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In the present study, the affective impact of earcons on stimulus classification is

investigated. We show, using a picture–categorization task, that the affective

connotation of earcons in major and minor mode (representing positive and

negative valence, respectively) can be congruent or incongruent with response

valence. Twenty participants classified pictures of animals and instruments in

256 trials, using positive and negative Yes or No responses. Together with the

pictures, either a chord in major mode or minor mode was played. The affective

valence of the chords either did or did not match the valence of responses.

Response–time latencies show congruency effects of the matching and non–

matching sound and response valences, indicating that it is important to

carefully investigate human–computer interfaces for potential affective–

congruency effects, as these can either facilitate or inhibit user performance.

Keywords: Affective Computing; Stimulus–Response Compatibility;

Earcons; Major/Minor Distinction

1. Introduction

Stimulus–response compatibility (SRC) is the name given to findings of improved

performance for stimulus–response mappings that are more natural (or compatible) when

compared to less natural (incompatible) mappings (Proctor and Reeve 1990). Originally,

much of the research into SRC phenomena involved relatively simple domains like

location or colour (see, e.g. Kornblum et al. 1990 for an overview), but effects of semantic

compatibility have also been found (e.g. the semantic Simon effect; see De Houwer 1998).

Recently, many instances of affective–compatibility effects have been reported (De

Houwer and Eelen 1998, De Houwer et al. 2001, 2002). Such findings suggest that in

addition to the importance of spatial correspondence in interface designs, other aspects of

human–computer interfaces may be subject to stimulus–response compatibility effects.

The affective–compatibility effects, specifically, may be relevant to affective–computing

research.
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Affective–computing research (Picard 1997) investigates the merits of incorporating

aspects of human emotion into human–computer interfaces to improve the quality of

human–computer interaction. Research efforts with this aim are twofold (Hollnagel

1999). On the one hand, interfaces must be developed that can recognize the current

affective state of their users. These interfaces, on the other hand, should be complemented

by interfaces that can (also) present affectively charged messages. Considering the first

type of interface, several devices have already been developed that are capable of

measuring and exploiting the affective state of their users. Healey et al. (1998), for

instance, created a device that chooses the music that it will play based on the mood that

it infers from measurements of the responses of autonomous–nervous systems (e.g. heart

rate or galvanic skin conductivity). Research into interfaces that can communicate affect,

however, seems less prominent. In our view this is unfortunate, because in this type of

interface, where two independent sets of affect interact—a sender (the computer) versus a

sender–perceiver (the user)—there is ample opportunity for affective incompatibilities to

come about.

One way to communicate affect is to use feedback sounds that have affective

properties. Earcons are audio messages used in human–computer interfaces to provide

information and feedback. They can include messages, functions, states, and labels and

they are designed in a structured fashion starting by associating simple actions (e.g.

‘‘open’’) with simple earcons and by combining elementary actions into more complex

actions (e.g. ‘‘open file’’ or ‘‘open folder’’) that are associated with compound earcons.

Because of the hierarchical and structured nature of music, earcons usually are short

musical fragments. Using typical musical transformation–dimensions like pitch, timbre,

or rhythm (see Gaver 1989, Pramana and Leung 1999), elaborate families of earcons can

be constructed that are structurally related to the functions they represent.

A transformation that seems missing in the literature, in our view, is the transformation

of earcons into a variation in major or minor mode. Crowder (1984) discussed that

musical pieces in major mode are always perceived as more positive whereas pieces in

minor mode are perceived as carrying a more negative charge. Isolated chords, even when

presented for periods as brief as 300 ms, also contain this stable positive/negative

connotation. In the second study of a series of five, Crowder (1985) backed these claims

with empirical evidence. In our view, his evidence shows that the difference in affective

appreciation of the major and minor modes can be incorporated in the set of

transformations for earcons. The major/minor transformation can then be used

specifically to create affectively–charged earcons for use in affective human–computer

interfaces.

Because of our interest in affective–computing research, we developed task–irrelevant

emotionally–charged earcons that carried either a positive or a negative valence, using the

major/minor distinction in Western tonal music (Crowder 1984, 1985), to investigate

whether affective–congruency effects are phenomena that researchers in affective

computing should take into account. The present study, therefore, employs a stimulus–

response compatibility paradigm to investigate whether maintaining affective correspon-

dence is important for affective human–computer interfaces.

Using this distinction between major and minor mode, we were able to convert our

multimodal picture–categorization task (Lemmens et al. 2001) from a task that originally

contained only one affective aspect into a variation containing two affective features. We

expected that the introduction of this additional affective component would lead to

affective–congruency effects, because the newly added affective valence of the earcons

could relate to the affective valence of the responses—participants had to respond using

2018 P. M. C. Lemmens et al.
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positively or negatively valenced Yes or No response buttons. The pattern that we

expected was based on the dimensional overlap, which is the (degree of) similarity of a

stimulus and response feature (Kornblum et al. 1990) between the affective valence of the

earcons, and that of the responses that participants need to execute. For instance, we

expected that participants would be faster executing a positive response to trials that

contained an earcon in major mode than for trials (requiring a positive response) with an

earcon in minor mode, because the former trial has a more natural relation between the

affective aspects of stimulus and response than the latter trial. The relationship between

major and minor earcons and the response categories Yes versus No presumed here

presupposes a positive valence associated with Yes–responses and a negative valence

associated with No–responses. Of course, this relationship may be questioned and can

be said to be highly task–dependent. The response ‘‘No’’ to the question of whether

someone has cancer or not, for example, will certainly have a positive valence. In the

present context and tasks examined, however, care was taken that Yes– and No–

responses were linked to positive and negative valences, respectively. Therefore, we

considered the former type of trial congruent, and the latter type were considered

incongruent. The expectations for trials requiring a negative response were similar. A

negative response to a trial with an earcon in minor mode was congruent, and therefore

expected to show smaller response–time latencies than a negative response to a trial with

an (incongruent) earcon in major mode.

2. Method

We used an affective animate/inanimate decision for line–drawings of animals and

musical instruments, by instructing participants to press the Yes or No button in response

to the question ‘‘Is the picture you see that of an animal? Yes/no’’. This way, pictures of

animals were (implicitly) associated with Yes responses.

We used a task manipulation to balance the design of the experiment, to ensure that

participants gave positive (yes) responses to the pictures of the animals in one part of the

experiment and positive responses to the pictures of the musical instruments in another

part. For instance, one instruction had an example which simply confirmed the above-

mentioned question of the instruction (‘‘. . .For instance, if you see a rabbit, press the

button with the label ‘Yes’ . . .’’). The other instruction reversed this response–to–stimulus

assignment: ‘‘. . . For instance, if you see a rabbit, press the button with the label ‘No’

. . .’’. Essentially, in this condition we forced participants to provide the wrong answer to

the question.

2.1. Participants

Twelve psychology students took part in the experiment, for either e3.00 or partial

fulfilment of course requirements. Their mean age was 23.1 years; three participants were

male.

2.2. Materials, stimuli and design

Because of the multimodal aspect of the experiments, both auditory and visual stimuli

were employed. The auditory stimuli used were earcons in major and minor mode, which

were C4 and C5 major and minor triads in root position (Crowder 1985), with a duration

of 2500 ms, created by a professional sound–designer using a Roland midi module.

Affective congruency effects 2019
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The visual stimuli consisted of 16 black and white line–drawings of animate and

inanimate objects. The animate objects were limited to animals: a squirrel, a butterfly, a

cat, a dog, a lion, a bird, a cow, and a frog. The inanimate objects (limited to musical

instruments) were a violin, a trumpet, a drum, a saxophone, a guitar, a flute, an

accordion, and a harp. Care was taken to ensure that all pictures were approximately the

same size when displayed on the experimental equipment.

The experiment was carried out on a Macintosh PowerMac G3 equipped with a 17 inch

screen. A button box attached to the experimental computer was used to accurately

synchronize the presentation of the visual and auditory stimuli, and to register response–

time latencies. One button was labelled ‘‘yes’’ and another button was labelled ‘‘no’’ (the

actual labels were in Dutch); the order of the labelling was counterbalanced between

subjects to prevent effects of preferred hand, and to prevent a confound due to a possible

natural tendency to assign affirmative responses to the right hand (Wentura 2000). Simple

stereophonic headphones were used to present the earcons (although no stereophonic

effects were used).

The experiment employed a blocked within–subjects design with the factors

compatibility and picture category. The design incorporated four conditions that were

different with regard to the fixed relation between the affective valence of the earcons and

the affective property of the response within a trial block (see table 1). One trial block

reflected an affect–congruent relation: all pictures of animals, requiring a ‘‘yes’’ response,

with the sound of the C5 major chord, and all pictures of the musical instruments

combined with the C5 minor chord; another trial block implemented the affect–

incongruent relation (the pictures of animals with the minor chord and pictures of the

musical instruments with the major chord). The remaining two blocks implemented a

condition in which both categories of pictures were accompanied by the same sound

(called affectively neutral). These neutral blocks were included as control conditions.

Note that table 1 also shows that we always called the combination of major earcons and

positive responses (as well as minor earcons and negative responses) congruent, while

combinations of minor and positive (or major and negative) were always called

incongruent.

Table 1. The various combinations of pictures and types of sound used in the experiment.

Task: Animal!Yes

Picture category Sound type

Animal major (8) minor (8) major (8) minor (8)

no sound (8) no sound (8) no sound (8) no sound (8)

Instrument minor (8) major (8) major (8) minor (8)

no sound (8) no sound (8) no sound (8) no sound (8)

Task: Instrument!Yes

Animal major (8) minor (8) major (8) minor (8)

no sound (8) no sound (8) no sound (8) no sound (8)

Instrument minor (8) major (8) major (8) minor (8)

no sound (8) no sound (8) no sound (8) no sound (8)

Note that sound type represents the major/minor distinction used to create the earcons in major and minor

mode, but also includes the soundless baseline trials (n¼ 16) within a trial block (n¼ 32). Numbers in

parentheses represent the number of trials. The trial blocks marked in bold contained the congruent

condition, with italics indicating trial blocks that were incongruent.

2020 P. M. C. Lemmens et al.
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The task manipulation ensured that the experimental design was balanced with respect

to the assignment of responses (yes or no) to the two categories of (visual) stimuli

(animals or musical instruments). Each of the four trial blocks was carried out once in

each response-to-stimulus assignment. This resulted in eight experimental blocks: four

trial blocks for the Animal!Yes response assignment, and another four for the

musical Instruments!Yes assignment. Half of the participants started with the

Instrument!Yes task and then carried out the other assignment; the other half started

with Animals!Yes.

Each trial block contained 32 stimuli: 16 stimuli in the picture–sound combinations

indicated, and 16 without sound to create a baseline condition (see table 1). The total

number of trials was therefore 32 trials64 blocks62 tasks¼ 256 trials per experiment.

Within a block, the stimuli were randomized differently for each stimulus list. The

presentation order of the blocks over participants was according to a digram–balanced

Latin square.

2.3. Procedure

Participants were instructed to press buttons according to a question that was posed

before commencing the experiment. For both tasks the question was ‘‘Is the picture you

see that of an animal?’’. However, for the Instruments!Yes assignment, participants

were instructed to press the ‘‘no’’ button for pictures of animals, and the ‘‘yes’’ button

upon presentation of a musical instrument, with examples given in both written and

verbal instruction. Participants were instructed to do this quickly and accurately; they

were not explicitly instructed to ignore the sounds, but neither were they encouraged to

relate the sounds to the pictures they would see or to the responses they would make.

Participants could practice on sixteen trials randomly drawn from the set of experimental

trials.

The presentation of a single trial started with the presentation of a fixation cross for

500 ms (plus an alert beep). After a 500 ms pause, the visual and auditory stimuli were

presented simultaneously. The visual stimulus was presented for 300 ms. The maximum

response-time was 2500 ms. The intertrial interval was set at 1000 ms. The entire

experimental session had a duration of approximately 25 minutes.

3. Results

Before data analysis, response omissions and errors were pruned from the raw data.

The number of trials removed amounted to 2% of the total number of trials of

both tasks. Because of the small number of errors committed and because the number of

errors did not differ between the two instructions, no error analysis was carried out.

As only the data from the congruent and incongruent blocks were of interest for the

current study, the data from the affectively–neutral blocks were not used in the

following statistical analysis; similarly, the baseline trials (without sound) were also not

included.

A repeated measures analysis of variance (ANOVA) was carried out with picture

category (animal or instrument) and compatibility (affectively compatible or affectively

incongruent) as within–subject factors. Means and standard errors are presented in

figure 1.

The analysis showed that participants were significantly faster when they responded to

pictures of animals (444 ms) than when responding to musical instruments (504 ms;

Affective congruency effects 2021
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F(1,11)¼ 13.529, MSE¼ 3182.2, p¼ 0.004). The main effect for Compatibility was also

significant (F(1,11)¼ 7.388, MSE¼ 2175.2, p¼ 0.020). Participants responded, on

average, 36 ms faster to incongruent trials than to congruent trials (456 ms and

492 ms, respectively).

The interaction Picture Category6Compatibility (F(1,11)¼ 8.322, MSE¼ 301.9,

p¼ 0.015) showed that the difference between the congruent and incongruent condition

was significantly larger for the musical instruments (51 ms) than for the animal pictures

(22 ms). That congruency effect proved to be significant only for the musical instruments

(F(1,11)¼ 10.520, MSE¼ 2974.5, p¼ 0.008).

We also carried out a post-hoc analysis to investigate how the somewhat awkward

Instruments!Yes instruction affected performance. To do so, we decided to incorporate

the different response-to-stimulus assignments as a factor Task (Animals!Yes or

Instruments!Yes) in the analysis design (Task6Picture Category6Compatibility; see

table 2). A repeated measures ANOVA showed that participants were marginally faster in

the Animals!Yes task (445 ms) than in the Instruments!Yes task (504 ms;

F(1,11)¼ 4.517, MSE¼ 18579, p¼ .057), but all interactions involving task were not

significant.

4. Discussion

Stimulus–response compatibility (SRC) phenomena have provided important insights

in human factors research, for instance concerning the spatial layout of interfaces

(Vu and Proctor 2003). Findings of semantic- and affective-compatibility effects

Figure 1. Mean response–time latencies (ms) of the overall analysis of Congruency and

Picture category. RTs and SEs (in parentheses) at the bottom of each bar.

2022 P. M. C. Lemmens et al.
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(De Houwer 1998, De Houwer and Eelen 1998) seem to suggest that also on those levels

of interface design, it is important to maintain correspondence to ensure optimal

performance. Affective–compatibility effects are especially relevant for affective–

computing research (Picard 1997), but, to our knowledge, have not yet been investigated.

We therefore carried out an experiment in which the auditory components (earcons) in a

multimodal picture–categorisation task (which already employed affectively–charged

positive and negative responses) were enriched with positively– or negatively–valenced

affect. Based on the literature on affective–compatibility effects (see, e.g. De Houwer and

Eelen 1998, De Houwer et al. 2001), we expected that during information processing, the

relation between the affective charge of the auditory component of the stimulus and the

affective valence of the responses would result in affective–congruency effects.

The results show a multimodal affective–congruency effect: participants were

significantly faster in responding to certain combinations of affective valence of the

earcons and affective valence of the responses. In this experiment, the advantageous

combinations were positive responses to trials with earcons in minor mode and negative

responses to trials with earcons in major mode. Compared to our original expectations,

however, this congruency effect shows a processing advantage for the less natural,

incongruent trial types. If we assume that the positive response with an earcon in major

mode (or a negative response with an earcon in minor mode) is the more natural,

congruent combination, then we must conclude that our participants interpreted the task

and stimuli in a way that we did not anticipate.

We consider two potential explanations for the reversal of the congruency effect.

Observe that the largest congruency effect was observed for the subset of data from the

instrument pictures in the Instruments!Yes part. Considering the relative size of the

effect in that subset of data compared to the effect in the other three subsets (see table 2),

the overall congruency effect may have been overestimated, due to the relatively large

Table 2. Mean response-time latencies (in ms) for the congruent and incongruent conditions
for each picture category from each instruction, with the data from the baseline condition

included. Standard errors in parentheses.

Task: Animal!Yes

Picture category

Animal Instrument

Congruency With earcon Without earcon With earcon Without earcon

Congruent 433 (32) 432 (26) 495 (40) 458 (29)

Incongruent 440 (20) 413 (25) 440 (21) 428 (24)

Task: Instrument!Yes

Instrument Animal

Congruent 564 (55) 453 (33) 478 (45) 502 (43)

Incongruent 517 (48) 474 (35) 455 (34) 442 (35)

Note that the data presented on one row represent the data acquired in one trial block. The column

‘Without earcon’ presents the data of the baseline trials without sound from the same trial block. The

picture category assigned the ‘‘Yes’’ response is always presented first. Congruency is determined by the

dimensional overlap between the affective valence of the responses and the major or minor earcons. This

implies that in the Animal!Yes task, in the congruent condition, the pictures of the animals were

presented together with an earcon in major mode (see table 1).

Affective congruency effects 2023
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impact of the congruency effect of the instruments in the Instruments!Yes part. Our

first explanation relates to the presumed association between positive valence and Yes–

responses and negative affective–valence and No–responses. Our request to execute the

wrong response (relative to the implied answer to the question ‘‘Is it an animal?’’) in

the Instruments!Yes part of the experiment may have uncoupled or even reversed the

presumed association. That is, despite the fact that participants had to execute a No–

response to the picture of an animal, this No–response may still have carried positive

affect because of the implied positive response to the question posed in the instruction.

This effect, secondly, may have been complicated further by the fact that participants

may have relied on a stronger relationship between the pictures of the musical

instruments and the earcons in major and minor mode than between the animals and the

earcons, because the instrument pictures and earcons both have a musical character.

We also obtained an effect of picture category representing a processing advantage of

pictures of animals over the pictures of the musical instruments. In our view, this

processing advantage is similar to the animacy effect that von Studnitz and Green (2002)

obtained in a language-switching task, which also used the animate/inanimate distinction

(see also de Groot 1990, Brousseau and Buchanan 2004). The animacy effect refers to a

simple processing advantage for biological living things, whose origin may lie in

evolutionary benefits for animate objects (Caramazza and Shelton 1998).

These findings carry two important messages for affective–computing research, and

human–factors research in general. The first message relates most strongly to affective

computing, and is that affective–compatibility effects can cause performance decrements

in affective human–computer interfaces that do not maintain affective correspondence

between signals or events. Earcons are a fruitful way of communicating affect, although

their relation to task aspects that are not immediately relevant must be explored further.

Earcons could be used, for instance, in any program employing emoticons, to more easily

differentiate between positively and negatively valenced emoticons. The second message is

that, for human–factors research, it is sometimes difficult to predict the strategy that

participants formulate (often covertly) to carry out a task that they are given. The present

results show that the effects of such strategies can be important even under laboratory

conditions; under real-life conditions, their impact may even be stronger.
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