The Effect of Earcons on Reaction Times and Error-Rates in a

Dual-Task vs. a Single-Task Experiment

Paul M.C. Lemmens, Myra P. Bussemakers, Abraham de Haan

Nijmegen Institute for Cognition and Information

Universit yof Nijmegen

Montessorilaan 3,

6525 HR Nijmegen, The Netherlands

+31 24 3612648 bussemakers@nici.kun.nl

ABSTRACT

An experiment with two picture categorization tasks with auditor ydistracters containing redundant infor mation was carried out to investigate the effects distracters, in this case earcons, have on categorization. In the first task participants had to carr y out an extra mental addition task. T he secondar ytask consisted of just the categorization. T he dual-task situation was expected to lead to longer reaction times and more errors than the single-task situatio n, possiblyproviding new insights when analyzed. T he results confir med previo us experimental results and indicated that significantl y fe wer errors were made in conditions in which the earcons co ntained relevant redundant infor matio n, co mpared to conditions with no relevant redundant infor mation.

Keywords

Earcons, auditor ydistracter, multimodal inter faces, categorization, dual-task perfor mance

INTRODUCTION

One of the areas in human-comp uter interactio n and interface design that is more and more under investigation is multimodal interaction. Researcher s as well as designers want to learn what the co nsequences are of communicating informatio n to the user through the visual, auditor yor even the haptic modality. Lear ning about the conseq uences of co mmunicating (different) infor mation to different modalities first requires an understanding of ho w users o f a multimodal inter face relate the infor mation presented to those modalities. Are users even aware that infor matio n presented in one modality has a relationship with infor mation presented in another modality? T o investigate this question, usuallythe notio n of contingencies is used.

A contingencydescribes a more or less invariable feature in separate flo ws of infor mation, which allo ws the human cognitive systemto relate these flo ws of infor matio n to acquire new infor mation. For instance, an audience enjo ying the talents of a ventroquilist is led to believe the puppet of the ventroquilist is talking like it has a mind of its o wn, while actually the puppetplayer is making the speech-like sounds and the p uppet onlymimics the lip mo vements of speech. Although both infor mation sources are presented to different modalities, most people in the audience will ^hear~ the puppet talking. T he audience apparently relates the infor mation presented in the auditor ymodality to the infor matio n presented in the visual modality, because the sources of that infor mation are in close proximityand the flo w of infor mation r uns synchronously; the contingencies for proximity and synchrony are used.

Contingencies therefore present opportunities to relate different sources of infor mation to each other and use that relatio nship to unite the infor mation into an infor matio n unit that can be evaluated b ythe cognitive system as being singular. T he effects or consequences this singular unit o f infor mation has on perfor mance in a multimodal environment depends on the actual infor mational content of the separate infor matio n sources, because the infor mation presented in the additional modalitycan complement the infor mation in the main modality (i.e., provide extra infor mation not presented alread y). Ho wever, the additional infor matio n can also have a redundant nature (i.e., presenting infor matio n already present in the main modality). It seems likelythat co mplementar yinfor matio n has different consequences for infor matio n processing than redundant infor mation has.

Extra infor matio n can be expected to have a positive effect on perfor mance on tasks within a multimodal interface because, for example, the new additional infor mation provides a means to decrease errors. Earlier research has sho wn that if auditory infor mation is used to supplement visual infor mation, for instance because the eyes are other wise occupied or if it is difficult to performthe task with only the visual infor matio n, sounds can lead to faster response times and fewer errors [2]. T his is a relatively self-evident effect. It is debatable, ho wever, whether redundant infor matio n produces co mparable effects.

In this project therefore, the effect o f redundant auditor yinfor matio n on a primar yvisual categorization task is investigated.

T his means that the infor mation that is presented through audio is also available visually and users are able to performthe task, in principle, equally well without listening to the sound. In the experiment cond ucted in this project, users have to categorize line-drawings o f animals and no n-animals (e.g., a chair) b yindicating whether the picture theysee is that of an animal, ^yes~ or ^no~. At the same mo ment they see the picture, an abstract musical chord in major or minor mode (an earcon, [1]) is played. Furthermore users are not instructed to ^use~ the infor mation in the sound when working on the task.

Ho wever, theyare told that the so unds they will hear can aid them in the categorization task.

Because the major and minor modes in wester n music have a fixed connotation (a piece in major mode is usually said to evoke a ^happ ymood~ while a piece in minor mode is said to be ^sad~), these connotations are expected to be carried over to the earcons. T he earcon in major mode is therefore expected to evoke a positive mood in participants wh ile the earcon in minor mode is expected to put participants in a sad mood. Because participants in a positive mood are kno wn to respond quicker to questio ns requiring a positive answer, participants hearing a major earcon are expected to respond quicker to stimuli requiring a ^yes~-response than to stimuli requiring a negative response [6]. Earcons in major mode are therefore expected to facilitate affir mative responses and inhibit disaffir mative responses, while earcons in minor mode are expected to facilitate disaffir mative responses and inhibit affir mative responses. T he additional infor matio n earcons carr yis then comprised of the mood the earcons evo ke.

Experimental verification of these expectancies sho wed that only in experiments in which the relation between the earcon and the visual stimulus was fixed for a certain period of time, an effect could be sho wn [3]. However, the facilitation, or inhibition, as expected in its purest for m, could not be sho wn. For instance, the effect of facilitation was not found, because in congruent conditions (in which the facilitating, major mode earcon was coupled to visual stimuli requiring a positive response) RT ´s did not differ fro mconditions in which the earcons carried neutral, additional infor mation. T he congruent condition ho wever was expected to sho wdecreased response time latencies, because of the facilitatio n [3,4,5].

T he earlier results have sho wn though, that having additional infor mation in the auditor ymodalitycan slo w do wn the performance if the sound does not coincide with the visual infor mation. For instance, when pictures have to be categorized as animal or non-animal, a minor chord presented together with a picture of an animal leads to slo wer responses co mpared to a congruent stimulus pair (e.g., major earcon and an animal picture, [4,5]). However, onlylooking at the speed of the responses does not give us a full picture of what happens in these multimodal situatio ns. Errors also are a source of infor mation o n what processes take place on a cognitive level. Because in the previous categorizatio n experiments subjects make ver yfew errors, a second task was added to evoke more errors. T he results of these tasks are presented in this paper.

T he assump tion that a secondar ytask can increase the co gnitive load for participants is based on the theor ythat participants have a shared pool of mental reso urces available [7,8]. Carrying out two tasks simultaneo usly requires a lar ger amount of resources than the sumo f the reso urces necessar yfor carr ying out each task individ ually, which, amo ng other things, can result in more errors in the perfor mance. It is likely therefore, that participants, in an effort to maintain an acceptable degree of perfor mance both in errors and response time latencies, try to carr yout the tasks sequentially. T his requires separate buffers for both the visual stimuli and the auditor ydistracters. In the model of Lo gie [7] the buffer for the visual stimuli is called the visio-spatial buffer while the auditor yb uffer is called the phonological loop. Using a temporar ybuffering strategy for carrying out both tasks in a dual task situation sequentially is usually reflected b yan increase in response time latencies onlyand the absence of an increase in errors. Because participants tryto minimize the number of errors theyproduce, they take a longer time to co mplete the two tasks, co mpared to a single task situation, and the prolonged response time latencies indeed result in co mparable number of errors in the single-task and dual-task situatio n [8]. However, the o verall number of errors will increase and these can be analyzed as well, next to the usual reaction time analyses, possiblyproviding new insights for the theoretical frame work in which this experiment can be placed.

T he theoretical framework surrounding this experiment is that o f two -stage categorization. T his theor ystates that the categorization process, usually viewed as a singular process, actuallyconsists of t wo stages or processes defined b ythe way each sub-process categorizes items. One process categorizes b yrules while the other categorizes b yexamp le. Rule based categorization usuallyis a relativelyslo wprocess because it involves extensive use of selective attention and memor y[8].

Exemplar similaritybased categorizatio n, on the other hand, is a relatively fast process because it o nlyrequires direct compariso n with a stored (prototypical) example o f a category [9]. Because the musical chords, used in the experiment described here, are relativelyabstract sounds for mo st participants, it is likelymost o f them need to use rules to process the earcons semantically. T heysho uld therefore be slo wer in conditions with sound co mpared to conditions witho ut sound. More experimental results providing additional evidence in favor of two -stage categorizatio n, can be found in another article b y

Bussemakers et al. elsewhere in these proceedings.

T he musical connotation of the auditor ydistracters is also a reason to consider musical skill of participants, because musically trained participants might process the musical chords used in the experiment differently than musically untrained participants. Differentiatio n on musical skill could therefore sho wq ualitative differences between participant group s.

Ho wever, because the effects the auditor ydistracters have on the categorization task are largelysubconscious, it is more likely that musicallyskilled participants only sho w faster response times and fe wer errors. T his is alreadysho wn in earlier experiments [5].

Summarizing, the experiment described in this paper uses picture categorizatio n as a primary task and mental addition of one-place numbers as a secondar ytask. T he combination o f these tasks is kno wn to sufficientlyuse up mental resources to evoke extra errors in the perfor mance of the primar ytask. While carr ying out these tasks, participants are presented with auditor ydistracters which bear a certain relation with the infor mation presented visually. Because the auditor ydistracters are musically coloured, musical skill was considered when selecting subjects. B yreaction time analyses as well as error analyses the effects the auditor ydistracters have o n picture categorizatio n are investigated.

M ETHOD

Participants were 20 students (average age 23) of which 12 were of the male gender. 10 were considered musically skilled because they had been playing a musical instr ument for at least 8 years; 4 participants in this group were of the female gender. T heywere all rewarded with either 10 guilders or 2 participant credits for participating in the experiment.

In the experiment a within-subjects design was used, in which in each o f the four conditions the relationship between the picture class and the type o f earcon ( major or minor mode) was fixed:

¯ Congruent condition : all animal pictures were co mbined with the major earcon; all non-ani mal pictures were co mbined with the minor earcon.

¯ Incongruent condition : all animal pictures were co mbined with the minor earcon and all no n-ani mal pictures with the major earcon.

¯ Neutral condition : both the animal and no n-animal pictures were exhaustively co mbined with the major as well as the minor earcon.

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

With this design two different tasks were carried out. In one task the participants onlydid the categorization, whereas in the other task an extra, mental addition exercise had to be performed. For reasons of counterbalance, participants 1 through 10 carried out the counting task first and participants 11 through 20 started with the no -counting task. Further more, to prevent effects of a preferred hand, the position of the ’yes’ and ’no’-buttons o n the button-box was regularly changed. Finally, the musically skilled participants were eq uallyspread over both task seq uences. T he participants were instr ucted to respond as quickly, tho ugh accurately, as possible. During the mental addition task it was emp hasized that both tasks were equally important and performance on the tasks needed to be equallywell. After finishing, the participants were requested to fill in a questionnaire about the sounds theyheard during the experiment.

T he experiment was carried out on a Macintosh Quadra 840AV. A butto n-box with voice-key was co nnected to this comp uter, as was a pair of headpho nes through which the earcons were presented. In this experiment the 16 line-drawings used earlier b y[4] were modified to include a one-place number in a positio n close to the center of the drawing. T he earcons used were a G chord both in major and minor mode, with a duration of 2500 ms. T he alert sound was a single, neutral F-tone.

For data acquisition for a fellow researcher a heart beat measuring device was used [11,12]. T he device used was a Polar

Vantage NV watch and chestband. In this experiment no further analysis of the heartbeat data was perfor med ho wever. All participants were notified of the requirement to wear this apparatus in ad vance of the experiment.

RESULTS

Reaction Times ( RT’s)

Before starting the statistical analyses, all incorrect responses and null-reactio ns were filtered out. Of all 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-actions or guesses. T herefore, the data considered consisted of all correct responses with

300 <= RT <= 1500.

T he average RT ’s for both tasks without differentiatio n on musical skill are sho wn in T able 1. A repeated measurements analysis sho wed a significant effect of the extra task (counting) (F(1,19) =36.543, p = .000).

In the task with the counting a significant effect of sound was fo und (F(1,19) = 21.549, p = .000). T his means that in this task, the conditions with sound were significantly slo wer than the conditio n without sound. Ho wever, between the conditio ns with sound no significant difference in average RT ’s was found.

T able 1. Average Reaction T imes in ms for the task with the extra counting co ndition vs. the task witho ut the extra conditio n.

RT ( ms)

Condition Counting No counting

Congruent 664 467

Incongr uent 708 487

Neutral 684 446

Silent 657 447

For the no-co unting task, a significant effect of so und was found as well (F(1,19) = 5.783, p = .027). Further more, a significant difference between the incongr uent co ndition and the other conditio ns with so und was observed (F(1,19) = 5.357, p = .032).

Musically skilled vs. unskilled

Differentiating on musical skill again sho wed an effect of the extra counting task (F(1,19) = 36.543, p = .000). T able 2 shows the average RT ’s for all tasks.

T able 2. Average Reaction T imes in ms for all tasks differentiated for musical skill.

RT ( ms)

Counting No counting

Condition Unskilled Skilled Unskilled Skilled

Congruent 701 629 470 465

Incongr uent 734 681 486 487

Neutral 702 666 433 458

Silent 676 637 442 453

In the task with the extra counting exercise, within the group of musicallyskilled participants, an effect of so und was found

(F(1,9) = 14.659, p = .004). Between the conditio ns with so und ho wever, no significant difference in RT ’s was found. For the musically unskilled group of participants an effect of sound was found as well (F(1,9) = 7.538, p = .023). No other effects were found ho wever.

For the no-co unting task no effects were fo und to be significant for both the musicallyskilled and the musicallyunskilled participants.

Error-analysis

T he error analysis sho wed that 4.1% of the total number of responses were incorrect. Of these errors, 49.75% were made in the counting task. T he average number of errors for all tasks is presented in T able 3. A repeated measurements analysis did not sho w the differences in average number of errors across both tasks to be significant.

Counting vs. no-counting

In the counting task a significant effect of sound was found (F(1,19) = 16.118, p = .001). Further more, the difference between the congruent and the neutral conditio n, as well as the difference between the inco ngr uent and the neutral condition were found to be significant (F(1,19) = 9.107, p = .007, F(1,19) = 4.647, p = .044). T he congruent and the inco ngr uent condition were not significantly different.

For the no-co unting task the same pattern of effects was fo und. An effect of so und (F(1,19) =17.210, p = .001) was found as well as a difference between both the congr uent and neutral condition (F(1,19) = 4.672, p = .044), and the incongruent and the neutral conditio n (F(1,19) = 4.393, p = .050). Again, the congr uent and inco ngr uent conditions did not differ in average number of errors.

T able 3. Average number of errors per task and condition

Average number of errors

Condition Counting No counting

Congruent 0.35 0.55

Incongr uent 0.60 0.65

Neutral 1.25 1.30

Silent 2.75 2.50

Musical skill

Differentiation on musical skill sho wed no significant differences between musicallyskilled and musicallyunskilled participants. T able 4 indicates this.

For the musicallyskilled participants, doing the counting task, an effect o f sound was found again (F(1,9) = 6.903, p = .027).

T he congruent condition was significantlydifferent fro m the neutral condition (F(1,9) = 8.442, p = .017). T he congruent and incongruent conditio n did not differ significantly. Without the counting task only an effect of so und was found (F(1,9) =

8.316, p = .018).

Musicallyunskilled participants carr ying out the counting task sho wed an effect of so und as well (F(1,9) = 9.596, p = .013), as they did without the counting task (F(1,9) = 8.548, p = .017). T he observed differences between the congruent, incongruent and neutral conditions did not reach the level of significance.

Summary

In both tasks the effect of sound on response time latencies was fo und again, ho wever, the effect of inco ngruencywa s only found in the single task situatio n. No significant differences between the congruent and neutral co ndition were fo und. T he differences in RT ´s for musicallyskilled and musicallyunskilled participants did not reach the level of significance. For both musically skilled and musically unskilled participants an effect of sound could onlybe shown when carr ying out the counting task.

T he error analysis sho wed for both tasks an effect of sound. Between conditio ns with so und, the average number of errors in the congruent conditio n as well as the incongruent conditio n was significantlysmaller co mpared to the number of errors in the neutral conditio n. T he differences between the congruent and incongruent conditio n did not reach significance.

For musicallyskilled participants carr ying out the counting task a significant effect o f sound as well as a significant difference in average RT ´s between the silent and neutral condition was fo und. None of the observed differences in the single task situation reached the level o f significance. For musicallyunskilled participants onlyan effect o f sound could be sho wn when carr ying out the counting task.

T able 4. Average number of errors for all conditions for all tasks, differentiated on musical skill.

Average number of errors

Counting No counting

Condition Unskilled Skilled Unskilled Skilled

Congruent 0.400 0.300 0.600 0.500

Incongr uent 0.700 0.500 0.600 0.700

Neutral 1.100 1.400 1.500 1.100

Silent 3.300 2.200 2.800 2.200

DISCUSSION

T his experiment investigated the effects of auditor ydistracters on picture categorization wi th extra cognitive load through the use of a dual-task paradigm. RT analyses sho w significant slo wer response latencies when the evoked response of the auditor ydistracter do not confor mto the required response based on the visual stimulus (i.e., an incongr uent situatio n). T he data also sho w a non-significant difference in the neutral conditio n and congruent condition (evoked auditor yresponse confor ms to required visual response). T hese results confir m the Bussemakers et al. results [3,4,5].

Differentiation on musical skill is lar gelyineffective but for so me small scale effects. T hese latter effects can also been have caused b yindivid ual differences between subjects, due to the small group of participants (see for similar results [5]).

Analyses of the incorrect data produced bythe dual-task paradigmsho wno effects of counting, which is an interesting result, because it might seem as if participants do not need additional resources to fulfill the mental addition task. A possible explanatio n is that participants striving for as few errors as possible, take more time in the dual-task situatio n. T his is clearly indicated b ythe prolonged response time latencies in the counting task and supports the hypothesis that participants carr yout the tasks sequentially [8]. Within each task ho wever, the data sho w a significant reoccurring patter n of an equal number of errors in the congr uent and incongruent condition, a significantlylarger amo unt of errors in the neutral condition and a still larger amount of errors in the silent condition. Again (cf., [5]), no other significant effects are found with musicalityas between subjects factor.

Finding co nfir matio n for the earlier results indicates strong consistent effects of auditor ydistracters on picture categorization

[3,4,5]. Addition of auditor ydistracters to a picture categorization task not onlyslo ws do wn response latencies significantly, it also produces differentiated effects depending on the nature of the auditor ydistracter in relation to the required response based on the visual stimulus. T he consistent effect of so und suggests that the earcons are always processed, but on a subconscious level because participants o ften are unable to verbalize the differences between the earcons and the relation the earcons have with the pictures (as indicated bythe questionnaires). T his no nstop processing of the auditor ydistracters can be directlyrelated to the incapabilityo f the ear to shut out external stimuli like, for example, the eye can b yclosing the eyelids.

Using the culturally deter mined connotations o f the major and minor mode sho ws that an auditor ydistracter in a major mode can significantly slo wdo wn the response to a visual stimulus which requires a negative response [6]. Ho wever, on the other hand, an auditor ydistracter in major mode co mbined with a visual stimulus requiring a positive response does not lead to faster response latencies co mpared to a situatio n in which no infor mation can be extracted fro mthe auditor ydistracter (a neutral situation). T hese findings might indicate a response-conflict in the incongr uent co ndition in the experiment.

A response-co nflict seems an unlikely explanatio n ho wever, because a response-conflict implies an increase in the average number of errors in the incongruent condition. T he error analyses ho wever indicate that no differences exist between the congruent and incongruent condition, because in these conditio ns the smallest amo unts of errors are made, which, for those conditions, did not differ significantly. T hese error analyses seem to drawa picture in which extra infor matio nal resources are processed and always provide so me extra infor mation which can be used to decrease the numb er of errors in conditions in which the extra, relevant, infor mational resources are present.

Several explanatio ns for the effect exist. One could be that an auditor yprime ensures quick responses in participants, because of the alerting function [10]. In this line of reasoning the alerting functio nalitycan cause a state o f extra attentio n in which less errors are made. T his explanatio n does not suffice for two reasons ho wever. First, the auditor ydistracters in this experiment are not used for attentio n grabbing purposes in advance of the visual stimulus. For this a neutral F-tone was used and onlythen the auditor ydistracter and visual stimulus are presented. Secondly, if the above line of reasoning applies, a difference between the counting and no-co unting task should exist, because in the counting task less attentional reso urces are available due to the secondar ytask. Ho wever, the error analysis only sho ws a no n significant difference between these two tasks.

A more likely explanatio n is that participants are able to co mbine the redundant infor mation of the auditor ystimuli with the visual stimuli to co me to a combined stimulus to which theycan respond more accurately, that is, with less errors, than to the visual stimulus itself without the redundant infor mation. Because this is observed not onlyin the congruent condition, but also in the inco ngr uent co ndition, this suggests that participants can use the relationship between the auditor ydistracter and visual stimulus to their advantage, even if the infor mation in the auditor ystimuli contradicts the required response to the visual stimulus. T he process of co mbining the auditor yand visual stimuli into a unified, singular stimulus can then explain the prolonged response time latencies in conditio ns with so und.

When applying sound in real-life inter faces the stud ypresented here sho ws that sound fro m a perfor mance perspective has no effect, unless it is incongruent with the visual infor mation. In that case perfor mance is hindered byadding auditor y infor mation. Applying so und in inter faces therefore still seems to be a case of modest use and careful planning.

REFERENCES

1. Blattner, M.M., Sumika wa, D.A., and Greenberg, R.M., Earcons and Icons: T heir Structure and Co mmon Design

Principles. Human-Co mp uter Interaction 4(1), 1989, 11-44.

2. Brewster, S. A. Sound in the Interface to a Mobile Comp uter, in Proceedings of HCII’99 (Munich, Ger many, August

1999), 43-47.

3. Bussemakers, M.P., and de Haan, A. Getting in touch with yo ur moods: using so und in interfaces, sub mitted.

4. Bussemakers, M.P., and de Haan, A. Using earcons and icons in categorisatio n tasks to improve multimedia interfaces, in

Proceedings o f ICAD’98 (Glasgo w, UK, No vember 1998) British Co mp uter Society.

5. Bussemakers, M.P., de Haan, A., and Lemmens, P.M.C. T he effect of auditor yaccessor ystimuli on picture categorisation; implications for interface design, in Proceedings of HCII’99 (Munich, Ger many, August 1999) 436-440.

6. Hevner, K. T he mood effects of the major and minor modes in music, in Proceedings of the mid western psychological association (1933), 584.

7. Logie, R.H. T he Seven Ages of Working Memor y, in Working Memor yand Cognitio n, Richardson, J.T.E. (Eds.), 1996,

31-65. Oxford UniversityPress, NewYork, USA.

8. Pashler, H., Johnston, J.C. Attentional Limitations in Dual-task Perfor mance, in Attentio n, Pashler, H. (Eds.), 1998, 155-

189. PsychologyPress: Hove, UK.

9. Smith, E.E., Patalano, A. L. and Jonides, J. Alternative strategies of categorizatio n. Cognition, 65, 1998, 167-196.

10. T eichner, W.H. Recent studies of simple reaction time. Psychological Bulletin, 31(2), 1954, 128-149.

11. Van de Ven, J. Touch screen vs. mouse: an experimental compariso n using Fitt´s law and mental workload. Available as http://www. shef.ac. uk/pc1j m/hci98cc/hci98cc64.html , HCI´98.

12. Van de Ven, J., de Haan, A. Differences and similarities in the usability of mo use and touch screen. In Proceedings o f the international conference o n computer -aided ergono mics and safety, Mondelo, P., Mattila, M., Karwo wski, W. (Eds.),

1999. Universitat Politècnica de Catalunya: Barcelona.