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ABSTRACT

An experiment with two picture cdegorization tasks with auditory distraders containing redundant information was carried
out to investigate the dfeds distraders, in this case eacons, have on categorization. In the first task participants had to carry
out an extra mental addition task. The secondary task consisted o just the cdegorizaion. The dual-task situation was
expeded to leal to longer readion times and more arors than the single-task situation, possbly providing new insights when
analyzed. The results confirmed previous experimental results and indicated that significantly fewer errors were made in
conditions in which the eaicons contained relevant redundant information, compared to conditi ons with no relevant redundant
information.
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INTRODUCTION

One of the aeas in human-computer interadion and interfacedesign that is more axd more under investigation is multimodal
interadion. Reseachers as well as designers want to lean what the mnsequences are of communicaing information to the
user through the visual, auditory or even the haptic modality. Leaning about the consequences of communicating (different)
information to dfferent modalities first requires an understanding of how users of a multimodal interface relate the
information presented to those modalities. Are users even aware that information presented in one modality has a relationship
with information presented in another modality? To investigate this question, usually the notion of contingencies is used.

A contingency describes a more or lessinvariable feaure in separate flows of information, which all ows the human cognitive
system to relate these flows of information to acquire new information. For instance, an audience anjoying the talents of a
ventroquilist is led to believe the puppet of the ventroquilist is talking like it has a mind of its own, while adually the
puppetplayer is making the speech-like sounds and the puppet only mimics the lipmovements of speed. Although bath
information sources are presented to dfferent modaliti es, most people in the audience will “hea” the puppet talking. The
audience pparently relates the information presented in the auditory modality to the information presented in the visua
modality, because the sources of that information are in close proximity and the flow of information runs synchronously; the
contingencies for proximity and synchrony are used.

Contingencies therefore present oppatuniti es to relate diff erent sources of information to ead other and use that relationship
to unite the information into an information unit that can be evaluated by the mgnitive system as being singular. The dfeds
or consequences this sngular unit of information has on performance in a multimodal environment depends on the adua
informational content of the separate information sources, because the information presented in the alditional modality can
complement the information in the main modality (i.e., provide extra information not presented already). However, the
additi onal information can also have aredundant nature (i.e., presenting information already present in the main modality). It
seems likely that complementary information has different consequences for information processng than redundant
information hes.

Extra information can be expeded to have apasitive effect on performance on tasks within a multimodal interfacebecaise,
for example, the new additional information provides a means to deaease erors. Earlier reseach has sown that if auditory



information is used to supplement visual information, for instance because the eyes are otherwise occupied or if it is difficult
to perform the task with only the visual information, sounds can leal to faster response times and fewer errors [2]. Thisis a
relatively self-evident effed. It is debatable, however, whether redundant information produces comparable dfeds.

In this projed therefore, the dfed of redundant auditory information on a primary visual caegorizetion task is investigated.
This means that the information that is presented through audio is aso avail able visually and users are ale to perform the
task, in principle, equally well without listening to the sound. In the experiment conducted in this projed, users have to
caegorize line-drawings of animals and non-animals (e.g., a chair) by indicating whether the picture they seeis that of an
animal, “yes’ or “no”. At the same moment they see the picture, an abstrad musicad chord in major or minor mode (an
eacon, [1]) is played. Furthermore users are not instructed to “use” the information in the sound when working on the task.
However, they are told that the sounds they will hea can aid them in the cdegorization task.

Because the magjor and minor modes in western music have afixed connotation (a piecein major mode is usualy said to
evoke a“happy mood’ while apiecein minor modeis sid to be “sad”), these mnnotations are expeded to be caried over to
the eacons. The eacon in magjor mode is therefore expeded to evoke apositive mood in participants while the eacon in
minor mode is expeded to put participants in a sad mood Becaise participants in a paositive mood are known to respond
quicker to questions requiring a positive answer, participants heaing a major eacon are expeded to respond quicker to
stimuli requiring a “yes’-response than to stimuli requiring a negative response [6]. Earcons in mgjor mode ae therefore
expeded to fadlit ate affirmative resporses and inhibit disaffirmative responses, while eaconsin minor mode ae expeded to
fadlitate disaffirmative responses and inhibit affirmative resporses. The alditional information eacons cary is then
comprised of the moodthe eaicons evoke.

Experimental verification of these expedancies showed that only in experiments in which the relation between the eacon and
the visual stimulus was fixed for a cetain period o time, an effed could be shown [3]. However, the fadlitation, or
inhibition, as expeded in its purest form, could not be shown. For instance, the dfed of fadlitation was not found, because in
congruent conditions (in which the facilitating, major mode eacon was coupled to visua stimuli requiring a positive
response) RT’s did not differ from conditions in which the eacons caried neutral, additional information. The cngruent
condition however was expeded to show deaeased response time latencies, because of the facilit ation [3,4,5].

The ealier results have shown thoudh, that having additional information in the auditory modality can slow down the
performanceif the sound does not coincide with the visual information. For instance, when pictures have to be cdegorized as
animal or non-animal, a minor chord presented together with a picture of an animal leals to slower responses compared to a
congruent stimulus pair (e.g., mgor earccon and an animal picture, [4,5]). However, only looking at the speed of the responses
does not give usafull picture of what happens in these multimodal situations. Errors also are asource of information on what
processes take placeon a agnitive level. Becaise in the previous categorizaion experiments subjeds make very few errors,
aseond task was added to evoke more arors. The results of these tasks are presented in this paper.

The asumption that a secondary task can increase the agnitive load for participants is based on the theory that participants
have ashared pod of mental resources available [7,8]. Carrying out two tasks smultaneoudly requires a larger amount of
resources than the sum of the resources necessary for carrying out each task individualy, which, among other things, can
result in more arors in the performance. It is likely therefore, that participants, in an effort to maintain an acceptable degree
of performance both in errors and response time latencies, try to cary out the tasks squentialy. This requires sparate
buffers for bath the visual stimuli and the auditory distraders. In the model of Logie [7] the buffer for the visual stimuli is
cdled the visio-spatial buffer while the auditory buffer is cdled the phonologicd loop. Using a temporary buffering strategy
for carrying out both tasks in a dual task situation sequentialy is usually refleded by an increase in resporse time latencies
only and the @sence of an increase in errors. Because participants try to minimize the number of errors they produce, they
take alonger time to complete the two tasks, compared to a single task situation, and the prolonged response time latencies
indeed result in comparable number of errors in the single-task and dual-task situation [8]. However, the overall number of
errors will increase and these can be analyzed as well, next to the usual readion time analyses, possbly providing rew
insights for the theoreticd framework in which this experiment can be placed.

The theoreticd framework surrounding this experiment is that of two-stage cdegorizaion. This theory states that the
caegorizaion process usually viewed as a singular process adually consists of two stages or processs defined by the way
ead sub-process categorizes items. One process categorizes by rules while the other caegorizes by example. Rule based
caegorizaion wsualy is a relatively slow processbecause it involves extensive use of seledive atention and memory [8].
Exemplar similarity based caegorizaion, on the other hand, is a relatively fast process because it only requires dired
comparison with a stored (prototypica) example of a cdegory [9]. Because the musicd chords, used in the experiment
described here, are relatively abstrad sounds for most participants, it is likely most of them need to use rules to processthe
eacons emanticaly. They should therefore be slower in conditions with sound compared to conditi ons without sound. More



experimental results providing additional evidence in favor of two-stage cdegorizaion, can be found in another article by
Busemakers et al. elsewhere in these procealings.

The musical connotation of the auditory distraders is also a reason to consider musica skill of participants, because
musicaly trained participants might processthe musicd chords used in the experiment differently than musicaly urntrained
participants. Differentiation on musicd skill could therefore show qualitative differences between participant groups.
However, becaise the dfeds the auditory distraders have on the cdegorizetion task are largely subconscious, it is more
likely that musicdly skill ed participants only show faster response times and fewer errors. This is already shown in ealier
experiments [5].

Summarizing, the experiment described in this paper uses picture cdegorization as a primary task and mental addition of
one-placenumbers as a seoondary task. The combination of these tasks is known to sufficiently use up mental resources to
evoke extra arors in the performance of the primary task. While carying out these tasks, participants are presented with
auditory distraders which bea a cetain relation with the information presented visually. Because the auditory distraders are
musicdly coloured, musicd skill was considered when seleding subjeds. By readion time analyses as well as error analyses
the dfeds the auditory distraders have on picture cdegorizaion are investigated.

METHOD

Participants were 20 students (average age 23) of which 12 were of the male gender. 10 were mnsidered musicdly skill ed
becaise they had been playing a musicd instrument for at least 8 yeas; 4 participants in this group were of the female
gender. They were dl rewarded with either 10 guilders or 2 participant credits for participatingin the experiment.

In the experiment a within-subjeds design was used, in which in ead of the four conditions the relationship between the
picture dassand the type of earcon (major or minor mode) was fixed:

e Congruent condition: all animal pictures were mmbined with the major earcon; al non-animal pictures were mmbined
with the minor earcon.

e Incongruent condition: al animal pictures were mmbined with the minor earcon and all non-animal pictures with the
major eacon.

e Neutral condition: both the animal and non-animal pictures were exhaustively combined with the major as well as the
minor earcon.

e Silent condition: no sounds were played in conjunction with the pictures.

With this designtwo dfferent tasks were caried out. In one task the participants only did the cdegorizaion, whereas in the
other task an extra, mental addition exercise had to be performed. For reasons of counterbalance, participants 1 through 10
caried aut the munting task first and participants 11 through 20 started with the no-counting task. Furthermore, to prevent
effects of a preferred hand, the position of the 'yes and 'no'-buttons on the button-box was regularly changed. Finaly, the
musicdly skilled participants were equally spread over both task sequences. The participants were instructed to respond as
quickly, though accurately, as possible. During the mental addition task it was emphasized that both tasks were equally
important and performance on the tasks needed to be equally well. After finishing, the participants were requested to fill in a
guestionnaire eout the sounds they heard during the experiment.

The experiment was caried out on a Madntosh Quadra 840AV. A button-box with voice-key was conneded to this
computer, as was a pair of headphones through which the eaicons were presented. In this experiment the 16 line-drawings
used ealier by [4] were modified to include aone-placenumber in a position close to the center of the drawing. The eacons
used were aG chord bah in mgjor and minor mode, with a duration of 2500ms. The dert sound was a single, neutral F-tone.

For data aquisition for a fellow reseacher a heat bea measuring device was used [11,12]. The device used was a Polar
Vantage NV watch and chestband. In this experiment no further analysis of the heatbea data was performed however. All
participants were notified of the requirement to wea this apparatus in advance of the experiment.

RESULTS

Reaction Times (RT's)

Before starting the statisticd analyses, al incorred responses and null-readions were filtered out. Of al the remaining
responses, responses with latencies smaller than 300 ms and larger than 1500 ms were removed, to make sure that the

remaining responses were not reflex-adions or guesses. Therefore, the data considered consisted of al corred responses with
300<=RT <= 1500.

The average RT's for both tasks without differentiation on musicd skill are shown in Table 1. A repeded measurements



analysis fiowed a significant effed of the extratask (counting) (F(1,19) =36.543, p = .000).

In the task with the counting a significant effed of sound was found (F(1,19) = 21.549, p = .000). This meansthat in this task,
the aonditions with sound were significantly slower than the conditi on without sound. However, between the conditions with
sound no significant differencein average RT's was found.

Table 1. Average Readion Timesin ms for the task with the extra counting condition vs. the task without the extra cndition.

RT (ms)
Condition Counting No counting
Congruent 664 467
Incongruent 708 487
Neutral 684 446
Silent 657 447

For the no-counting task, a significant effed of sound was found as well (F(1,19) = 5.783 p = .027). Furthermore, a

significant difference between the incongruent condition and the other conditions with sound was observed (F(1,19) = 5.357,
p =.032).

Musically skilled vs. unskilled

Differentiating on musicd skill again showed an effect of the extra cunting task (F(1,19) = 36.543, p = .000). Table 2 shows
the average RT's for all tasks.

Table 2. Average Readion Timesin ms for al tasks differentiated for musicd skill .

RT (ms)
Counting No counting
Condition Unskilled Skill ed Unskilled  Skilled
Congruent 701 629 470 465
Incongruent 734 681 486 487
Neutral 702 666 433 458
Silent 676 637 442 453

In the task with the extra @munting exercise, within the group of musicaly skilled participants, an effed of sound was found
(F(1,9) = 14.659, p = .004). Between the anditi ons with sound however, no significant differencein RT's was found. For the

musicdly unskilled group of participants an effect of sound was found as well (F(1,9) = 7.538, p = .023). No ather effeds
were found however.

For the no-counting task no effeds were found to be significant for both the musicdly skilled and the musicdly unskill ed
participants.

Err or-analysis
The eror analysis showed that 4.1% of the total number of responses were incorred. Of these arors, 49.75% were made in

the munting task. The arerage number of errors for al tasks is presented in Table 3. A repeaed measurements analysis did
not show the differencesin average number of errors acossboth tasks to be significant.

Counting vs. no-counting

In the aounting task a significant effect of sound was found (F(1,19) = 16.118, p = .001). Furthermore, the difference between
the congruent and the neutral condition, as well as the difference between the incongruent and the neutral condition were

found to be significant (F(1,19) = 9.107, p = .007, F(1,19) = 4.647, p = .044). The congruent and the incongruent condition
were not significantly different.



For the no-counting task the same pattern of effeds was found. An effed of sound (F(1,19) =17.210, p = .001) was found as
well as a difference between both the congruent and neutral condition (F(1,19) = 4.672, p = .044), and the incongruent and
the neutral condition (F(1,19) = 4.393, p = .050). Again, the mngruent and incongruent conditions did not differ in average
number of errors.

Table 3. Average number of errors per task and condition

Average number of errors

Condition Counting  No counting
Congruent 0.35 0.55
Incongruent 0.60 0.65
Neutral 1.25 1.30
Silent 2.75 2.50

Musical skill

Differentiation on musicd skill showed no significant differences between musically skilled and musicdly unskill ed
participants. Table 4 indicates this.

For the musicdly skilled participants, doing the munting task, an effed of sound was found again (F(1,9) = 6.903, p = .027).
The congruent condition was sgnificantly different from the neutral condition (F(1,9) = 8.442, p = .017). The congruent and
incongruent condition did not differ significantly. Without the munting task only an effed of sound was found (F(1,9) =
8.316, p =.018).

Musicdly unskill ed participants carrying out the counting task showed an effed of sound as well (F(1,9) = 9.596, p = .013),
as they did without the wunting task (F(1,9) = 8.548, p = .017). The observed dfferences between the ngruent,
incongruent and neutral conditions did not readt the level of significance

Summary

In both tasks the dfea of sound on response time latencies was found again, however, the dfed of incongruency was only
found in the single task situation. No significant differences between the cngruent and neutral condition were found. The
differencesin RT’s for musicdly skilled and musicdly unskill ed perticipants did not read the level of significance. For bath

musicdly skill ed and musicdly unskill ed participants an effed of sound could anly be shown when carrying out the counting
task.

The aror analysis showed for both tasks an effect of sound. Between conditions with sound, the arerage number of errorsin
the angruent condition as well as the incongruent condition was sgnificantly smaller compared to the number of errors in
the neutral condition. The diff erences between the congruent and incongruent condition did not read significance

For musicdly skilled participants carrying out the cunting task a significant effed of sound as well as a significant
differencein average RT’ s between the silent and neutral condition was found. None of the observed dfferencesin the single
task situation readed the level of significance For musicdly unskill ed participants only an effed of sound could be shown
when carrying out the munting task.

Table 4. Average number of errorsfor al conditions for all tasks, differentiated on musical skill .

Average number of errors

Counting No counting
Condition Unskilled Skill ed Unskilled Skilled
Congruent 0.400 0.300 0.600 0.500
Incongruent 0.700 0.500 0.600 0.700
Neutra 1.100 1.400 1.500 1.100

Silent 3.300 2.200 2.800 2.200




DISCUSSON

This experiment investigated the eff ects of auditory distraders on picture cdegorizaion with extra cognitive load through the
use of a dual-task paradigm. RT analyses dow significant slower response latencies when the evoked resporse of the
auditory distrader do not conform to the required response based on the visual stimulus (i.e., an incongruent situation). The
data dso show a non-significant difference in the neutral condition and congruent condition (evoked auditory resporse
conforms to required visual response). These results confirm the Bussemakers et al. results[3,4,5].

Differentiation on musicd skill i s largely ineffedive but for some small scde effeds. These latter effeds can also been have
caused by individual differences between subjeds, due to the small group of participants (seefor similar results[5]).

Analyses of the incorred data produced by the dual-task paradigm show no effeds of counting, which is an interesting result,
becaise it might seem as if participants do not need additional resources to fulfill the mental addition task. A posshle
explanation is that participants griving for as few errors as possble, take more time in the dual-task situation. Thisis clealy
indicaed by the prolonged response time latencies in the counting task and supparts the hypothesis that participants carry out
the tasks squentialy [8]. Within eat task however, the data show a significant reoccurring pattern of an equal number of
errors in the congruent and incongruent condition, a significantly larger amount of errors in the neutral condition and a still
larger amount of errors in the silent condition. Again (cf., [5]), no ather significant effeds are found with musicality as
between subjeds fador.

Finding confirmation for the ealier results indicates grong consistent effeds of auditory distraders on picture cdegorization
[3,4,5]. Addition of auditory distraders to a picture cdegorization task not only slows down response latencies sgnificantly,
it also produces differentiated effeds depending on the nature of the auditory distrader in relation to the required response
based on the visual stimulus. The mnsistent effed of sound suggests that the eacons are dways processd, but on a
subconscious level becaise participants often are unable to verbali ze the differences between the eacons and the relation the
eacons have with the pictures (as indicated by the questionnaires). This nonstop processng of the auditory distraders can be
diredly related to the incgpabili ty of the ea to shut out external stimuli like, for example, the eye @an by closing the eyelids.

Using the adlturally determined connotations of the major and minor mode shows that an auditory distrader in a magjor mode
can significantly slow down the resporse to a visual stimulus which requires a negative response [6]. However, on the other
hand, an auditory distrader in major mode combined with a visual stimulus requiring a positive response does not lea to
faster response latencies compared to a situation in which no information can be extraded from the auditory distrader (a
neutral situation). These findings might indicae aresponse-conflict in the incongruent conditi on in the experiment.

A resporse-conflict seems an unlikely explanation however, becaise aresponse-conflict implies an increase in the average
number of errors in the incongruent condition. The eror analyses however indicate that no dfferences exist between the
congruent and incongruent condition, because in these cnditions the small est amounts of errors are made, which, for those
conditions, did not differ significantly. These aror analyses ssem to draw a picture in which extrainformational resources are
processed and always provide some extra information which can be used to deaease the number of errors in conditions in
which the extra, relevant, informational resources are present.

Severa explanations for the dfed exist. One could be that an auditory prime ensures quick responses in participants, because
of the derting function [1(]. In this line of reasoning the derting functionality can cause astate of extra dtention in which
less errors are made. This explanation does not suffice for two reasons however. First, the auditory distraders in this
experiment are not used for attention grabbing purpaoses in advance of the visual stimulus. For this a neutral F-tone was used
and only then the auditory distrader and visual stimulus are presented. Secondly, if the &ove line of reasoning applies, a
diff erence between the munting and no-counting task should exist, becaise in the munting task less attentional resources are
avail able due to the seandary task. However, the eror analysis only shows a non significant difference between these two
tasks.

A more likely explanation is that participants are @le to combine the redundant information of the auditory stimuli with the
visual stimuli to come to a cmbined stimulus to which they can respond more acarately, that is, with lesserrors, than to the
visual stimulus itself without the redundant information. Because this is observed not only in the congruent condition, but
aso in the incongruent condition, this suggests that participants can use the relationship between the auditory distrader and
visual stimulus to their advantage, even if the information in the auditory stimuli contradicts the required response to the
visual stimulus. The processof combining the auditory and visual stimuli into a unified, singular stimulus can then explain
the prolonged response time latencies in conditi ons with sound.

When applying sound in red-life interfaces the study presented here shows that sound from a performance perspedive has no
effect, unless it is incongruent with the visual information. In that case performance is hindered by adding auditory
information. Applying sound in interfaces therefore still seemsto be a cae of modest use and careful planning.
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