Realism in Dynamic, Static-Sequential, and Satic-Simultaneous Visualizations
during Knowledge Acquisition on Locomotion Patterns

Birgit Imhof (b.imhof @iwm-kmrc.de)
Knowledge Media Research Center, Konrad-Adenauais§t 40, 72072 Tuebingen, Germany

Katharina Scheiter (k.scheiter @iwm-kmrc.de)
Knowledge Media Research Center, Konrad-Adenauais§t 40, 72072 Tuebingen, Germany

Peter Gerjets (p.gerjets@iwm-kmrc.de)
Knowledge Media Research Center, Konrad-Adenauais§t 40, 72072 Tuebingen, Germany

Abstract

In the current study the level of realism in viszations and
the role of diverse presentation formats of dynamra

different static visualizations in a complex, dynarmdomain

(locomotion pattern classification) were investeght In a
two-by-three design with the two independent factaalism
(realistic, schematic) and presentation format é&iyic,

static-sequential, static-simultaneous) one hundret

twenty university students were randomly assignedsik

conditions. Learners had to learn how to classifsh f
according to their locomotion pattern. Learning comes
were measured by two pictorial tests, assessinggnégon

and transfer performance. Data analyses showedwamtage
of the dynamic conditions over the sequential cooat in

both recognition and transfer performance. Simeltas
visualizations did not lead to different learningg@omes than
either dynamic or sequential visualizations. Moeouvhere
was no main effect for realism or an interactionredlism
with presentation format. Implications for the dpsiof

instructional materials are discussed.
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Amount of realistic detail

In general, visualizations have the potential tqpsut
learners’ understanding in complex and dynamic dosna
However, visualizations are a broad field with wvad
formats and functions (cf. Scheiter, Wiebe, & Halzaa,
2008). An important question is under what condgidhe
specific benefits of different visualization forraabccur
(e.g., Tversky, Bauer-Morrison, & Bétrancourt, 202

As identified by Hoffler and Leutner (2007) in theneta-
analysis, an important dimension of visualizatioesign
concerns the amount of realistic details depicfextording
to Rieber (1994) “realism is somehow measured ag#ire
likeness of the object the picture is supposeceprasent”
(p. 148). This similarity is achieved by copyingetheal-
world referent with respect to shape, details, uext or
color. The few empirical comparisons of realistinda
schematic visualizations have yielded inconsistesitilts so
far (cf. an overview Scheiter et al., in press).

Due to their high resemblance with depicted regbatb
realistic visualizations may facilitate their reodtgn (e.g.,
Goldstone & Son, 2005; Hoffler & Leutner,
However, they also entail more irrelevant detailsd a
therefore might direct learners’ attention awaynfraghe

2007).

important aspects (Dwyer, 1976). By schematizing
visualizations, relevant aspects, which might Hécdit to
detect in reality, can be presented in an easipetoeive
way. On the other hand, learners studying schematic
visualizations might have difficulties when beingnéronted
with real-world phenomena. Dwyer (e.g., 1976) dildtaof
research on the question what amount of realistitaid
depicted is useful in static visualizations. It kbbe shown
that the relative efficiency of realistic and sclatin
visualizations depends on several factors. Firsalbfthe
learning goal has an influence, because what habeto
learned may lead to different needs for information
regarding details or more schematized aspects. h&not
important aspect is the presentation method, tbatthie
interactivity in the form of self-controlled verssystem-
paced learning environments.

Our assumption is that in a learning task aboutenwmnt
pattern classification only details necessary favement
recognition should play an important role. Additdg, the
presentation format of the visualizations also rhiggive an
influence. In line with the latter assumption, theeta-
analysis of Hoffler and Leutner (2007) found dynami
visualizations particularly effective when they agalistic.

Presentation for mats of visualizations

A second and probably the most common differemtiatf
visualizations is the one between dynamic andcstaties.
There are several meta-analyses concerning coroparis
between animated and static displays, which led to
equivocal results so far. Park and Hopkins (1968l that
dynamic visualizations were better than static anekb out

of 27 comparisons, whereas there were no diffeeence
between dynamic and static visualizations in threai@ing

12 comparisons. Interestingly, in none of the ssditatic
visualizations were superior to dynamic ones.

In the meta-analysis of Hoéffler and Leutner (20@r)
overall advantage of instructional animations (idynamic
visualizations) over static visualizations couldfbend.

Tversky and colleagues (2002) questioned in thesiremv
the findings that dynamic visualizations are in eh
superior to static ones and identified two aspewafsich
may explain the advantages of dynamic visualizatidiirst,
in a couple of studies (see Tversky et al., 2002, &n
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overview)
information than the static ones. This additiomébimation
may have caused the better learning outcomes adndiyn
conditions. Second, many of the dynamic visualretiare
interactive. Following Mayer and Chandler (2001)
minimal amount of interactivity already leads tottbe
learning outcomes. Hence, if the dynamic visudlrais
interactive and the static one is not, the intévdgtand not
the dynamic aspects may be the reason for betienifey
outcomes in the dynamic conditions.

The inconclusive result pattern indicates thateheay be
moderators that will have an impact on whether dyina
visualizations are superior to static ones or fdee(sky et
al., 2002). Accordingly, in the last few years marel more
studies have aimed at identifying crucial aspedisat may
act as moderators — concerning the effectivenedgratmic
visualizations. Some beneficial conditions undeicithe
potential of dynamic visualizations could be tappgede
already been identified. For example,
colleagues (2002) postulate the congruence priacipl
whereby animations are effective in the case the t
learning content can be directly depicted in theadyic
materials because it is dynamic itself. Thus, dyisam
visualizations should be especially suited to cgnve
knowledge about dynamic domains. Furthermore, tham
analysis of Hoffler and Leutner (2007) found dynami
visualizations superior to static ones especialhem the
dynamic  visualizations  involved  procedural-motor
knowledge. Additional supporting evidence for the
superiority of dynamic visualizations has been fbuvith
hand manipulative tasks (i.e., human motor skillgres et
al., 2009; Wong et al., 2009). Although the supisioof
dynamic visualizations regarding movement has leend
exclusively for human movements so far, it can piad
that human motor skills are an example of whatabed
biological motion (Johansson, 1973). Hence, theedat
findings may suggest that dynamic visualizatiores lastter
suited to convey biological motion in general.

Moreover, how effective a dynamic visualization aso
depends on the fact to what the dynamic visuabnats
compared with. There are several different presienta
formats of static visualizations which may all seras
objects of comparison for dynamic visualizations.

The presentation of static pictures can vary watpect to
different aspects. For example, the number andsittes of
pictures shown may be different; the duration o€ th
presentation of single pictures may vary with tloatent;
and of course the presentation format of statioaligations
regarding their sequentiality can be different. tifé static
pictures may be presented either sequentially, ifjabne
after another at the same position on the screethab
earlier pictures are replaced by later ones,
simultaneously, that is, all together on one page.

the dynamic visualizations entailed moreelements is easier in a sequential presentatiorialabnost

identical spatial positions. However, a sequential
presentation of multiple static visualizations isrmsimilar
to a dynamic presentation, because it is still diemt

a(Hegarty, 2004, Lowe, 1999). On the other hand,ain

simultaneous presentation the depicted informatgmnains
visible on the screen and therefore comparisonsngmo
discrete steps are enabled. Additionally, learneem
regulate the pacing of the cognitive processing.

The question of how to present static pictures hais
been considered in the aforementioned meta-anabsds
reviews. Static visualizations have often been ledp
together into a single category, whose effects when
compared to dynamic visualizations. Up to now, ¢hare
barely any studies concerning the sequentialitystattic
visualizations (sequential versus simultaneous) #mel
possible benefits these options offer. One excepi® a
study by Boucheix and Schneider (2009), who shotlheat

Tversky andn a mechanical domain, simultaneous static pisture

improved performance compared to sequential ones an
were as good for learning as dynamic visualizatiorse
results of this study are a first indication thatjsential
static visualizations are worse than simultaneaeso

Resear ch Questions

In the current study we first tested whether dymami
visualizations are superior over both (sequentiad a
simultaneous) static formats and whether simultaseo
representations show benefits over sequential dnes
complex, dynamic domains. Second, we were intedeste
whether realistic or schematic visualizations arngesior in
complex dynamic domains concerning locomotion paste
classification and whether realism in visualizasion
moderates the effectiveness of different presemtdtirmats
(i.e., dynamic, sequential-static, and simultanesiatic).

Experiment

Method

Participants. One hundred-and-twenty university students
(average age: 24.23 yeaSD = 3.90; 91 female and 29
male) were randomly assigned to one of six conukitio
resulting from varying the two factors realism and
presentation format (dynamic-realistic, dynamicesohtic,
static-sequential-realistic, static-sequential-sthigc, static-
simultaneous-realistic, and static-simultaneou®switic).

Learning domain and materials. Students were asked to
learn how to classify fish according to their loautian
patterns. Biodiversity is a central concept in gy

oeducation. There are more than 20,000 species sbtf fi

known in the world today. Among these not only ehri

The two presentation formats, namely sequential andariety of forms and colors, but also a rich varief

simultaneous presentation of multiple static piesican be
characterized by different benefits and drawbacks f
learning. On the one hand, the temporal alignmértsual

adaptations related to swimming behavior can bervbsl
(Videler, 1993). For biologists it is necessary @cquire
knowledge about fish locomotion, because of attleas
reasons: First, knowledge about different fish tootion
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forms is helpful to classify diverse fish families species.
Second, the various movement patterns are relatseiveral
important principles in biology (e.g.,
adaptation) and principles in other sciences (physics).
The materials were designed to illustrate four edéht
types of movement patterns (subcarangiform, bfdrsti,
tetraodontiform, and labriform) deployed by diffetd¢ypes
of fish. As a first independent factor we manipeththe

every still and frame of the dynamic visualizatioves used
in the static versions. There were two differenatist

evolutionary conditions. The static visualizations were presgregher

sequentially one after another or simultaneouslyogjether
on one page.

The dynamic visualizations (approx. 4-10 s; 25 fpsye
presented in loops for 72 seconds. The static sdiglie
visualizations were presented successively twiaeféar

realism of the visualizations to investigate under whichseconds each in the same size as the dynamic izesi@hs
conditions certain visualization formats supporte th (480 x 360 px). For the simultaneous static visaions

understanding of fish locomotion. We
experimental  conditions that contained
representations of movement patterns (real digit#os or
sequences of stills, see Figure 1 left) to condgidhat
contained schematic representations (animations

comparedthe same pictures were used as in the sequentiditms
realisticand were presented for 72 seconds all together ma o

screen. The pictures’ size was half (240 x 180ghxthe size
of the dynamic and the sequential static visuabrat

orherefore, there was no need for the subject tollscr

sequences of frames, see Figure 1 right). The diynmam because all nine pictures fitted to the screemeto

realistic visualizations were real underwater vlebactual
fish, where the movement pattern could be obsemesg
well (e.g., relevant fins were visible, few occluss etc.).
The animations consisted in black-and-white lineawdngs
of the fish moving, where irrelevant details weedt lout
(e.g., texture, surroundings, variations in shatme).eThe
animations were constructed based on the real sideo

make them as comparable as possible regarding otherovements executed

aspects (e.g., perspective, size of the depicsid. fi

Figure 1: Example of realistic (left) and schemétight)
static visualizations of the labriform locomotioatfern

To investigate whether dynamic representations naoee
suitable than static sequential and static simalias
representations to support students’ understandfnfish
locomotion classification and whether static simnéous
representations show also advantages over seguenga
in complex dynamic domains, we varigaresentation

In the learning phase the participants saw visattins
for each of the four to-be-learned locomotion paten a
predefined order according to the classificatiohesae of
Lindsey (1978). The presentation was system-cdaett@nd
accompanied by auditory text. The text explainee th
depicted locomotion pattern in terms of typicahfigsing
this locomotion pattern, body parts or fins invaly&ind of
(undulation versus oscillation),
parameters of the movements (e.g., visible wavéieng
the moving parts, amplitude), and the maximum \vigfoc
The important features of the locomotion patternsrew
depicted additionally in a table located above the
visualizations during the learning phase in eacaiditmn.

In a former study, we tested the same material® wit
pictorial tests and also with a text-based fackmwledge
gquestionnaire assessing declarative knowledganénwith
Bétrancourt and Tversky (2000) dynamic visualizatio
were superior only in the pictorial tests assessimye
procedural-based knowledge concerned with thetgphii
identify the locomotion patterns of different fisthese tests
are most suited to address the key learning obgdti this
domain and were hence used again in the currenlty.stu
First, there was a movement pattern recognitiort tes
consisting of 24 pictorial multiple choice items.
Visualizations from all six conditions were usedttiis test
as stimuli that had to be recognized. Learnerstbahoose
for each pictorial item the kind of locomotion patt that
was depicted. Possible answers were the four lotomo

format as a second independent factor. We comparegatterns and the additional answer “I don’t kno#igure 2

experimental conditions that contained non-intévact
dynamic representations of movement patterns tditons
that merely contained a series of static repretienta of

shows a static the balistiform
locomotion pattern.

Second, a multiple choice transfer test consistihd.2

recognition task for

one movement cycle of these movement patterns. Agems that depicted “new” fish that had not beeespnted

dynamic visualizations we used videos and animatids
static visualizations we used multiple stills angnfies
extracted from the dynamic visualizations. Ninetista
visualizations were extracted from the videos awanfthe
animations for each locomotion pattern, therebyieadhg
the same quality of the pictures. The static vigaibns
were chosen by an expert and represented key states
complete movement cycle for the respective locoomoti
pattern. Because fish movement cycles are very dlrast

in the learning phase was administered. As for the
recognition task, for these pictorial items of nofish the
subjects had to choose the depicted locomotiorepafcf.
Figure 2). The movement patterns were clearly iflabte
in the transfer test videos, but the fish had déife forms,
shapes, and colors than those used in the leaptiage.
The transfer test was used to assess how goocetsarauld
transform their acquired knowledge on new fish gering
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familiar locomotion patterns. Because typical sciesafor
this task are realistic ones with real fish (eaquaria,
snorkeling or diving trips), all 12 transfer itemere tested
in realistic format, four of them in static-sequiehformat,
four in static-simultaneous format and four in dyia
format.

© subcarangiform
 balistiform

7 tetraodontiform
" labriform

| don't know

Figure 2: Screenshot of a realistic static-seqaénti
recognition task of the balistiform locomotion att

Table 1: Means (and standard deviations) in peroemect
as a function of realism and presentation format.

Recognition  Transfer
dynamic-realistic 86.88 77.50
(17.69) (24.35)
dynamic-schematic 83.33 76.67
(20.72) (23.97)
static-sequential-realistic 65.42 54.58
(27.01) (28.67)
static-sequential-schematic 68.13 55.83
(19.70) (22.96)
static-simultaneous-realistic 77.50 61.67
(22.35) (28.66)
static-simultaneous-schematic .+ 70.00
(24.24) (24.69)

There were no interactions between the two independ
variables realism and presentation format for the t
dependent variables recognition and transfer.

Discussion

Procedure. Participants were tested individually. They first The objective of this study was to test the refativ
got a short overview on the study in which they aver effectiveness of different visualization formats faster
informed about the procedure. Subsequently, they toa knowledge acquisition in the complex dynamic domaiin
complete a personal questionnaire assessing depiogra classifying biological locomotion patterns.

data. Then, they had to read a paper-pencil-based The results are in line with the hypothesis thataigic

introduction (four pages). Thereafter, they stamath the
computer-based learning phase (approx. 10 minalllyin
learners worked immediately after the learning phas the
different tests (approx. 15 min). In total, an expental
session lasted approximately 55 minutes.

Results

We conducted two-way independent analyses of vegian
(realism x presentation format) for recognition drahsfer
performance (results are shown in Table 1). Becafse
space limitations, statistical values are only régmb for
significant results.

Analyzing the effects of realism on learning outesm
revealed no differences between the realistic @heratic
conditions for both, recognition and transfer perfance.

With regard to presentation format, the analysieaéed
overall main effects for both, recognitidr(2, 114) = 6.84,
MSE=491.18p= .002,112p = .11 and transfer performance,
F(2, 114) = 7.27,MSE = 657.99,p = .001, nzp A1,
Bonferroni-adjusted pairwise comparisons revealbdt t
dynamic visualizations led to significantly bettecognition
(M =85.10 %,SD = 19.10) and transfer performandé €

visualizations are beneficial for conveying knovwgedabout
dynamic movements. Furthermore, the results inelitiaat
the sequentiality of the static presentation forrhas an
influence on learning outcomes. The sequentialgmtasion
of static visualizations was worse in comparisonthe
dynamic presentation format. In contrast, the siamdous
presentation of static visualization did not diffeom the
dynamic presentation in a biological domain, thgreb
replicating the findings of Boucheix and Schnei(009).
This was the case although in the current studyachjyo
visualizations were compared to either sequentially
presented or simultaneously presented visualizationa
completely different domain than the one used byddeix
and Schneider (2009; mechanics) containing mainly
procedural aspects. These findings lead to the tigunes
whether in former studies and meta-analyses infooma
about the presentation format of the static coodii may
have shed light on the inconsistent results coricgrthe
superiority of dynamic visualizations. In futuresearch and
following meta-analyses the factor sequentialityhef static
presentation of visualizations should be considered
Additionally, there is the need to further addrgsestions

77.08 %, SD = 23.85) than sequential visualizations concerning the effectiveness of different statiesentation

(recognition:M = 66.77 %SD = 23.37; transfeiM = 55.21

%, SD = 25.65; allps< .001). The simultaneous conditions

(recognition:M = 75.83 % ,SD = 23.08; transferM = 65.83
%, SD = 26.74) did not differ in their performance from
either the dynamic or the sequential conditions.

formats that include more aspects than only sedplint
but also the number and the size of the pictures/slor the
duration of the presentation of single picturesntention
only a few.

A sequential presentation of static visualizatiomsthe
presentation format that is most comparable withadyic
visualizations. Like in dynamic visualizations teere only
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few visual search and comparison processes posdibke
comparison of various aspects and objects at diftgpoints
in time is not possible. Hence, this presentationmét is
almost as transient as dynamic visualizations (Hgga
2004). The results show that this visualizationnfat in
comparison to dynamic visualizations has no beifefithe
transmission of knowledge in complex dynamic dormain
Simultaneous static visualizations, on the otherdhallow
learners to compare important states of the objécteur
study we could show that simultaneously presentatics
visualizations are as good for
visualizations. This result suggests the possybilihat
learning about locomotion pattern classificatiopaleds not

learning as dynamidn this domain.

(Ainsworth, 1999). Showing both realistic and schém
visualizations to learners may improve learning dowider
range of tasks compared to studying only one vigaiibn
format. However, for this approach to be effectiteneeds
to be guaranteed that both formats have individtrangths
for accomplishing different tasks and that the neas will
invest sufficient effort in processing both formatsd in
relating them to each other (Scheiter et al., @sg).
Another possible solution is to combine differemtcaints
of realism in a single visualization to support erstanding
Realistic visualizations facilitatan
assessment of the movement as a whole, which ssffar
recognizing the global pattern. Therefore, it isgible that

only on the continuity of the movements, but also o only the realistic details on the moving object ¢ur case)

comparisons among different states of objects. &fbeg, an
open question is whether
presentation formats, which may even outperformadyic
presentations, because they facilitate comparisomeng
the important states of the objects in an everebetay. In
the present study the simultaneous static visu@izawere
depicted in a row, where comparisons mostly haddo
made from left to right or vice versa. Another pblkes

solution would be to depict the simultaneous statiaeal

visualizations in columns, where comparisons havée
made from upper to lower positioned pictures oewersa.
Having in mind that the movement patterns of fisa all
cyclic (i.e., reiterating), a beneficial solutiorowd also be
to present the simultaneous visualizations in degywhat
avoids skipping back to the beginning of the roveaumn.
These possible simultaneous presentation formats
visualizations are investigated in a follow-up stud
(currently being under experimentation) that inigzdes
how different presentation formats affect
knowledge acquisition.

There were no overall differences in learning omtes
between realistic and schematic visualizations p&nents
of realistic visualizations have suggested thataalization
rich in detail should improve recognition becauseencues
are available that allow retrieving the resultingental

and not the realistic details of the background tegkpful.

there are simultaneou¥he benefits of realistic objects might be canckelbeit in

the present study by the irrelevant details conddye the
realistic backgrounds (e.g., coral reefs etc.). alparning
outcomes could be improved by showing the realdizils
on the moving object only, in our case the fishkd seducing
learners’ cognitive load by fading out irrelevargtalls of
the background. With the present materials comgjstf
videos and simple black-and-white
animations this aspect could not be addressedyuath it
should be controlled and investigated in furtheseegch.
Distinguishing between realistic details of theewant
objects and the background would be possible wighli
realistic animated models of the objects movinframt of a
highly realistic background. When there is the fnkty to

ddde out the realistic details separately eithemfrthe
objects or from the background, the benefits armvbdacks
could be systematically addressed. Such a desigihdwut

learners’only enable us to implement a medium amount ofigtal

details depicted; rather, it would combine the textreme
points by mixing them in a single visualization fgving a
realistic fish on a schematized background and versa.
This design is planned for a follow-up study inigsting
differential effects of realistic details referrintgp either
relevant or irrelevant aspects of the stimulus.

representation from memory (cf. Dwyer, 1976). These Creating highly realistic animations of the to-lke+ined

suggestions could not be confirmed in the presamys
Interestingly, even for the transfer test that ¢sted of only
realistic items there was no advantage of
visualizations in the learning phase in terms cbagruency
effect. In other words, schematic visualizationsravas
good for transforming knowledge to new
visualizations as realistic ones.

If both realistic and schematic visualizations Ispecific
advantages and drawbacks for learning, furtherarebe

contents rather than using digital real underweigeos as

in the current study has another important advantag
realistiAdditional

realistic details can be presented
systematically controlled way. That means
aspects, such as the perspective and the durafidheo

realistic presentation can be controlled. Especially the gestive

from which position the learner looks at the olgeah our
case fish, is important. For different locomotioattprns
different perspectives would be useful.

should focus on how to combine the advantages ti bo movements are easier to perceive from above, whdoga

formats, while reducing their relative drawbacksneO
possible solution is to present both, realistic ankdematic
visualizations, to learners. This approach can lest b
addressed against the background of research omiriga
with multiple representations, which allow provigin
instructional materials that are suited to accoma®d
learning in a variety of situations and for diffetdearners

paddlelike movements a perspective from the sideebind
the fish (depending on which fins are used for phsipn)
would be more preferable.

Additionally, the learning material could be intetige by
letting the learners choose the perspective orr@blpects
of the learning materials, such as the presentapaed or
duration. Future studies need to address whetlaenite
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with dynamic and static visualizations can be ferth Hoffler, T. N., & Leutner, D. (2007). Instructional

enhanced by making them interactive (Bétrancou52. animation versus static pictures: A meta-analysis.
In the current experiment, no interactivity was lined; Learning and Instruction, 17722-738.

thus, the dynamic visualizations could not be agldyfity a Johansson, G. (1973). Visual perception of biolalgic
learner to his/her processing speed. Neverthethsgmmic motion and a model for its analysiBerception and
visualizations proved to be superior to static aimations. Psychophysics, 1£201-211.

Moreover, in future research the validity of tharling Lindsey, C. C. (1978). Form, function, and loconmgto
materials should be addressed outside of the ladrgra habits in fish. In W. S. Hoar, & D. J. Randall (Bd&ish

Therefore, field experiments with knowledge tesisactual physiology (Vol. 2, pp. 1-100). New York: Academic
fish during aquaria visits or snorkelling excursioshould Press.

be investigated (cf. Pfeiffer et al., 2008; Pfeifft al., in  Lowe, R. K. (1999). Extracting information from an
press). animation during complex visual learnindgeuropean

The results of the current study reflect what some Journal of Psychology of Education,, 2R5-244.
researchers (e.g., Hegarty, 2004; Tversky et &02p Mayer, R. E., & Chandler, P. (2001). When learriggist a
already supposed. It should not be asked which kihd click away: Does simple user interaction foster pdee
visualization format is the most suitable, but whender understanding of multimedia messaged@urnal of
what conditions, and for whom the specific advaesagf Educational Psychology, 9390-397.
various visualization formats occur. This also iplto  Park, O.-C., & Hopkins, R. (1993). Instructionahdiions
make more use of pictorial test stimuli in futuesearch as for using dynamic visual displays: a reviewstructional
these stimuli seem to provide a more detailed awcou Science, 21427-449.
concerning the relative effectiveness of differentPfeiffer, V.D.l., Gemballa, S., Bizer, B., Jarodzkd.,

visualization formats (cf. Bétrancourt & Tversk@(D). Imhof, B., Scheiter, K., & Gerjets, P. (2008). Enbiag
students’ knowledge of biodiversity in a situatedhite
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