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Abstract
Multimedia learning research has shown that prasgitite same words as spoken text and as
written text to accompany graphical informationders learning (i.e., redundancy effect).
However, recent work showed that a “condensed” fofmritten text (i.e., on-screen labels) that
overlaps with the spoken text, and thus is onlyigiéy redundant, can actually foster learning.
This study extends this line of research by foagisin the usefulness of on-screen labels in an
animation explaining a procedural task (i.e., fast procedure). The experiment had a 2x2x2
between-subject design (N = 129) with the factpisken text (yes vs. no), written text (yes vs.
no), and on-screen labels (yes vs. no). Learningooues were measured as retention accuracy
and behavioral performance accuracy. Results shthvetan-screen labels improved retention
accuracy (but not behavioral performance accurati)e procedure, especially when presented
together with spoken text. So, on-screen labeleapio be promising for learning from

procedural animations.

Keywords: Verbal Redundancy; Instructional Animati®rocedural Task; Cognitive Load
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Multimedia instructions typically contain informati in graphical (e.g., picture, animation) and
verbal (e.g., spoken text, subtitles) format (Map&09). Whereas the graphical information
usually consists of either a diagram, picture, grapanimation, for the verbal information a
critical decision involves whether this informatishould be presented as written and/or spoken
text. Nowadays, it is increasingly being acknowkedly multimedia researchers that learning
from graphics is hindered when accompanied by sptdd and on-screen written text that
simultaneously present the same verbal informatimer than by spoken text alone (e.g.,
Moreno & Mayer, 2002). This has become known ag\ibebal) redundancy effect (Mayer,
2005). To explain the impeded learning performaarggng from having to process redundant
information, researchers typically turn toward dognitive theory of multimedia learning
(Mayer, 2005) and cognitive load theory (SwellemWMerriénboer, & Paas, 1998). According to
these multimedia learning theories, informatiopnscessed in working memory through visual
and auditory channels, both of which are limitedhi@ amount of information that can be
processed at the same time (also see Paivio, 19B6)implies that when written text, which is
identical to the spoken text, needs to be procesisaaltaneously with the graphical information,
the visual channel likely suffers from an excessimeunt of cognitive load or is overloaded.
Consequently, relevant information might be missedannot be fully understood. More
specifically, reading redundant written text istamsed to induce extraneous processing (i.e.,
processing that does not contribute to learning) timnecessarily takes up working memory
resources, which means that less cognitive ressaneeavailable for selecting the critical
information, and organizing and integrating thi®mmation into a coherent mental
representation (Mayer & Johnson, 2008). Additiond#arners have to spend cognitive

resources on trying to coordinate the written teitth the spoken text, which may increase
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extraneous processing and hence cognitive loadrking memory (Sweller, 2005). The
unnecessary cognitive load in working memory asdediwith processing identical (spoken and
written) verbal information and having to integrétes information from visual and auditory
sources is considered as a critical factor in erplg the redundancy effect (Kalyuga, Chandler,
& Sweller, 2004). Evidently, extraneous processimay disrupt cognitive processes associated
with effectively organizing the information in wanly memory and integrating all presented
information with prior knowledge. Hence, learnisgikely compromised.

Whereas the negative consequences of verbal redeydae most likely to occur if the
visually and auditory presented verbal informatoe identical (Adesope & Nesbit, 2012) and if
the verbal information is lengthy (Kalyuga, 2012h8ler, Scheiter, & Gerjets, 2013), recent
work shows that written text that has a lower degresimilarity to the spoken text, and thus is
only partially redundant, can actually foster leaga More specifically, Adesope and Nesbit
(2012) found in their meta-analysis that a partictype of “condensed” verbal information (i.e.,
a few on-screen words summarizing the key pointa@tpoken text) added to a narrated
multimedia presentation resulted in higher learrgams than fully redundant on-screen text.
More recent studies have provided converging eweédar this finding (e.g., Roscoe, Jacovina,
Harry, Russell, & McNamara, 2015; Yue, Bjork & Bfo2013). In other words, presenting so-
called “on-screen labels” simultaneously with spotext and graphical information is
associated with improved learning, even thoughdabisstitutes partially redundant verbal
information. It has been proposed that such a te®/aedundancy effect occurs because on-
screen labels emphasize the relevant terms andgshad the verbal explanation and after having
been noticed may draw learners’ attention to titecal information that then can be processed

more elaborately (Mayer & Johnson, 2008). Nexutblling such a signaling function (see Van
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Gog, 2014; De Koning, Tabbers, Rikers, & Paas, 208%ther aspect that might make partially
redundant verbal information (i.e., on-screen Igpeffective for learning is that it is presented
in the visual display at a location close to thapdrical element that it refers to (cf. spatial
contiguity effect; Mayer, 2009). This may incredéise possibility that relevant verbal
information is integrated with the graphical infation which fosters learning. Together, both
theoretical and empirical considerations favorghesentation of on-screen labels along with
spoken text and graphical information.

So far, beneficial effects of adding on-screenlgb®narrated multimedia presentations
have been investigated and confirmed in a growinglyer of studies. These studies have
focused on learning causal relations in naturaltendnical phenomena from sequentially
(Johnson & Mayer, 2008; Yue et al., 2013) and siamdously presented pictures (McCrudden,
Hushman, & Marley, 2014), comprehension of a bimalgsystem through a self-paced,
interactive diagram (Ari et al., 2014), acquiringtimg strategies from a video incorporating a
talking pedagogical agent (Roscoe et al., 2015) l@arning foreign language vocabulary using
simple and very short animated pictures represgilia to-be learned words (Samur, 2012). The
present study contributes to this prior work antéeds it in three ways. That is, we focus on
investigating the usefulness of on-screen labglg(an instructional animation, (2) for learning
a procedural task (i.e., first-aid procedure), 8)dapplying a behavioral performance measure
as outcome variable in addition to a cognitive penfance measure (e.g., retention test).

By focusing on on-screen labels in learning a placal task from animation, we
contribute to an emerging line of research. Typycahe topics investigated in animation
research are the functioning of causal systemgiodjical, technical, or natural phenomena

(Mayer, 2009). There is much less research onilegprocedural tasks, that is, tasks involving
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motor actions that a person performs to achievedteired goal (Van Hooijdonk & Krahmer,
2008; for a more in-depth discussion, see Van Gaeagvan Hooijdonk, Schiler, & Scheiter,
2014). In such tasks, learners need to acquireedroel motor knowledge, i.e., knowing the
object and its spatial relations and the actioas ltlave to be performed (Glenberg, 1997).
Animations are very suitable for visualizing progeal information because they can
simultaneously present all of these aspects wdtsimgle display. Recently, the interest in
learning procedural-motor skills from animationsl&m videos has grown considerably mainly
due to the widespread availability of instructioaalmations and videos aimed at teaching these
skills on the World Wide Web and/or as offline slgmpentary learning materials. This has
resulted in an increasing number of studies onttdpi during the past few years (e.g., Castro-
Alonso, Ayres, & Paas, 2015; Ganier & de Vries,@arcus, Cleary, Wong, & Ayres, 2013;
Wong, Castro-Alonso, Ayres, & Paas, 2015). Howethezse studies are primarily interested in
whether animations and videos are more suitableearhing simple hand-manipulative tasks,
like folding origami figures, than static picturasd typically involve animations and videos that
are not accompanied by verbal information. Evetihénstudies in which verbal information is
added to the animations and videos, it is donkerfdrm of spoken text. So, it is yet unknown
whether on-screen labels facilitate or hinder legyfrom procedural animations. For reasons
mentioned earlier, it could be expected that oeestiabels help to draw attention at the right
moment to the right part of the depicted procedutkin the animation facilitating the
integration of (visual and auditory) verbal andgjriaal information. Particularly for animations
this might be helpful given that they continuoughgsent information in rapid succession
requiring learners to look at the right informatatrthe right time (De Koning, Tabbers, Rikers,

& Paas, 2010, 2011; De Koning & Jarodzka, in prédsyreover, for the procedural task
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investigated in this study (i.e., safely removing&im from an area of danger) the verbal
information is needed in order to accurately penftine procedure. Therefore, it is also possible
that the on-screen labels serve as “memory pegs/hich more detailed narrated explanations
regarding the procedure is hung, supporting learimeorganizing (and hence retrieving) the
relevant information in their mental representation

Furthermore, the fact that we examine learningoggutural task offers the possibility to
investigate whether the beneficial effects of oreen labels can also be obtained on
measurements other than those targeting learnederstanding at the cognitive level. More
specifically, we can get insight into learners’ &eloral performance by measuring how well the
learned procedure is executed instead of onlyrrglgn more traditional measures that examine
how well the presented information is incorporateéd an accurate mental representation. By
asking learners to actually perform the procedsri¢ would occur in a real-life situation, the
learning and transfer of information can be asskssa@e directly and in an ecologically-valid
way than having to infer this from typically usedegtionnaires. Until now, such a more direct
testing approach has not been applied to the sifidg-screen labels so it is unclear whether
effects of on-screen labels translate to actuahbieh. In doing so, the present study answers the
call of recent proposals in aligning the type dbimation that should be learned (i.e., a
procedural task) to the performance measure éxecuting the task) (Lowe, Schnotz, & Rasch,
2011).

In sum, the present study aimed to investigate drain-screen labels are helpful in
learning a procedural task from an animation. T® ¢md, participants studied an animation
explaining how to safely remove a victim from araof danger in which we varied whether the

verbal information was presented as spoken texttenrtext, and/or on-screen labels. Based on
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the above, we expected that adding on-screen lab#ie animation would be particularly

helpful when presented together with spoken textp&rticipants studying this partially verbal
redundant presentation should be able to more aistyrdescribe (i.e., retention accuracy) and
perform (i.e., behavioral performance accuracy)éaened procedure after studying the
animation than when no on-screen labels are preg@mntwhen on-screen labels are presented
along with the complete verbal information as \enttext or as written and spoken text.
Furthermore, it was explored whether on-screendatmild be used as a replacement for
complete verbal information without reducing retentaccuracy and behavioral performance
accuracy. Given that in the animation the differgeps in the procedure are clearly visualized, it
is possible that only a few keywords summarizirgebmplete verbal information are sufficient

to understand the procedure.

M ethod

Participants and design

Participants were 129 university students (95 fes)@34 males) from a large university in
the north-western part of the Netherlands. Theiamege was 24.05 yeaS¥= 8.19) and 62%
of them had no prior experiences with first-aidiiastions. The study conformedto a2 x 2 x 2
design with the factors Spoken Text (yes vs. najitév Text (yes vs. no), and On-screen
Labels (yes vs. no) as between-subjects factorglepgted in Table 1, this yielded eight
experimental conditions to which participants wenedomly assigned. The participants in the
eight conditions were comparable concerning thger @(7,121) = 1.09p = .372), genden{(7)
=7.20,p = .408), and prior knowledge regarding first-aidgedures,&(7) = 9.84,p = .198).

Participation was voluntarily and participants ieed a small monetary reward (5 euros) after
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the study. Participants gave informed consent baseautinted information about the purpose of

the study.

INSERT TABLE 1 ABOUT HERE

Materials
The materials used in this study were presentedciomputer-based learning
environment, which was developed in Qualtrics. Trtegerials were electronically presented on a

22" computer screen.

Demographic questionnaire

The demographic questionnaire asked participantsdioate their gender, age,
educational level, and prior knowledge concernirgj-gid procedures. In line with Van
Genuchten et al. (2014), prior knowledge was galnyealsking participants to indicate whether

or not they had previously followed a first-aid ceel(yes vs. no).

Animation

The animation used in this study was obtained filo@online first-aid course of the
Orange Cross (www.mijnehbo.nl). The animation @eere 1, upper panel) showed a 12-step
first-aid procedure on how to move an unconsciadsw from areas of danger. The entire

presentation lasted 84 seconds. In the conditineiading spoken text and/or written text, the
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animation was accompanied by a text of 183 wordshutiescribed the steps involved in the
depicted first-aid procedure. The spoken text wasgnted in a male voice. The written text was
presented as subtitles at the bottom of the compateen just below the animation. For the
conditions with on-screen labels, in line with Magad Johnson (2008), each step described in
the text was rephrased into a two- or three-wogtition that summarized the key information
for that step. This resulted in 12 on-screen lathels were presented one at a time when the
moment the step it referred to was shown in thenation. On-screen labels were placed within
the animation above the corresponding step inithedid procedure. In the conditions wherein
participants received spoken text and/or writtes &émd/or on-screen labels, the different types
of verbal information were presented simultaneo(she Figure 1, bottom panel).

In four experimental conditions, this resultededundant presentation of verbal
information. In the conditions wherein on-scredrela were combined with spoken text or
written text there was a partial overlap betweenttio sources of verbal information. Complete
overlap between the different sources of verbarmation was present in the condition with
spoken text and written text as well as in the domdwith spoken text, written text, and on-
screen labels. In four conditions there was noaladdundancy: animation only, animation with
spoken text, animation with written text, and artisrawith on-screen labels. Participants had
the possibility to navigate through the animatidthva start/pause button and a slider to
forward/rewind the presentation. They could watehdnimation as often as they liked. To
control for possible between-group differences réigg their learning time, we measured
participants’ time spent (in seconds) on studylmganimation, which was automatically logged

in the computer-based learning environment.
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INSERT FIGURE 1 ABOUT HERE

Learning outcomes

To test how much knowledge participants had obthfrem studying the animation, we
used a behavioral performance test and a retet@ginThe behavioral performance test asked
participants to execute the first-aid procedurg thed studied using a first-aid dummy. For this
task, a first-aid dummy was lying on the floor gadticipants had to move it in a way they had
learned by pretending the dummy was a victim tlaak to be moved from an area of danger.
Participants were not provided any feedback orr fiformance during or after this task. This
way, it was possible to straightforwardly measuwadipipants’ procedural motor knowledge
regarding the first-aid procedure. Participantsidgoral performance was videotaped from two
angles to enable scoring afterwards. Behaviordbpaance accuracy was measured by the
number of steps that were performed both correxttyin the correct order. Participants could
score either 0 or 1 points per step. To assedsstireater reliability for behavioral performance
accuracy, two raters independently coded 20% ofi@dlos. The Cohen's kappa was .76. The
remaining 80% of the data were scored by a siragkr only. The total number of correctly
performed steps was calculated resulting in a mastirof 12 points. This score was converted
into a percentage reflecting the behavioral peroroe accuracy.

The retention test was used to measure the ansbumfbrmation that participants could
remember from the instruction. It consisted of@zeltest that contained the entire 183-word text

from the instruction in which 12 words were missiRg@rticipants’ task was to fill in the blanks
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with the correct words based on what they had &xhduring studying the animation.
Participants could score either 0 or 1 points pemeer. To assess the interrater reliability on the
retention test, two raters independently coded 20%l answers. Cohen’s kappa was .93. Based
on this, it was decided that the remaining 80%hefdata was scored by a single rater.

The total number of correctly performed steps wasutated resulting in a maximum of 12
points. This score was converted into a percentafigcting their accuracy in describing the

first-aid procedure (i.e. retention accuracy).

Procedure

Participants were tested individually in a singéeson of approximately 30 minutes.
First, they read and signed the informed consent.fdlext, they familiarized themselves with
performing a simple first-aid procedure on a fagt-dummy. For this task, which targeted a
first-aid procedure unrelated to the one in thenieq phase, participants received a paper-based
instruction describing three steps on how to tiltaim onto its side and back. Subsequently,
participants were seated in front of a computegestiand filled in the demographic
guestionnaire. After that, participants were instied to study the animation and were informed
that they would be tested for their knowledge atés study phase. Depending on their
condition, they watched the animation with/withgpbken text, with/without written text, and
with/without on-screen labels. After studying threnaation, participants engaged in a distraction
task in the form of a Sudoku puzzle which they ttadomplete within 10 minutes. Participants
then completed the behavioral performance testi@t by the retention test. No time limits
were set for the behavioral performance test aaddtention test. Finally, participants were

thanked for their participation and received tmeanetary reward.
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Results
A 2 x 2 x 2 multivariate analysis of variance (MANA) with the between-subjects
factors Spoken Text (yes vs. no), Written Text (y&sno), and On-screen labels (yes vs. no)
was conducted on the behavioral performance acgarad retention accuracy scores. Learning
time was not included as a covariate in this amalyisen that the time spent on studying the
animation did not differ statistically between #ight experimental condition&(7,121) = 1.49,

p=.178).

INSERT TABLE 2 ABOUT HERE

The MANOVA analysis revealed a significant maireetfof Spoken TexWilks'sA =
.85,F(2,120) = 10.86p < .001,17p2= .15). Overall participants in the conditions wsfoken text
showed higher retention accuracy and behaviorépeance accuracy regarding the first-aid
procedure than participants in the conditions witrgpoken text (retention accuraé€y1,121) =
21.69,p < .001,7,°= .15; behavioral performance accuraggt,121) = 5.77p = .018,,° = .05).
There was also a significant main effect of Writleaxt Wilks’si = .83,F(2,120) = 12.42p <
.001,77p2: .17), showing that overall participants in thaditions with written text had higher
retention accuracy regarding the first-aid procedhan participants in the conditions without
written text £(1,121) = 23.43p < .001,;7p2: .16). No such significant differences were found
on behavioral performance accuraby{1). The main effect for On-screen Labels appeactd

to be significant\Vilks’s 4 = .98,F(2,120) = 1.11p = .332,5,°= .02).
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Regarding the interacting effects, overall thees\a significant two-way interaction
between the factors Spoken Text and Written T@#tks'sA = .92,F(2,120) = 5.32p = .006,
np’ = .08), which was observed for both retention aacyi(1, 121) = 9.60p = .002,7,” = .07)
and behavioral performance accuralegl( 121) = 5.22p = .024,/7p2 = .04). Bonferroni adjusted
pairwise comparisons involving the four groups hasg from combining the factors Spoken
Text and Written Text -thus collapsed over the oresn label conditions- (groups: written text,
spoken text, written text and spoken text, no emitiext and no spoken text) showed the
following results (see Table 2). Participants ie #ritten text group (NST-WT-L and NST-WT-
NL together) had higher retention accurgoy(.001) regarding the first-aid procedure than
participants in the group without spoken and wmittiext (NST-NWT-L and NST-NWT-NL
together). Also, participants in the group with lsgo text (ST-NWT-L and ST-NWT-NL
together) obtained higher retention accurgcy (001) than participants in the group without
spoken and written text (NST-NWT-L and NST-NWT-Nigether). Similarly, participants in
the group with spoken text and written text (ST-Wand ST-WT-NL together) obtained higher
retention accuracyp(< .001) than participants in the group withoutksgpoand written text (i.e.,
NST-NWT-L and NST-NWT-NL together). Furthermorert@pants in the spoken text group
(i.e., ST-NWT-L and ST-NWT-NL together) outperforchparticipants in the written text group
(i.e., NST-WT-L and NST-WT-NL together) on behawabperformance accuracyg € .001). No
other significant differences were found.

Most interestingly, overall there was a significthimee-way interaction between Spoken
Text, Written Text, and On-screen Labaldilks’'s1 = .93,F(2, 120) = 4.51p = .013,/7p2 =.07),
which appeared to be confined to retention accufatly, 121) = 3.78p = .054,/7p2 =.30;

behavioral performance accura€yl,121) = 1.56p = .214,/7p2 =.01). Bonferroni adjusted
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pairwise comparisons involving the eight experimménonditions showed the following results
(see Table 3). Looking specifically at the extenivhich on-screen labels influenced retention
accuracy, it appeared that participants in the timmdwith spoken text and on-screen labels
(ST-NWT-L) had higher retention accuracy than ggrtints in the condition without spoken
text, without written text, and without on-screabéls (NST-NWT-NL) ¢ < .001). Likewise,
participants who received the animation in the domdwith on-screen labels and written text
(NST-WT-L) showed higher retention accuracy thartipi@ants in the condition without spoken
text, without written text, and without on-screabéls (NST-NWT-NL) p < .001). Presenting
on-screen labels together with spoken text andemritext (ST-WT-L) also resulted in higher
retention accuracy than in the condition withoulsm text, without written text, and without
on-screen labelp(< .001). Participants in the condition with only-screen labels (NST-NWT-
L) showed a similar trend for higher retention aecy than participants in the condition without
spoken text, without written text, and without ammeen labels (NST-NWT-NL)p(= .091). In

the conditions without on-screen labels that inedlgpoken text (ST-NWT-NL), written text
(NST-WT-NL) or both (ST-WT-NL) higher retention agacy was obtained than in the
condition without spoken text, without written teahd without on-screen labels (NST-NWT-
NL) (p < .001). Participants in the condition with spokext and written text (ST-WT-NL) also
obtained higher retention accuracy than particpanthe condition with on-screen labels (NST-

NWT-L) (p = .019). No other significant differences wererfdu

INSERT TABLE 3 ABOUT HERE
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Discussion

This study aimed to investigate whether previousported beneficial effects of adding short
on-screen text (i.e., on-screen labels) to multimetstructions, referred to as the “reverse”
redundancy effect (e.g., Mayer & Johnson, 2008 apply to learning a procedural task from
an animation. Consistent with prior research, watbthat presenting on-screen labels in a
procedural animation resulted in improved retentirt not actual behavioral performance, of
the studied procedure (e.g., Mayer & Johnson, 2D@& rudden et al., 2015).

Specifically, we found that presenting the aninratidth on-screen labels and the
complete verbal information in the form of spokertt(ST-NWT-L), written text (NST-WT-L)
or both (ST-WT-L) resulted in higher retention autees compared to the animation without any
verbal information (NST-NWT-NL). Results were iretkame direction for learners who studied
the animation with only on-screen labels (NST-NW)ralthough this effect was less
pronounced. This suggests that in learning fromoagaural animation, on-screen labels alone
offer too limited verbal information to complemehe graphic information when no other verbal
information is provided. Especially when preseritegkther with the complete spoken and/or
written text on-screen labels appear to be helméra remember the information shown in a
procedural animation. This is consistent with pcedns derived from relevant theoretical
models, like the cognitive theory of multimediarl@ag (Mayer, 2005) and the cognitive load
theory (Sweller et al., 1998). According to thesedels, on-screen labels are assumed to
facilitate learners’ cognitive processing by hetpthem to identify and select relevant verbal
and graphical information and establishing a liekieen them so as to better organize it in
memory. In other words, on-screen labels seemdiocesextraneous cognitive processing

associated with searching for and connecting relepi@ces of information, leaving cognitive
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resources available for constructing a coherentahespresentation of the multimodal
information (Sweller et al., 1998).

Together, our findings support prior research orscreen labels in multimedia learning,
both theoretically and empirically, showing thag¢genting redundant information, in the form of
short on-screen text presented in close proxinfith@ associated pictorial information, may
actually foster rather than impede learners’ cagmiprocessing of multimedia materials.
Importantly, we extend prior findings by demonstrgtthat this “reverse” redundancy principle
also applies to multimedia materials that are tearisn nature (i.e., animation) and thus are not
constantly available to learners. Evidently, hajgimarners to attend to the relevant information
at the right time is particularly relevant in antlas and other sorts of dynamic visualizations
(e.g., De Koning & Jarodzka, in press; De Koningbbers, Rikers, & Paas, 2011). On-screen
labels seem to provide a useful means to accomghlisand may provide an alternative or
complement to other types of attention guidancé sisccolor coding to improve processing of
multimedia instructions (Van Gog, 2014). Moreovhrs study extended previous multimedia
research by focusing on learning a procedural fiaesk first-aid procedure) as opposed to a more
causal learning task (e.g., lightning formatiortudies on learning from multimedia instructions,
especially those involving on-screen labels, tyipragquire learners to study causal chains of
events in natural, technical or biological systelmghe present study, we broaden the scope of
this research by addressing a topic that has,rmpegison, received much less attention, namely
procedural learning. Based on the above issuestody contributes to a better understanding of
the generalizability of the “reverse” redundancingiple in learning from multimedia

instructions.
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Another contribution of the present study is tha&xamined the effects of on-screen
labels at the behavioral level. That is, we askadrers to perform the learned procedure and
looked at how well they performed that procedurefa®, the effects of on-screen labels have
only been examined at the cognitive level by logkah how well learners were able to memorize
the presented information (as discussed abovepatit extent to which they were able to
reason about the learned information using a veraasfer test. Prior research generally does
not show positive (nor negative) effects of on-eartabels on tests tapping into higher-order
cognitive processing (e.g., reasoning) such asfieatests (Mayer & Johnson, 2008;
McCrudden et al., 2015; for an exception see Ywd.e2013). Consistent with this, our findings
indicate that learning the first-aid procedure framanimation including on-screen labels (either
with —=ST-NWT-L and NST-WT-L and ST-WT-L- or withouNST-NWT-L— complete verbal
information) did not help learners to better paridhe procedure than learning without on-
screen labels (ST-NWT-NL; NST-WT-NL; ST-WT-NL; NSYWT-NL). Possibly, learners
primarily relied on the complete verbal informati@nd the movements in the animation) to
perform the learned procedure. This verbal andpaitinformation likely provided more
guidance than the on-screen labels in how to expetiform the different activities in the
procedure. For example, one of the keywords sunzeithe verbal explanation as “seat victim
upright” while this did not indicate that the movemt should be performed fluently. Hence, the
on-screen labels merely helped to remember therdiit activities, but were presumably less
helpful to support learners in actually performthg procedure as accurate as possible.

Together, our findings combined with those obtaimegrior research suggest that
beneficial effects of on-screen labels do not gdsdnslate to measures that move beyond

measuring the amount of information that learnemamber from multimedia instructions (e.g.,
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retention test). Given that this has now been destnated with multimedia instructions wherein
static pictures (Mayer & Johnson, 2008), animatigmesent study), and informational text
(McCrudden et al., 2015) form the primary souraepiesenting the information, it seems useful
to start investigating why this is the case anenafit to find ways to improve performance on
measures other than those tapping into memoriZedmation. For example, it could be
examined whether on-screen labels are more efeetttivacilitate behavioral performance of a
procedure if the type of information summarizedtuy on-screen label focuses on subtleties on
how to perform the movement instead of simply pdovg a mnemonic for the activity more

generally in the respective step.

Limitations and futureresearch

A drawback of this study is that with eight expezmtal conditions the total number of
participants was relatively low and preferably dddwave involved more participants per
condition. It is possible that in the present sttity/low retention accuracy of the condition
studying the animation without spoken text, withawitten text, and without on-screen labels
(NST-NWT-NL) is due to the relatively low samplesiand in this way contaminates the
results. It is however also possible that this gmere provides an accurate picture, which would
be in line with our findings mentioned earlier sagng that at least some type of verbal
information (complete text and/or labels) is neettecemember the steps in the first-aid
procedure. In a similar vein, unexpectedly the bgjlretention accuracy was obtained in the
condition with both spoken text and written texithwut on-screen labels (ST-WT-NL). It is
unclear how to this result has come about; a libelgsibility is that this high score is related to

the low sample size. Overall, given the low sangite the results of this study need to be
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interpreted with caution. Future studies repliaatinis study with more (e.g., at least 20)
participants per condition are needed to provideensolid findings enabling stronger
conclusions about the usefulness of on-screendabgrocedural animations.

Furthermore, an aspect that was not addressedsisttidy and which requires further
investigation concerns the attentional and cogaifixocessing during studying procedural
animations, or multimedia instructions in genenath on-screen labels. As in previous studies
we did not apply online process-related measutes) as eye-tracking and verbal protocols, so it
is yet unclear how on-screen labels exactly openadecomplishing their effect. Critical
guestions in this regard are for example how muignton is paid to the on-screen labels and/or
other elements of the multimedia instruction, amahat extent learners engage in meaningful
constructive processing to integrate all presemtinimation with each other as well as with
prior knowledge. Presumably, this may also prowdditional insight into why effects of on-
screen labels did not translate to behavioral perdoce accuracy (or more broadly, to other
types of measures than retention/memorizing inftiondike transfer). Regarding this latter
aspect, it is important to note that a potentraitition of this study is that our animation only
lasted approximately one and a half minute, whséch relatively short learning session given that
in educational settings the time that is usuallgngpon learning new information is much longer.
So, it might be worth exploring whether or not areprolonged animation might help learners
to better integrate and/or internalize the infolioraenabling them to more accurately perform
the studied procedure. Moreover, this would impriheeecological validity of the results as it
would more closely resemble a realistic educatigetting. Furthermore, several more generic
issues remain to be addressed. These involve, aothags, to what extent learner-control has

influenced our results, whether similar findingdlwe obtained when studying an animation
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depicting a causal system (e.g., showing hoe attt@hk works), and how on-screen labels
interact with other design manipulations to thepbireal information like visual cueing (or
signaling) that are intended to support learnexEdion of relevant information from the
animation. Addressing these issues in future rebesatvances our understanding on (more)

effective uses of on-screen labels to improve iegrfrom multimedia instructions.

Conclusion
This study extends research on the ‘reverse’ vedshindancy effect by demonstrating

the usefulness of on-screen labels in a procedniaiation. This reinforces the suggestion put
forward previously by other researchers (e.g., M&@&ohnson, 2008; Yue et al., 2013) that
teachers and instructional designers could impleamers’ understanding of multimedia
instructions if they embed short text segments, (@e-screen labels that are not identical to the
complete verbal information) into the visual digpl®ur study shows that this also holds for
teaching procedural knowledge (as opposed to comaelnowledge) and when presenting the
information as a learner-controllable animatiomligating that on-screen labels can be applied
across various types of multimedia instructionshibuld be stressed however that beneficial
effects of on-screen labels are most likely to o@rumeasures that tap into learners’ memory
for the studied information. This means that oresarlabels should primarily be used in the
context of learning goals that are aimed at helppagners to memorize information from

multimedia instructions.
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Table 1. Overview and Characteristics of the Eight Experimental Conditions

Spoken text (ST) No spoken text (NST)
Written text No written text Written text No written text
(WT) (NWT) (WT) (NWT)
Labels Nolabels Labels Nolabels Labels Nolabels Labels No labels
(L) (NL) (L) (NL) (L) (NL) (L) (NL)
ST ST ST ST NST NST NST NST
Condition WT WT NWT NWT WT WT NWT NWT
L NL L NL L NL L NL
N 16 16 16 16 16 16 17 16
Age* 25.75 24.88 28.00 23.63 21.25 22.38 23.82 22.69
(10.28) (10.63)  (12.20) (3.36) (3.36) (2.99) (11.11) (2.87)
Gender
5/11 3/13 5/11 7/9 5/11 2/14 2/15 5/11
(mae/female)
Prior knowledge
3/13 8/8 5/11 o7 5/11 4/12 6/11 o7
(yes/no)

* Mean age in years followed by standard deviation (in parentheses)
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Table 2. Means and Standard Deviations for Retention Accuracy and Behavioral Performance

Accuracy as a Function of Spoken Text and Written Text

Retention accuracy Behaviora performance accuracy
M D M D
Written text 66.19 19.07 79.83 13.07
Spoken text 65.62 16.28 83.33 12.53
Written and
71.02 16.07 80.12 16.63
Spoken text
No written text
and 41.87 20.32 72.27 11.76

No spoken text
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Table 3. Means and Standard Deviations (in Parentheses) for Retention Accuracy, Behavioral

Performance Accuracy, and Learning Time as a Function of Spoken Text, Written Text, and On-

Screen Labels
Spoken text No spoken text
Written text No written text Written text No written text

Labels Nolabels Labels Nolabels Labels Nolabels Labels Nolabes
Retention 69.89 72.16 65.34 65.91 62.50 69.89 50.80 32.39
accuracy (15.11) (17.40) (11.60) (20.33) (23.44) (13.16) (18.76) (17.87)
Behavioral

78.03 82.20 87.50 79.17 82.20 77.46 74.87 69.51

performance

(18.83) (14.42) (8.49) (14.67) (13.18) (12.95) (13.41) (9.35)
accuracy
Learning 219.82 217.05 176.36 179.30 187.39 217.04 182.50 154.19
Time (sec.) (63.67) (97.67) (64.78) (91.28) (53.56) (56.42) (114.40) (56.63)




Figure Captions
Figure 1. Screenshot of the animation illustratimg step “Place your hands around this forearm
with interconnected fingers and thumbs” (upper haar@mation without verbal information;

bottom panel: animation with written text and omegn labels).
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Figure 1




Highlights

» Recent research shows that on-screen labels improve learning of multimedia material

* Thisstudy aimed to extend this to learning from procedural animations

* Wealso applied abehavioral performance measure next to a cognitive outcome
measure

» On-screen labels improved retention but not behavioral performance of the procedure

» On-screen labels appear to be promising for learning from procedural animations



