat experts compared to
novices attend more to relevant aspects of theuignuse more heterogeneous task
approaches, and use knowledge-based shortcutdcétighs for instructional design

for the acquisition of perceptual skills are disrc
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1. Introduction

Many instructional materials directly or indirgctionvey expert knowledge to
learners (Feldon, 2007). For instance, a very sffeanstructional technique is the
use of worked examples, in which novices are shawmorked-out expert solution
procedure (Sweller, Van Merriénboer, & Paas, 1988)wever, worked examples
have so far mainly been used to convey conceptodl @ocedural aspects of
expertise. In many domains, expert performance @saprises perceptual/attentional
skills, that is, the ability to perceive the relavaut of irrelevant information in
complex, highly visual stimuli and to draw inferescbased upon the perceived
information (e.g., x-rays in medical diagnosis kesgold et al., 1988; weather maps
in meteorology see Canham & Hegaiy 1S |1SSUE).

An important question is, if these perceptualfdttaal aspects of expertise,
that is top-down processing of perceptual stimedilld also be conveyed to novices
to facilitate skill acquisition. Since providingfarmation at a conceptual level has
been shown to be effective for the acquisitionafaeptual/procedural skills, it might
be necessary to grant novices more direct accestheoperceptual/attentional
processes underlying experts’ performance; for g@temby guiding the novices’
attention to critical perceptual information duriting study of worked examples based
on evidence regarding experts’ perceptual processeh as eye movements (Van
Gog, Jarodzka, Scheiter, Gerjets, & Paas, 2008; pimcess-oriented worked
examples see Van Gog, Paas, & Van Merriénboer, )2088wever, as will be
discussed in the next section, not much is knowosutbow experts allocate their
attention during task performance, and how theendibn allocation differs from

novices, especially in domains that involve complelynamic visual stimuli.



Therefore, the present study examined expertistheénperceptual/attentional and
conceptual processes involved in the interpretatfocomplex dynamic visual stimuli

in the domain of fish locomotion.

1.1. Expertise differences in perceiving and intetipg complex visual stimuli

Many studies have addressed the issue of how Bxperceive and interpret
visual stimuli by using eye tracking methodology.plarticular, these studies provide
information on attention allocation through eye maent analyses. Gazes on
relevant information have higher densities thanrmelevant information. Haider and
Frensch (1999) stated in their information-reduttitypothesis that with increasing
expertise people learn to distinguish between egleand irrelevant information and
therefore concentrate on processing mostly relewvdotmation (see also Canham &
Hegarty, THIS ISSUE). Using a letter string task in which the locatioihrelevant
information was varied, Haider and Frensch (19@®jaborated this hypothesis with
eye movement data. In the domain of art, Antes kanstjanson (1991) found that
experts (i.e., artists) compared to novices (iren-artists) had higher fixation
densities on important aspects of the paintingsar@#ss, Reingold, Pomplun, and
Stampe (2001) alstound in their studies of expertise effects in chpsrformance
that experts had a greater proportion of fixationgelevant rather than on irrelevant
areas.

The above studies, however, used static visuahuditi few eye-tracking

studies have taken place using dynamsual stimuli (e.g., for air traffic control see

1In both studies (i.e., Antes & Kristjanson, 1991hathess et al., 2001) relevant areas were
determined a priori by an independent expert irfitdd of study.



Ellis, 1986) to identify differences in visual atten in general, and none has yet
investigated attention to visually complex and dgir@astimuli that contain relevant
and irrelevant information. One exception to the aédynamic material is the study
by Moreno, Reina, Luis, and Sabido (2002), in whidvice and expert gymnastic
coaches inspected videos of gymnastic techniqued imadicated errors in
performance. They found that experts had longerfaner fixations than novices,
and attributed this to the fact that experts atenehore to informative (i.e., relevant)
areas and ignored uninformative (i.e., irrelevamgs. However, this assumption was
not directly tested in the study. Another excepi®the study by Lowe (1999) on the
interpretation of weather maps, where novices roaatl more often irrelevant but
perceptually salient features after the inspectudnthe dynamic weather maps,
suggesting that they attended more to these featti@wever, this assumption was
not directlytested with eye tracking.

So far, eye tracking has provided interestinggints into how experts differ

from novices using single basic eye tracking indica(e.g., number or duration of

fixations) when processing tasks with a high visc@amnponent. Little research has
been done to identify expertise effects in percalpstrategies used, that is, complex
patternsof eye movements when processing dynamic visualft There are at least
two open questions associated with this issue.

First, one may ask whether experts’ perceptuatesjies are characterized by
an optimization of the strategies that a novice laise or whether experts act within
their domains in a qualitatively different way thaovices do. In the case of
conceptual processing it has been shown that exgeghly integrated knowledge
structures enable them to use shortcuts duringpastessing (e.g., medical diagnosis

based on textual descriptions of cases: Boshuiz&tl&midt, 1992), which results in



very different strategies for different expertisgdls. In contrast, in case of perceptual
processing it has been found that experts proga$seport visual case information

more elaborately than novices (e.g., for diagnoghngy pictures see Lesgold, 1984),
which rather seems to favor the idea that expgrtsnize strategies that are used
imperfectly by novices.

Second, it is unclear whether experts’ percetrategies are the same for all
experts or differ among experts (Medin et al., 2006). For example, Medin, Lynch,
Coley, and Atran (1997) showed that, while someeetspwere very similar in their
approaches to the task (namely, parks maintenaresonqnel vs. scientific
taxonomists in categorizing trees) other expeffferdid in their approach to the same
task (namely, landscapers vs. scientific taxon@jidtfloreover, Medin et al. (2006)
showed in another study that even in well-structidemains, like the categorization
of freshwater fish, expertise did not lead to commonceptualizations. The authors
concluded that even if the outcome of a categaomaprocess is similar across
experts the underlying processes are not necessaril

The above conclusion, however, might be due to ¢haracteristics of
biological taxonomies in which orteas to deal with a diversity of the features of the
various species. These taxonomies are often ingdetibat is, they are conceptual
schemas not inherent to a domain; hence, therehmayultiple categories for the
same species depending on the focus of the taxorfergy, morphology, genetics,
etc.). Furthermore, categorizing species is basedoltiple features, which do not
need to be considered in a hierarchical order. Expray differ in the features that
they emphasize in order to achieve a categorizatlepending on their prior
experiences, that is, on their learning historyr Fstance, an expert with lots of

outdoor experience will potentially focus on othiatures (e.g., those easily



observable in a natural setting) than an expert wiastly deals with formalin
preparations and textbooks (e.g., features reqguaiclose inspection). Hence, these
differences in learning history, which will be mfted in the organization and
accessibility of knowledge, may affect how expeaittend to features (for endogenous
attentional control see Corbetta & Shulman, 200@sner, 1980) yielding diverse
perceptual strategies for experts. On the othed,haovices’ attention may be mainly
guided by exogenous features, for instance, bersedi (Lowe, 1999). Consequently,
their perceptual strategies might be rather homeges compared to those of experts.

Therefore, two issues are very important whenyshgdexpertise differences:
(@) namely the specialization of the experts undeestigation andb) the nature of
the task (Medin et al., 1997, 2006). When invesitigaperceptual strategies, the task
to-be-performed is even more important becausemey@ements strongly depend on
it (Yarbus, 1967).

In sum, many tasks require the use of percepkuiéd.sHowever, instructional
materials seldom teach these skills directly. Teigie instructional material that is
suited to convey perceptual skills, knowledge opegtise differences in the analysis
of complex, dynamic visual stimuli is necessarythAugh some studies dealing with
complex, static visual stimuli exist, research oteipreting complex, dynamic visual
stimuli is still rare. The aim of the present studsas to investigate expertise
differences as a prerequisite for designing effectinstructional material in the

domain of fish locomotion.

1.2. Describing fish locomotion patterns



In the present study expertise differences werestigated for the description
of locomotion patterns of fish swimming forward. i¥hask was chosen for two
reasons. First, this task is dynamic and has aljhigisual component, thus,
perceptual strategies are very likely to play ai@lurole in task processing. Second, it
is a good example of the topic of biodiversity, @is a core topic in biology and
part of the curriculum at school and universitycdogse fishes are the most diverse
vertebrates; besides a large diversity of form&repand habitats, they are also very
diverse in terms of their locomotion patterns (\&le1993).

To describe a locomotion pattern, the followingdglines should be applied
(Lindsey, 1978). First, it has to be decided whpelnt of the body is used to produce
propulsion. This can be either the body itselffer tins. Second, it has to be decided
how this part moves. This can be either in an unduiafii.e., wavelike) or an
oscillating (i.e., paddlelike) way. These decisiforsn the basis of what will be called

a locomotion description stratedyere, which is taught to university students of

biology when they receive training in marine zoglogpplication of this strategy,
would lead the observer to attend only to thosespair the fish body that might be
crucial for the fish’'s locomotion (i.e., the finadithe body) and ignore the parts that
are irrelevant to the locomotion (i.e., eyes ooduoll patches).

Both novices and experts have to rely on the lat@m description strategy
when classifying locomotion of unfamiliar fish. Hewer, with familiar fish, experts
may be able to automatically retrieve knowledgetlon specific locomotion pattern
associated with this particular fish species fromnmory. In such a case_a species

classification strategyill be used, and other features of the feute potentially

relevant. Specifically, some species can be easitpgnized due to salient static

features (e.g., a specific colorful pattern on figh's body characteristic of a



particular fish species). Experts can use theseiresm to classify a fish, and upon
activating that particular schema, the knowledge in locomotion pattern is
automatically activated. For novices, this typekobwledge-based shortcut is not

available, so they need to rely on the locomotiescdiption strategy.

1.3. Research questions — Hypotheses

This study investigated how different levels opentise in biologywould be
reflected in differences in task performance (i.eqrrect description of the
locomotion) as well as in different strategies. §&éifferences were investigated by
means of eye tracking and cued retrospective vedpalrts (cf. Van Gog, Paas, Van
Merriénboer, & Witte, 2005). Using these methodsanjunction was expected, first,
to provide insights into the perceptual and congglpprocessing of complex visual
dynamic stimuli and, second, to provide an exangfléiow eye tracking data on
dynamic stimulus material can be analyzed in dehailaddition, findings obtained
from this study were intended to inform the instimital design of process-oriented
worked examples that teach perceptual skills bgliggistudents’ attention (Van Gog,
Jarodzka, et al., 2008).

It was hypothesizedHypothesis 1 that experts would perform more
accurately and faster than novices on a locomotiescription task (reflected in
higher correctness rates and shorter mean viewmgst of the stimulus). The
respective test, however, mostly served as a mktipn check concerning our
assignment of individuals to different levels operise.

More important, based on prior findings with stattomplex visual stimuli

(Antes & Kristjanson, 1991; Charness et al., 2004aider & Frensch, 1999) it was
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hypothesizedHypothesis 2 that also in this dynamic domain the process déta
experts would show that they attend more to relewrd@ormation than novices, who
would rather attend to perceptually salient, buteptally conceptually irrelevant
information (cf.Lowe, 1999). Whether experts attend to featuresaterelevant for

either locomotion description or species clasdiiica was explored by means of
analyzing the gaze duration on these features.alt predicted that experts would
attend more features relevant to the species thaices (Hypothesis 3).

Moreover, whether expertise yields either morediity or more homogeneity
in terms of the perceptual strategies used wasstigaged by analyzing experts’ and
novices’ gaze sequences. It was assumed that sbyeeceptual strategies will be
guided by the salience dfingle features and, thus, possibly leading to aemo
homogeneous gaze pattern. On the other hand, sxperceptual strategies were
assumed to be controlled in an endogenous way. dl@xperts were expected to be
characterized by rather heterogeneous gaze pattiesnding on their individual
learning history that would lead to different presiag strateigs (Hypothesis 4).

Finally, it was expected that experts would vedealess information than
novices due to schema automation and thus use feeels in their description of
how they accomplished that task (Ericsson & Sinmk®80). In line with Boshuizen
and Schmidt (1992) their verbalizations were exgetd contain more encapsulating

technical termgHypothesis h

2. Method

2.1. Participants and design
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Participants in the study were 21 individuals €\26.57 years, SB 5.98; 10
females and 11 males) with two different levelsegpertise. Of them seven were
experts, that is, professors, PhDs, or advanced ®bdents, with a mean age of
31.43 years_(SB> 8.54). The novices were 14 biology studentshef Wniversity of
Tuebingen, Germany, with a mean age of 24.14 y&its= 1.51), who had basic
knowledge of fish anatomy, terminology and locomotpattern, but had very little if
any experience with classifying different locomatipatterns. We determined via a
guestionnaire that experts were more interestéidhrand had more relevant practical
experience with fish locomotion (i.e., they engageate frequently in snorkeling and
diving than novices), because not only years okearpce in a domain, but also the

nature of this experience is important (Ericssobefamann, 1996).

2.2. Material and apparatus

2.2.1. Stimulus materials

The materials consisted of four digital videos @oreen shots see Figure 1) in
an audio video interleave format (.avi), sized 3&B0 pxI| (corresponding to 3.74 *
4.98 inches). Each video depicted a single fishmswing, whereby each fish
deployed a different locomotion pattern (i.e., dettonti-, subcarangi-, labri-, and
balistiform) that had to be described by the pgrdints. The videos were rather short
(8.79 s on average), but looped automatically ywditicipants stopped them. This
was done in order to avoid an artificial situation both groups. On the one hand,
novices might not be able to describe the locomogattern at all after a too short

presentation. On the other hand, if experts wereetbto look at a stimulus that they
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had interpreted already, they might start to lobkampletely irrelevant features just

out of boredom.

2.2.2. Eye tracking equipment

Eye movements were recorded with a Tobii 1750 temege tracking system
with temporal resolution of 50 Hz, and analyzedhwilearView 2.7.0 software
(www.tobii.com). The verbal data were recorded mtasia 3.0 software using a

standard microphone attached to the stimulus PC.

2.2.3. Cued retrospective reporting

Cued retrospective reporting is a verbal reportprgcedure in which
participants verbalize their thought processes ndurtask performance after
completing the task, based on a cue of their pexdoice. The cue used here consisted
of the videos with the recordings of participardg/n eye movements superimposed
onto the video (Van Gog et al., 2005). This soethllgaze replay” showed fixations
with a definition of maximum 50 pxl and at leasD2@s including a gaze trail of 500
ms (for an example screenshot of the gaze repkygpire 2). The gaze replay was
at full speed and although participants were notadd to pause it, they could watch
it again.
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2.3. Procedure

The experiment was run in individual sessions pgraximately 20 minutes.
At the beginning, the eye tracking system was aelguso the individual features of
the participant based on a nine-point calibrati®efore watching the videos,
participants received the following instruction: Hil¢ watching the video, please
take a look at the way the fish swims. Subsequemdtching the video, you will
have to describe the fish’s locomotion pattern. Wallibe allowed to watch the video
as often as you like.” Then, participants watchieel lboped video while their eye
movements were recorded until they stopped it tlebras. After having watched the
video, participants were asked to describe thenmtmn pattern of the depicted fish
verbally. Subsequently, they were asked to provite cued retrospective reports
(Van Gog et al., 2005), for which participants ieed the following instruction: “In
the following you will see a red spot moving oviee tscreen. This is the recording of
your eye movements. The lines that are drawn bsploe represent the path of your
eye-movement. The size of the spot correspondsuo fixation duration, that is, the
bigger the spot is the longer you have lookediatghint. Please watch the replay and
tell me what you were thinking during your firstewing”. This procedure was

repeated for all four videos.

2.4. Data analysis

2.4.1. Correctness of description
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Based upon Lindsey’s (1978) description of fislzolmotion patterns the

following coding system for the correctness of dgsion was applied. The first

dependent variable was the correctness of the imadhtermsused for describing the
locomotion pattern after watching each video. Thenimg of the correct technical
term for describing the locomotion pattern yieldegoint, whereas the naming of a
wrong technical term or none yielded O points. Teter dependent variables were
obtained from the descriptions of the locomotiottgra. First, it was coded whether
participants described correctly whiphrt of the fish body had been moving. Second,
it was coded whether participants described cdydww the part of the fish body
had been moving. With regard to the latter two eigdhe technically correct and
complete answers yielded 1 point each, a correttcblioquial or only partially
complete description yielded 0.5 point, and evenglelse yielded 0 points. Thus,
participants could receive a maximum of 4 points dach of the three dependent
variables for all videos, because there were faghr that were presented in four
respective videos. The coding system is summaiizdable 1. Two raters conducted

the coding of the verbal data independently, amdveld complete agreement.

2.4.2. Gaze data

To analyze participants’ eye movements, we credtchamic” areas of
interest (AOIs), which are precisely specified arehan object (e.g., a fin, a patch of
colorful stripes, the mouth) and for which it caas determined whether and for which

amount of time a participant is looking at thisaarBach part of the fish body was an
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AOI (all fins, the body, and salient features, ldgges, colorful stripes, or taints). Each
video was divided into segments of 100 millisecordsh. For each segment AOIs
were defined manually. The length of the segmerds determined based on the
maximum amount of time for which AOIs did not changithin each segment (i.e.,
because the stimuli were dynamic, the position&@Is could change). In a first step,
the data for each AOI were aggregated per videq @cross all 100 ms segments). In
a second step, the data for the AOIs were aggregat®ss all four videos according
to whether the body part represented by an AOI (@aselevant for the locomotion
description strategy only, (b) relevant for the @eg classification strategy only, (c)
relevant for both strategies at the same timegdpiir{elevant for both classification
strategies (see Table 2). The assignment of AOIsh&se four categories was
determined a priori by a domain expert (cf. AntesKAstjanson, 1991; Charness et
al., 2001). We refer to these aggregafgdis as AAOIs in the remainder of the
present article. The AAOIs were not all equal iresihowever, this is not problematic
as comparisons were made only between groupsadhstebetween AAOIs within
each group.

The first dependent variable was the mean vievdaation per videoThe

second dependent variable was the distribution azfegacross the four different

AAOQOIs for the first four seconds. This was done n@ake total gaze durations
comparable, because participants could watch eatdovas long as they wanted.
Every participant had watched each video for astldhis amount of time (i.e.,

minimum viewing time was 4.15 s). Third, sequencalygsesfor the different AAOIs

were conducted to compare series of gazes to etddr based on the so-called
Levenshtein distance. The Levenshtein distance measure used in computer

science to assess the edit distance between twmsstThis edit distance is the
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minimal number of edit operations needed to tranefee string into another. Edit
operations are insertions, deletions, or substitstiof single characters. The edit
distance can be converted into a percentage vdtluethe present study the
Levenshtein distance was used to compare the seegien the gaze locations across
participants (cf. Feusner & Lukoff, 2008).

To determine the Levenshtein distance, a stringA0ls that a participant
had looked at in a given order (e.g., AAOI 1, AABIAAOI 1, AAOI 4, ...) was the
input data. The number of edit-operations (i.esertions or deletions of AAQIS)
needed to transform the AAOI sequence of this @pent into that of another
participant describes the similarity between the taequences of AAOIs. The
Levenshtein distance was determined for the gageesees of experts as well as for
novices to analyze the similarity of the strategised within groups. In particular,
Levenshtein distances were computed for pairs oDRAgtrings, whereby each person
provided one AAOI string. This procedure resultedai similarity score for each
possible pair of experts and for each possible glanmovices. The calculation of the
distribution of gazes and sequence analysis redjged-programmed tools, which are

described in the Appendix A.

2.4.3. Cued retrospective reporting
The cued retrospective reports obtained duringgtiee replay were analyzed
with regard to different aspects. First, the cotdeof the participants’ initial

utterances (i.e., the first term mentioned) of egelze replay were analyzed to
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determine whether they referred to either relevanirrelevant features for both
classification strategies (see Table 2) in orderinestigate participants’ initial
response to the task. The remaining analyses eeféorthe complete gaze replay. As
a second variable, it was analyzed whether the peteaspective reporting referred to

featuresthat were either relevant according to one or lotdsification strategies, or

irrelevant according to both strategies (see Tahl& hird, the_total number of words

used during retrospection was counted. Fourth, nimmber of different technical

terms which were used during retrospection, was detezthi

3. Results

An alpha level of .05 was used for the statistieats reported.

3.1. Correctness of description

Results of a 2(expertise) x 3(performance) MANOMA,which the three
performance measures were naming locomotion patiemrectly, describing which
body part had been moving, and describing how éacly part had been moving,
showed a main effect of expertise, Pillai's trace58, K1, 18) = 7.32, p= .003,
partial n? = .58, meaning that expertise positively affedieel overall correctness of
the description of the locomotion pattern. The anate analyses showed that experts
mentioned some technical terms for locomotion patig1 = 1.57, SD= 1.27),
whereas none of the novices did .00, SD= .00), K1, 18) = 20.82, p < .001,
partial n? = .54. All experts were able to identify the bodsrtprelevant to the

locomotion pattern (M= 4.00,_SD= .00), and although the novices’ performance was
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also quite good in this respect @13.08,_ SD= 1.22), it did not reach that of experts,
F(1, 18) = 3.89, = .06, partiah? = .18. Experts and novices did not differ in theyw
they described how the relevant parts of the fistlyomoved (for experts M 1.14,

SD = 1.03; for novices M= .92, SD= .86), F< 1, ns

3.2. Gaze data

Novices (M= 24.69 s, SD= 12.15) had significantly longer mean viewing
times for the four videos than experts éML0.93 s, S+ 4.06), K1, 19) = 8.32, =
.009, partiah®= .31.

Regarding the distribution of gaze durations fa tour different AAOI types
for the first four seconds of each video, an ANOWRh expertise as independent
variable and the gaze duration for each of the FoA®OI types as dependent variable
was conducted. The ANOVAevealed that experts had significantly longer gaze
durations than novices on the AAOI relevant for fpecies classification strategy,
F(1, 19) = 7.69, = .01, partiain®= .29, and marginally longer gaze durations on the
AAOI relevant for both strategies(E 19) = 3.10, p= .095, partiah® = .14. Gaze
durations on the AAOI relevant for locomotion pattedescription did not differ
between groups, E 1, ns Finally, novices had longer gaze durations onAA®I
irrelevant for each strategy compared to expelts, B) = 6.53, p= .02, partiah®=

.26. Means and standard deviations are display@dlie 3.
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3.2.1. Sequence analysis

An ANOVA was conducted with the similarity scores dependent variable
and the type of comparison (comparisons among EXper. comparisons among
novices) as the independent variable. A significaain effect of type of comparison
was found on Levenshtein distancé¢],F107) = 9.28, 5= .003, partiah®= .08. The
group of experts (M= 67.41%;_SD= 5.62%) was less similar than the novices group
(M = 72.09%; _SD= 6.49%), that is, the gaze behavior of experts ware

heterogeneous than that of novices.

3.3. Cued retrospective reporting

First, the initial utterances during watching tieze replay were analyzed by
conducting ANOVAs with expertise as independentialde. Experts mentioned
contents relevant for classifying the fish speciewe often (M= 1.57, SD= 1.27)
than novices (M= 0.21, SD= .43), K1, 19) = 13.53, p= .002, partiain® = .42.
However, the experts did not differ from novicestlie case of mentioning content
relevant for classifying the locomotion patterns B, ns of contents relevant for both
classification strategies,(E19) = 3.07,p= .10, or of irrelevant content, € 1, ns

Means and standard deviations are displayed inefébl

Second, ANOVAs, with expertise as independentaide were conducted in
order to investigate utterances of the participémas occurred during the whole task

performance. Experts mentioned features that wetevant to the locomotion



20

desription strategy significantly more often thavices, K1, 19) = 23.84, px .001,
partial n? = .56, as well as features that were relevant daogrto the species
classification strategy,(E, 19) = 9.11, = .007, partiah®= .32. However, there were
no significant differences for features relevanbtah strategies, (&, 19) = 1.49, =

.24, and irrelevant statements<HA, ns Means and standard deviations are displayed
in Table 4.

Third, an ANOVA for the overall number of wordseaisduring retrospection,
with expertise as independent variable, revealeditierences between experts @
242.14, SD= 110.54) and novices (M 247.36, SD= 151.44) < 1, ns Finally, a
similar ANOVA for the complete gaze replay showkdttexperts tended to use more
technical terms during retrospection éVL6.29, SD = 4.75) than novices éM11.14,

SD=5.78), K1, 19) = 4.12, = .06, partiah®= .18.

4. Discussion

The present study aimed at identifying expertifeces in perceiving and
interpreting complex, dynamic visual stimuli, bathan outcome and a process level.
It was hypothesized that experts would perform maceurately and faster than
novices (Hypothesis 1) and that the process dataxpérts would show that they
attended more to relevant information than novicgep would attend more to
irrelevant information (Hypothesis 2). Furthermadsypothesis 3 addressed the issue
of which relevant features the experts would use., (for locomotion description
strategy or species classification strategy, ohhdtlypothesis 4 addressed the issue
of whether expertise would yield either more diitgrer more homogeneity in terms

of the perceptual strategies used. Finally, Hypgith® predicted that experts would
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verbalize less information than novices and thues fesver words, because they use
more encapsulating technical terms during retraspec

In line with Hypothesis 1, performance differencedavor of experts were
verified. Experts were able to perform the taskdigsas indicated by shorter mean
viewing times of the stimulus, and more accurataly, indicated by their better
description of locomotion patterns and their highge of correct technical terms. As
expected, novices were not able to do so. Not didythey not use technical terms,
but they also were not able to identify the parftdshe fish body relevant for the
locomotion pattern displayed. While both expertsd amovices refrained from
appropriately describing how the crucial body pants/ed, experts named the correct
technical term for the locomotion pattern, which bgfinition encapsulates this
information.

The main focus of this study, however, was to stigate process differences
between experts and novices both at a conceptual, ldby means of cued
retrospective reporting, and at a perceptual lebglmeans of eye tracking. These
processes were analyzed with regard to whetheresxgeuld attend more to relevant
rather than irrelevant features compared to novitetng the task as indicated by
Hypothesis 2. The comparison of initial utteranoéshe cued retrospective reports
between experts and novices showed that expertsideyad more of the relevant
information in the beginning of their task procegsi Furthermore, analyzing the
distribution of gaze durations on AAOQOIs revealedttbxperts also attended more to
relevant areas compared to novices. Finally, thed aetrospective reports for the
entire duration of task accomplishment showed thatexperts’ attention remained
focused on relevant areas. Thus, the findings ®fpifesent study show, in line with

results from studies on static stimuli (Antes & ${fanson, 1991; Charness et al.,
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2001; Haider & Frensch, 1999), that experts attemate relevant features of a
complex dynamic stimulus than novices. Thereforedilyesis 2 was confirmed.

Moreover, the results showed that experts didpniobarily focus on features
that were crucial for identifying a locomotion patt. Instead they mainly
concentrated on features that allowed identifyimg fish species; these features were
not related to a locomotion pattern at all. In limigh Boshuizen and Schmidt (1992)
this finding indicates that experts use knowledgsenl shortcuts, like using the
features associated with a fish species, activahegappropriate schema, which also
contains the knowledge on the locomotion pattemddhce that experts used this
strategy can be found at both the conceptual aadénceptual level. For instance,
experts often began their cued retrospective repmith mentioning the fish species
and had longer gaze durations on AAOQI relevantsfzecies classification compared
to novices. These findings confirmed Hypothesis 3.

Furthermore, the results from cued retrospectieponting revealed that
although experts used indeed more technical tewlsich encapsulate their
knowledge (cf. Boshuizen & Schmidt, 1992), they didt use less words than
novices, contrary to the assumptions of Ericssah&mon (1980) and Hypothesis 5.
This finding may be due to the fact that novicemalerbalize little because they lack
knowledge. However, it might also be due to theafseues for retrospective reports.
Cued retrospective reports seem to be a suitableashéo enable experts to inspect
their cognitive processes during task performanéan(Gog et al., 2005). Hence,
cueing reports by means of gaze replays may bedstit overcome the potential
drawbacks of retrospective compared to concurratéd @n strategy use that have

been noted by other researchers (Brinkman, 1993).
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Finally, the similarity of sequences of gaze aloans was investigated at a
perceptual level. The results showed that expeats & more diverse gaze pattern
compared to novices. This finding is in line witlypdthesis 4 and with the results of
Medin et al. (2006) on experts classifying fish @ps. There are several possible
explanations for this finding: It might either beat experts act upon their individual
case-based knowledge rather than upon a more gekoivledge base that many
experts share. Or it might be that experts userskvstrategies, while novices use no
strategies at all and thus their gazes convergedra more neutral pattern that might
be, for instance, influenced by salience. Indeetias to be noted that the group of
experts was rather diverse (i.e., advanced Phlestads well as professors), which
might have led to a diversity in strategies reagltin a high variability of the

perceptual patterns.

4.1. Limitations and implications of the study

The present study has at least two potential ditoihs. The first is the small
number of participants, which is, however, not unomn in expertise research as
experts are scarce. There is a relatively smallbarrof specialists in marine zoology.
Still, because of the small sample size, care dide ttaken in interpreting the results
from this study. The second potential limitatiomcerns the stimulus material itself.
The videos were chosen with the help of a domaipedxin such a way that all
features needed in ordé&v classify the particular locomotion pattern wetearly
visible. However, because the fish moved, the esleareas of a fish were not always

entirely visible as they were sometimes partly eahed for a short time due to the
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fact that the fish had changed its relative positio the camera. These facts might
lead to generalization problems.

Nonetheless, the present study suggests somesshigy implications for
teaching novices perceptual and conceptual stetegi experts. Novices need to
acquire factual knowledge that enables them toesgptheir observations correctly.
However, to gain this factual knowledge, they needknow what to observe.
Therefore, since experts pay more attention tovasiefeatures of the locomotion
pattern at a conceptual level as well as at a paraklevel, novices may benefit from
instruction that contains attentional guidancertteo to recognize relevant body parts
involved in the locomotion patterns. It has beemvah that thought processes
(conceptual strategies) of experts can be taugattty (Van Gog, Paas, et al., 2008).
Thus, a form of cueing (see Boucheix & LowWd;1S ISSUE; De Koning, Tabbers,
Rikers, & PaasTHIS ISSUE) by guiding novices’ attention based on experi& e
movements (cf. Van Gog, Jarodzka, et al., 2008htrédso be effective, especially
for highly visual tasks dealing with complex dynaratimuli.

The results from the present study provide firestshon how such attentional
guidance could be designed in order to be usefuh@ivices. First, expert-novice
differences in cued retrospective reporting shoat #xperts do not have difficulties
in verbalizing their reasoning with this reportirtgchnique (a drawback that
concurrent reporting might have). Thus, it is pbkesito acquire experts’ eye
movements as well as cued retrospective verbadizatior instructional purposes,
that is, the experts can act as a model for a sefidestrategy for novices, in
particular when experts would be instructed to axpall technical terms used.

Second, the findings indicate that each experthinigave her or his own

understanding of what is relevant. For instancestresperts focused on features that
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were relevant for the species classification sgpat@ther than on features that were
relevant for the locomotion description strateglyud, findings from the present study
lead to the assumption that it might be more megninto use the perceptual
processes from one carefully chosen expert forunogbnal purposes instead of
averaging across several experts. They also sugigasta direct use of experts’
process data for instructional purposes might iveays be useful for novices. Rather,
to be useful for novices, experts’ should modellte®motion description strategy as
it is taught. Thus, additional instructions for exg to “behave in a more didactic
manner” are probably needed.

In sum, the present study has provided some ingiyh expertise differences
concerning the perception and interpretation of glery dynamic visual stimuli, also
in terms of the underlying processes of task perémce, and seems to hold

promising implications for instructional designtims area.
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Appendix A. Additional tools programmed for the analysis of the eye tracking

data.

Defining “Dynamic” AAOIs

The computer tool that enables the transformatbrAOls to “dynamic”
AAOIs was programmed in Java (java.sun.com). Tlpatifiles are ClearView 2.7.0
output .txt files. The tool first calculates the @lirime for each AOI across all 100
ms segments per video. It then aggregates the Af@ts AAOIs (relevant for
locomotion, species, both, or irrelevant) acrosdaalr videos. In addition, the tool
generates a sequence of the AAOIs for each vidéachwserves as input for the

sequence analysis tool. All output of the tooliigeg in .txt files.

Sequence Analysis

The computer tool that was used for the sequenalysis was programmed in
Ruby (www.ruby-lang.org). The input data files ameTXT file types, which were
converted in CSV file types. The output data fées in TXT file types. The program
calculates the edit distance and the similarityc@etage between two strings
according to Levenshtein. The program can be amsdesat the URL

code.google.com/p/eye-tracker-tools.
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Table 1

Coding system for the locomotion pattern descriptio

Technical term?  Which part moves? How does it move?
1 point 1point 0.5 point 1 point 0.5 point
Video 1
Tetraodonti Anal and e.g., upper and Oscillating e.g., moving
dorsal fin lower fin like a paddle
Video 2
Subcarangi Caudal fin e.g., back part Undulating g.,evavelike
Video 3
Labri Pectoral fins e.g., frontal fin  Oscillating .ge moving
like a paddle
Video 4
Balisti Anal and e.g., upper and Undulating e.g., wavelike
dorsal fin lower fin
Table 2

Overview of relevant and irrelevant parts of thegaented fish according to the locomotion descriptio

strategy and the species classification strategglfdour videos

Relevant Irrelevant Technical term

Locomotion description strategy

Video 1 Dorsal and anal fin Pectoral, caudal fimj @ye Tetraodonti
Video 2 Caudal fin Dorsal, anal, pectoral fin, atidpes Subcarangi
Video 3  Pectoral fin Dorsal, anal, caudal, pectéirgland eye Labri

Video 4 Dorsal and anal fin Caudal, pectoral fiye,eand taint Balisti
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Species classification strategy

Video 1 Dorsal, anal, pectoral Caudal fin Arothron hispidus
fin, and eye

Video 2  Stripes Caudal, dorsal, anal, and pecforal Anisotremus
virginicus

Video 3  Pectoral fin Dorsal, anal, caudal, pectéirland eye Thalassoma lunare
(female)

Video 4 Taint Dorsal, anal, pectoral, caudal fing@ye Cantherines
macrocercus

Table 3

Means (and Spin milliseconds for the four AAQIs as a functiohexpertise level per video

AAOI Experts Novices

Distribution of gazes for the first four secondsath video

Relevant for species classification 375.00 (23%.3 160.36 (124.60)
Relevant for locomotion pattern description 785(93.02) 122.50 (143.56)
Relevant for both strategies 268.57 (47.85) .2D489.72)

Irrelevant for both strategies 2054.30 (280.53) @883 (216.85)
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Table 4

Means (and SD) in percent for the four content $y@ea function of expertise per Video in the two

time slots
Content type Experts Novices
Initial utterance
Relevant for species classification 39.00 (31.75) .25%10.75)

Relevant for locomotion pattern description 21.3P.50) 28.50 (23.75)
Relevant for both strategies 14.25 (19.75)  28.805Q0)

Irrelevant for both strategies 7.25 (12.25) 12 88.25)

Utterances for entire task performance
Relevant for species classification 57.25 (23.75) 6.72 (20.75)
Relevant for locomotion pattern description 78.50.25) 50.00 (9.75)
Relevant for both strategies 50.00 (0.00) 42.7528%

Irrelevant for both strategies 60.75 (43.00) 752®O00)

Values do not add up to 100%, because off-toperatices were not taken into account.
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Fig. 1. Screenshots from the fordeos used in the study.

o -

S| _Tracking by Taobii

Fig. 2. Screenshot of an exemplary gaze replaye(g on 100 ms segment). In the replay, only one
dot indicating the fixation was visible at a timedamoved across the screen (suggested here by the

different dots).



