Mit Media Laboratory Perceptual Computing Section Technical Report No. 524

Affective Objects

Jocelyn Scheirer and Rosalind W. Picard

MIT Media LaboratoryRoom E15-383

20 Ames Street, Cambridge, MA 02139-4307

{ rise, picard}@media.mit.edu

Abstract

T his paper will attempt to define a ne warea of research : affective co mmunication through the use of affective objects . An affective object maybe defined as any physical object which has the ability to sense emotional data fro ma person, map that infor mation to an abstract for mof expression and co mmunicate that infor mation expressively, either back to the subject herself or to another person. T his paper will also propose a theoryo f ho w to utilize existing kno wledge (i.e. ho w humans interpret the expressive qualities o f modalities such as color, sound, and light) to infor mthe invention process.

1 Introduction

Co mmunication technolo gies have traditionallyemphasized the pragmatic. T elephony, videoconferencing and online dialo guing exemplify current options for transmitting infor mation among conversatio nal participants. T he primar yrole of these systems is to send the intended communication in a for mat that resembles in-person co mmunication as closelyas possible. Upgrades and enhancements to these syst e ms tend to focus o n improving the existing algorithm (i.e., the latest-mo d el videoconferencing set-ups have higher band width and larger screens than earlier models).

Researcher s have begun to explore alternative options for conversational mediation and augmentation [12,

24]. Particularlyin the area of emo tion co mmunication, traditional methodologies are recognized to be deficient. It is becoming increasingly apparent that alternative methods o f augmentation must be added in order to expand the "emotio nal band width" in a mediated dialogue. For examp le, online chat systems and bulletin boards are proliferating with options for adding icons and other graphical representations to augment co mmunicative content. Attempts have also been made to incorporate the use of physical objects in co mmunication [16]. T hese new systems tend to map the emotio n in conversation to some kind of nonverbal expressio n.

T he formthis mapping can take varies widely. So me builders follo w the model of facial expressions and develop features that allo w the user to add ^ smileys~ or other facial infor mation to text-based messages.

So me give the user the ability to change the color of the text itself. So me have explored the use of physical objects, such as Brave et al’s [9] InT ouch system, which uses a dual-site rolling-pin device to co mmunicate so me aspects o f touch. T his research is important because it provides new options in emotion communication, but it is badlyin need of a coherent theor yfor ho w to think about building objects that communicate emotion. Such a theor ywo uld require not only kno wlege of the emotio nal response system, but sho uld guide mappings in a way that is str uctural rather than arbitrar y. T he fields of sensor y physiologyand artistic technique are rich with guidelines to direct the builder of emotion-med iating technolo gyin deriving mappings for the expressive qualities of a device.

2 Rationale

Initially, one might question the necessityo f exploring no vel for ms of emotional co mmunicatio n. After all, human evolution has alread ymade us exq uisitelysensitive to the emo tional nuances o f language and nonverbal behavior. Not onlydo children begin to acquire language at a ver yearly age, but they also gain the abilityto interpret nonverbal cues. In fact, it is beco ming apparent that children develop these capabilities even earlier than originallythought, and that the limitation for research is not their age, but in devising instr uments to accurately assess the nonverbal abilities of ver y yo ung children [5]. Birdwhistell

[3] even suggests that o ver 80% of human co mmunication is encoded in facial expressio n and bod y mo vements. T his research might be interpreted as suggesting ver ylittle need for technologies to include alternate for ms of nonverbal expressio n.

T hus, it is so mewhat radical and counterintuitive to imagine building devices with emotion-expressing capability, because we don’t really need them. T his kind of thinking is similar to our ancestors deciding that theyreally didn’t need to use the new technolo gyof fire to cook food because eating raw food was perfectlynutritious. It is, and we could all sur vive on rawfood adequately, but the no w-available varieties of cooking provide variety, enjoyment, and entertainment, as well as a for mof creative expression. T o say that researcher s sho uld focus on building co mmunication technolo gies that duplicate the human’s innate mechanisms is inherently limiting. A leap of faith is necessar yin order to viewtechnolo gyas co ntributing to the evolution of natural communication into augmented communication.

T he abilityto digitize and store infor mation is the keyfactor that makes this leap possible. Digitizatio n makes it easy to gather data fro mone kind of signal and almo st instantaneo usly turn it into so mething else.

Synesthesia, a rare but non-life-threatening neurological co ndition, is a good metap hor for this rechannelling of infor mation. T he synesthete has a neurological makeup that is different fro m no nsynesthetes in that the part of the brain that processes sensory infor matio n does not interpret the boundaries that separate one kind of sense fro manother [11]. For example, mo st of us just hear sounds when we listen to music. A sound-vision synasthete might hear the musical tones, and simultaneously see colors, or shapes or so me other kind of visual experience. T he associations that anygiven synasthete has are always idiosyncratic -- two individuals mayboth associate colors with sounds, but theywill probablynot associate the same sounds with the same colors. T his has inspired many synesthetes who are also artists to produce works that let the public "see" what they see. One famous example of this was Scriabin, whose master orchestral wor k "Prometheus" was originallywritten for both orchestra and a "light organ", which projected colors onto the auditorium wall at appropriate times during the music.

For years, artists have attempted, through various methodologies, to produce " synesthetic art". Recently, an entire volume of the art and technology journal Leonardo was devoted to this ver y topic [20]. Building these kinds of sensor ytranslation systems was ver ydifficult before the advent of digital technologies. T he

"Prometheus" light organ, for example, required a contraption made of pulleys, wires, candles, and transparent colored films connected to an augmented organ that projected the appropriate colors at the right times. With digital technology, the streamof numbers used to create a musical sample can be easily reprocessed in a graphical algorithmto produce colors. T his ease and flo win the use of digital samples is what can make possible the augmentation of human co mmunication. Instead of sensing infor matio n

(through video, audio, haptic, or other means) and translating it verbatim, we can instead use the synesthete as a model, and process the signal into a different for mat.

3 A Model

Elam’s [13] analysis o f what happened in the art world with regard to painting in the mid -1800s may provide insight into ho w a sea change can influence the trajectoryof a field of thought. Before photographywas invented b y Daguerre in 1830, much of the driving force behind painting styles was the develop ment o f techniq ues for realistic rendering of what the painter saw. Schools trained the artist in such techniques as perspective drawing, with the goal being the maximization o f realism. T he development of painting over several hundred years prior to the 20th centur ysho ws the increasing abilityo f artists to accuractlyrepresent the real world. T he idea of painting anything less representational was probably outside the abilityof manyindividuals to imagine. When photography emerged, it broke an important barrier. It was no w possible for so meone to snap a photograph and make an exact cop yof reality on the two -dimensional sur face. A remarkable thing then happened to painting:

^�the invention of photography changed the way that artists approached their work. Photography diminished the need and desire for art to simulate reality in the visual recording of people, events and objects, and because photography was able to capture reality so well artists could not compete.

Accordingly, the concept of recording reality shifted to interpreting reality. This new idea of translating the subject matter in art welcomed innovation and abstraction.~ [13]

No longer constricted b ythe need to make paintings realistic, mo vements grew up that freed painters to start wor king abstractly and symbolically. While so me artists continued striving to ward perfect linear representation, others saw this as a chance to reconceive the direction o f their work. So me of the first artists to do this included Picasso, Kandinskyand Miro. T heyinspired movements such as Cubismand

Abstract E xpressio nism[35]. T he art world entered an era of creativityand variety that was previo usly unimaginable, which in tur n influenced the thinking of the world around it.

If we were to attempt a graphical interpretation of this phenomenon, it might look like Figure 1. T he horizontal line represents perfect rendering, and the curved line represents the trajectoryof painting. At the crucial time point in 1830, the previously diagonal slope of the line (demonstrating a gradually increasing profiencyo f artists at representing the three-dimensio nal world) begins to diver ge fro mits course. T he various bump s and do wnward trends post-1830 visualize the decreased realismo f various schools of abstractio n. Note that the curve representing the trajectoryof painting in the figure is hypothetical, and the peaks and valleys do not correspond to anyparticular events in histor y.

Figure 1: RealismTrajectory of Painting

What can co mmunication technolo gists learn fro mthis p heno meno n as Elamdescribes it? If we think

about what technologists have been doing with co mmunicative devices, it is similar to the pre-1890´s

painters tr ying to depict realityo n paper or canvas. T he primar ygoal has been to make mediated

communication as much like face-to-face exchange as possible. Phones get faster; videoconferencing

equip ment designers eke out more band width for their systems. All o f these efforts are built on the

assumptio n that emulating face-to-face co mmunication sho uld be the ultimate goal of designers.

Instead, perhaps more designers should take a hint fro mthe revolution in tho ught afforded byphotography.

In fact, the two situations have much in co mmo n. Both the pre- Daguerre painters and many current

builders of co mmunications technologysuffer fro ma lack of perspective on their situation. For the

painters, their field took a radical turn when 100% realismwas attained. Co mmunicatio ns technology is

much farther fro mthat 100% mark, but rather than waiting for that innovatio n to occur, we can alread y

begin to explore alternative methods for co mmunicatio n.

Figure 2: RealismTrajectory of Painting vs. Communications Technology

In the Co mmunications T echnolo gypart of Figure 2, we thus see a similar horizontal line, where 100%

communication wo uld represent the equivalent o f the invention of photo graphy-- per haps so mething like

full-bod yholographic co mmunication. T he curved line differs, ho wever. Since 100% realism is no where

near being achieved, it is likely that co mmunications research will continue in its current direction,

probablybeco ming asymptotic so metime before it reaches that perfect mar k. But according to the painting

example, research concurrently co uld be diverging into the exploration of inno vative and abstract for ms of

communication; manydirections in parallel. Essentially, we can conceive of co mmunications technology

as headed in a similar direction as representational painting. Ho wever, instead of waiting for the critical

event o f perfect co mmunication devices, vie wthe technolo gy as readyfor divergent, multiple areas of

exploration to exist concurrently. We suggest that one possible directions for this ne wkind of research is

affective objects .

4 Building the affective object: sensing

T he first issue in building an affective object is ho wto gain access to the affective content. T his can be

addressed in several ways.

One possible mechanism for sensing is physiological parameters generated b ythe autono mic ner vous

system. Caccioppo et al [10], and Bradley, et al [8] give good synopses of the parameters of the autono mic

nervous system and ho w psychophysiological measures such as EM G, blood pressure and galvanic skin

response react to different stimuli and behave during emotional episodes. While there is still much debate

about emotion specificity to physiological parameters, states such as arousal are relatively robust within a

single signal, such as the skin cond uctivityresponse. Physiological signals may be unobtrusivelygathered

byplacing sensors into wearable devices, or mer ging theminto objects we are in contact with ever yday,

such as co mp uter mice, keyboards, and furniture.

Another fertile area for emotion signals is the vocal response. Pittamand Scherer [27], and Murrayand

Ar nott [22] describe several parameters that correspond to affect in voice. T here manyredundant cues that

collapse into three important areas, namely : 1. utterance and silence lengths, 2. pitch contour s, and 3.

loudness. T he vocal signal is easilycaptured byinexpensive microphones.

Facial expression is yet another inp ut mechanism. Ekman [14], among others, describes categorical facial

expressions and examines cross-cultural similarities. Cameras, though o ften controversial with regard to

privacyissues, can be used to unobtrusively mo nitor facial expression and to track lips and eyes.

Lastly, though results are not sho wn in the literature yet, our laboratoryis exploring hypotheses about ho w

people´s handling of objects ˘ squeezing, holding, touching, etc. -- will prove to be fruitful infor matio n

sources about arousal and tension levels.

5 Building the affective object: mapping

Old theories in psychology´s histor y, tho ugh no wantiq uated, can provide insight into the mapping

problem. Allport [1] describes two such theories: physiognomy and graphology . T he two theories are

so mewhat similar ˘ physiognomy refers to the stud yo f the totalityo f so meo ne´s mo vement patterns ˘ gait,

posture, mannerisms, etc; graphology refers in particular to the stud y of hand writing analysis. At the time

of Allport´s writing, the belief was that one could analyze the behavior of a subject in these do mains, and

be able to discern personalityfeatures fro mtheir gestures or their writing. Particular movement patterns

were hypothesized to correlate with appropriate personalityfeatures. For example, if ^John~ tends to

mo ve with quick and light gestures, one might conclude that he is conscientio us and efficient. T he theorists

aligned with this school of thought tried to develop a coherent model of these correlations. Modern

psycholo gyno longer approaches the stud yof personalityfrom this perspective. Ho wever, an important

lesson may be learned fro mthe mistakes made b ythe early physiogno mic theorists. One o f the problems

with this research was that the theorists tried to performsubject-independent analysis. T heyattempted to

discover univer sal cues that wo uld differentiate personality or emotion across many subjects. T his

approach could not lead to satisfying data sets. Ho wever, if the subject´s patterns are approached fro man

intra-individual perspective, it may in fact be be possible to ascribe meaning to fluctuations and changes.

Belo wis an examp le of my signature (figure 3). T his is the wa y that I nor mally sign documents and write

letters. So meone that I wr ite notes or letters to regularlybeco mes accusto med to my hand writing looking

like this, over a period of weeks and mo nths.

Figure 3: Normal Signature

Perhaps one day, I wr ite a note, and it looks like Figure 4 instead.

Figure 4: Altered Signature

T he recipient (if it is so meone who receives frequent correspondence fro mme) alread yknows so mething

about the state I was in when I wrote it ˘ namely, that so mething was different fro mthe state I ´mnor mally

in when I write. T he reader mayhave a few guesses. Perhaps I was in a hurr y. Perhaps I have an injur y

and it was hard to write. Perhaps I was writing in a vehicle. Whatever it was, there was something

different, and it might pro mpt the reader to ask me about it, even if the questio n was simply, ^Your

hand writing looks unusual. Why does it look different?~ T he same pheno menon would applyto my gait.

If I were to walk slo wer, or in a different manner than usual, I might be asked if I amtired or depressed, or

if I sprained my ankle. T his ability to discern slight differences in a pattern is a hard -wir ed response in o ur

brains. T he human brain is prewired to pick out patterns and deviations fro mthe environment [30]. T hus, a

first principle for understanding ho wto design an object to be expressive might read as follo ws : if we give

an object any expressive ability, people will, over time, be able to naturally perceive differences .

According to the theor yI have just described, it follo ws that I should essentially be able to map the

affective signal to just about anything, and because the brain is predisposed to perceiving changes, the

communication o f affect changes sho uld be effective. T his is likely true. Ho wever, as a second principle,

we shall hypothesize that the easiest wayto make mappings is if they are intuitive. For this reaso n, it is

crucial to delve into the literature to explore both the ways that artists co mmunicate emo tion through

different media, as well as to stud ypsycholo gical experiments that investigate ho w subjects respond to var ying abstract stimuli. T hese areas can be remarkably parallel, and sho uld concurrentlyinfor mthe

design process.

T o aid the process of looking at this hypothesis, an ^Abstract E xpressive Space~ can be constr ucted.

Based on the dimensio nal model of emo tion used b y Schlossberg [31], and Lang, et al, [17], where the

horizontal axis represents valence (positivityor negativity) and the vertical axis represents arousal

(intensity), one can analyze manydifferent expressive modalities, including bod ymo vement, so und , fabric

texture, and others, in order to map themo nto this model.

Figure 5: Abstract Expressive Space

T here are several important points to note about this figure. One is the richness of sources that helped to

create the configuration o f labels. Both experimental psychologyand artistic technique references were

consulted as sources o f infor mation [2,4,6,7,13,17,18,22,23,24,26,27,28,33,34]. Second is the apparent

paucityo f examples in the central area of the figure. T his can be explained b ythe fact that while it was

possible to infer fro mthe sources which quadrant a given qualitybelonged to, the texts rarelyindicated

relative position within the quadrant. Additionally, the authors tended to highlight polar opposites ( i.e, the

strongest examples o f any given modality) as descriptive examp les. For example, when Boyce [7]

describes lighting conditions, he contrasts the valence of flickering light vs. unifor m/peripheral light, but

makes little mention o f the arousal dimension (of course, he was not tr ying to place light qualities o n a two -

dimensional model). It is thus up to the model-maker to make best-guesses as to where the modality being

described fits into the multi-dimensio nal space.

Lastly, it is important to realize that there are so me expressive modalities that do not lend themselves to

being characterized in such a wa y. For example, while it is straightfor ward to place musical variables such

as high vs. lo w pitch into the figure, it is not possible to put more co mplicated musical structure into such a

constrained model. According to anyanalysis of emotion in music (for example, Juslin [18], Meyer [21],

and Ro we [27]), the relative co mparisons made are complex eno ugh to prohibit their being broken do wn in

such a graphical, two -dimensional manner. T his suggests that while the model may be useful in guiding a

theor yof nonverbal expression in many simple do mains, it may yet be too simplified for expressive devices

that use a co mplex modalitysuch as musical themes or songs.

T he construction o f such a figure, as mentioned, is an exercise in interpretation. Again, the authors of the

sources which provided examples for the figure were not thinking alo ng the same dimensions as I was, so it

is necessar yto interpret their remar ks about the emotionality of expressive modalities in order to place

themin a logical place on the figure. T his process involved several different methods of interpretation,

depending on ho w the original source conceptualized the specific modality. T he next section details the

process of extracting such principles fro mvarious references.

5.1 Lighting Effects

Boyce´s [7] reference on human factors in lighting, especially lighting of the work environment, is written

as a guide for ergono mics professionals attempting to create optimal wor k conditions. One of the themes

that he repeats o ften in the book is the concept of distraction, especially the idea that ^any event that

deviates fro mthe status quo atmo sphere is distracting and mayinhibit perfor mance.~ Additionally, he

suggests that the relationship is positivelycorrelated ˘ the greater the change in the environment the more

distracting it is likely to be. Fromthis, we can infer that the best wayto create a calming environment is to

avoid distraction. Since we kno w Bo yce is referring to the kind o f distraction that connotes negative

arousal, this suggests a relationship between distracting stimuli and a position in the upper left quadrant of

the Abstract Expression Space.

Ho wever, this is not quite concrete eno ugh for the goal of the original figure ˘ what we are aiming for is

specific reco mmendations in the lighting do main, and while this infor mation about distraction is valuable,

it wo uld be better to have a more precise recommendation.

Boyce later gives a good example of a concrete reco mmendation in his discussion of flickering light.

Flickering light is distracting, and distracting is o ften negative. T his can be further qualified b ylooking at

the nature of the flicker. If the flicker is co nstant and unchanging over a period of time, its effectiveness as

a distractor decreases over time due to habituation. If the flicker is variable, ho wever, the distraction level

remains stable and studies show that subjects´ perfor mance decreases over time in the presence of the

uneven flickering light. T his is probablywh ythe constant flashing light in a discotheque is tolerable, or

even exciting to many, but an irregular flicker in one´s desk lamp while tr ying to wor k is anno ying.

+Arousal

-Arousal

+Valence

- Valence

distracting stimuli

T his no wlooks like the reco mmendation fro mthe original full figure above. We could classifythis even further to suggest that uneven flickering light is even more negative and arousing over time. T his component is so me what difficult to sho w in a two-dimensio nal figure, but if at so me point we added a third dimension to explore time´s effect on the modality, we would be able to sho wthe difference between the two modes o f flickering light.

It is important to remember that this is a broad generalization of what people find to be distracting, and also an asssumptio n that distraction is negative. T here are instances when distraction can be pleasant, or at least desired, such as the ^MT V~ style o f film editing where scene cuts occur ever y second or less. T his kind of distraction can be ener gizing to so me, with a positive valence. T he projection onto the figure wo uld then look ver ydifferent, with the distracting stimulus appearing in the upper right quadrant rather than the upper left. Distraction is thus almost always high in arousal, but the valence will var ydepending on personal and situational variables. T he reader is asked to consider the method of projection onto the figure rather than simply accepting these few concrete examples as absolutes.

Boyce also includes a table [ p. 319] that details the summary o f his findings on roo mlighting cues and subject´s impressio ns o f quality:

+Arousal

-Arousal

+Valence

- Valence

flickering light

T able 6.2: Lighting cues for subjective impressio ns

Subjective impression Lighting Cues

I mpression o f perceptual clarity Bright, unifor mlighting;

So me peripheral emphasis, such as with

Reflectance walls or wall lighting

I mpression o f spaciousness Unifor m, peripheral ( wall) lighting;

Brightness is a reinforcing factor, but not a decisive one

I mpression o f relaxatio n Non-unifor mlighting;

Peripheral (wall) emphasis, rather than overhead lighting

I mpression o f privacy Non unifor mlighting;

tendency to ward lo wlight intensities in the immediate locale of the user, with higher brightnesses remote fro mthe user; peripheral

( wall) emp hasis is a reinforcing factor, but not a decisive one

I mpression o f pleasantness Non-unifor mlighting;

peripheral ( wall) emp hasis

Nothing fro mthis table fits directly into a mapping of arousal or valence, but he does explore qualities such as pleasantness, relaxatio n, spaciousness and clarity, so we can generalize basic ideas o f positivity, negativityand arousal. His categor yRelaxatio n is a prototypical example. We kno w that the semantic label of relaxation tends to connote a positio n in the lo wer right corner of the figure:

What kinds of cues does Boyce report belong to this category? He describes non-unifor mlighting and peripheral focus, rather than overhead light. Looking at the table, there is significant overlap with the categor y^pleasantness~, which we can interpret as a semantic label that is slightlymore arousing, and slightly more positive than ^relaxing~. T his might cause us, when we place the co ncrete recommendations into the figure, to push themslightlyto the right and up:

+Arousal

-Arousal

+Valence

- Valence

Relaxing lighting

T heoretically, we should also be able to predict that the converse of these reco mmendations will sit in the corresponding and opposite space in the figure (upper left q uadrant).

It should be mentioned at this point that I realize I aminterpreting semantic labels quite freely(i.e.,

^relaxing~, ^pleasant~, ^distracting~), with regard to their valence and arousal connotations. In a more controlled for mat it would obviously be appropriate to assess cognitive labeling of these words ˘ the interpretations b ythe author will have to suffice for the p urposes of this document.

Here again, individ ual variation will play an important role. For example the use o f a spotlight on an individ ual will almost always be arousing, but the valence of the affect experienced b ythe person will var y depending on their individ ual biases and personality. A ver yextroverted person may love the limelight, and be ver ypositivelyaroused bystanding under a spotlight. A shy person mayfeel extremely unco mfortable. T he guidelines will necessarily be altered bythe specific variables in a given situatio n.

+Arousal

-Arousal

+Valence

- Valence

Non-unifor m, peripheral lighting

+Arousal

-Arousal

+Valence

- Valence

Unifor m, direct lighting

5.2 Dance

T he methods used to place modern dance moves in the figure follo w a different for mat than the ones used in the lighting example. In the relevant reference b yBoone and Cunningham[5], the subjects´ task is to label dance moves with labels of anger, fear, sad ness or happiness. T heir results sho w that with deliberatelyco mmunicated emotio n b ydancers, viewers are able to label the dance with the correct emotion more than 90% of the time. T heyextract six specific bod y-based cues: frequencyo f up ward ar m mo vement, the duration of time ar ms were kept close to the bod y, the amount of muscle tension, the duration of time an individual leaned for ward, the number of directional changes in face and torso, and the number of tempo changes an individual made in a given actio n sequence. T hese six cues are associated in different co mbinations with labels of the fo ur emotio ns, in the follo wing configuration:

Anger greater number of directional changes in face and torso greater number of tempo changes

Happiness greater number of up ward ar m mo vements greater period of time with arms kept away fro mthe torso

Sadness longer periods of do wn ward gaze less muscle tension

Fear rigid body head up and alert

It is relatively easy to place standard emotion labels into our two-dimensio nal space:

T hese are intuitive placements, but it is obvious that happiness is high arousal/positive valence, and that both fear and anger are negative arousal/negative valence, etc. Placing the dance moves on the space is no wjust a matter of replacing the general emo tion labels with the specific cues reported in the article. T he figure after this projection would look like this:

+Arousal

-Arousal

+Valence

- Valence

Happiness Anger/Fear

Sadness

T he one obvious difficultywith the superimposition of the dance mo ves o nto this figure is the fact that anger and fear occup ybasically the same space on the arousal/valence axis. T he differences between them are more subtle than can be explained b ythese two dimension (this is in fact a crucial debate in the psycholo gyfield regarding cognitive labeling of emotion ˘ for a detailed explanation, the reader is referred to Schacter and Singer [29]).

5.3 Music

T he source used for so me o f the music mappings required a similar theoretical approach as the dance mappings. Juslin [18] asked musicians to create renditions of the same piece with fo ur different emo tional tones : happ y, sad, angr yand fear ful. He then investigated subjects´ ability to properlylabel the pieces with the emotio n label matching the perfor mer ´s intent.

In his discussio n sectio n, Juslin reports on the musical cues that were associated across perfor mers with intended emotional expression:

^T he perfor mance analysis sho wed that (a) anger was associated with high so und level, fast tempo, and legato articulation, (b) sadness was associated with high sound level, fast tempo, and legato articulation, (c) happiness was associated with fast tempo, high sound level, and staccato articulatio n, and (d) fear was associated with lo wsound level, staccato articulatio n, and slo w tempo.~ (p. 412)

So me of these cues are obviouslyredundant and sho uld not be considered as viable data for the two - dimensions considered together. For example, high sound level and fast tempo are cues for both anger and happiness. Ho wever, both anger and happiness are emotio ns with a high arousal dimension, so the cues could be mapped more simply to a high positive positio n on the arousal axis. T he reader also maynotice that fast tempo, in this reference, is associated with sadness. It is generallyaccepted that speed is associated with increased arousal as a universal pheno menon, so this seems counterintuitive. In fact, Juslin comments on this in the original paper, noting that this one effect is likelyspecific to guitar music and likely will not applyto other instruments.

Additionally, so me of the other cues can be easily mapped to the figure, using the same theoretical premise for mapping emotio n labels as in the dance example:

+Arousal

-Arousal

+Valence

- Valence

Rigid Body,

Head alert

Head down,

Slack body

Rapid movements

Varying Tempo

Upward Arms,

Awa yfrom torso

5.4 Color

T he color examples in the figure are demo nstrative of perhaps the easiest wayto map a modalityonto the two -dimensional space. T he source of the mappings co mes fro mValdez and Mehrabian [34] who literally discuss the arousal dimension with regard to color, in their review of a Jacob and Suess article fro m1975.

Altho ugh the experimenters did not control for brightness and saturation values, their results o n subjects´ reactions to hue were as follows~

^Nevertheless, it is noteworthy that higher state-anxietyscores were associated with red and yello w than with blue and green. Because anxiety involves displeasure and high arousal, the latter findings were consistent with results fro mstudies of physiolo gical reactions to color (demonstrating that red and yello w were more arousing than blue and green) and with studies o f color preferences (sho wing that red and yello wwere less pleasant than blue and green).~ (p. 396)

T his leads to a prediction later in the paper for Valdez and Mehrabian´s o wn experiment: ^Longwavelength hues are more arousing than short-wavelength hues. T his statement is then very easy to map onto the figure:

+Arousal

-Arousal

+Valence

- Valence

Yellow, Orange, Red

Blue, Green,

Violet

+Arousal

-Arousal

+Valence

- Valence

Low, soft pitch

Hi, loud pitch

One could do a similar mapping with the reports of pleasantness, where short wavelength hues are reported to be more pleasant (evocative of positive valence reactio ns) than the long wavelength hues, leading to this figure mapping:

T his could lead to a hypothesis that co mb ining the t wo previo us figures wo uld result in the follo wing placements:

Valdez and Mehrabian also explore the effects o f gradients on anxiety, and report on Profusec and Rainey´s

[1987] investigatio n of roo ms painted in pink vs. red. As hypothesized, pink elicited less anxietythan red.

T his indicates evidence for the viabilityo f gradients being mapped to the arousal dimensio n. Later in the

+Arousal

-Arousal

+Valence

- Valence

Yellow,

Orange,

Red

Blue, Green,

Violet

+Arousal

-Arousal

+Valence

- Valence

Yellow, Orange, Red

Blue, Green,

Violet paper, Valdez and Mehrabian echo this result with their o wn finding that the brightness level o f achro matic color samples varies in the same direction with regard to subjects´ self-reported arousal. T his maps to the two -dimensional figure as follo ws:

T hese examples too are meant as broad guidelines, and not absolutes. For example, an adolescent male tr ying ver yhard to assert his masculinity maybe ver y influenced bysocietal attitudes to ward pink as a

^female~ color. If asked to sit in a pink bab y´s roo m, he might feel out of place and quite unco mfortable, thus causing his arousal response to be higher than that predicted bythe figure. Likewise, if the color red is my favorite and I surround myself with red objects, I may come to be co mforted and soothed b ysuch hues, and respond with lo w instead of high arousal.

6 Selected Examples

In order to illustrate the guidelines such a figure can offer, we will no w explore a selected area - color - in more detail.

As well as using hue as an expressive modality, the color´s gradient, or saturation level, can be used as well. In his discussio n of color mixing, Itten [17] describes the variatio n in expressive po wer that is achieved b ymixing pure color with either white, black or gray to for mgradients. In particular, he states that a wash that contains anyamo unt o f color deviating fro mp ure grayimmediatelybeco mes expressive.

Fro mthe perceptual literature, Valdez and Mehrabian [34] found that a significant amount in the variance of subjects´ emotional response to color came not fro mthe color’s hue, but fro mthe brightness and saturatio n levels of the color.

+Arousal

-Arousal

+Valence

- Valence

High Color Intensity(Brightness)

LowColor Intensity(Brightness)

Figure 6: Saturation Level and Self-reported arousal [33]

What can we learn fro mthis? One design principle we might extract fro mthese points is that using gradients o f color may be useful for expressing changing emotio nal parameters, and in fact may even be more useful than using hue as an abstract parameter. T he other principle we can extract is that if we do choose to use hue as an expressive modality, that the saturation and value should be kept constant, because these aspects of the color may confound the expressio n results.

A seco nd examp le is the use of color contrast. Itten [17] suggests that o ften it is the relationship between colors, rather than a single hue, which contains the most expressive qualities. It is the visualization o f one color directlyalongside another color that makes available the expressive qualities. Parker [23] additionallysuggests that so me colors, such as pink or lavender, have a chameleo n-like q uality, in that they take on mood qualities depending on which hues theyare placed alongside. If they are placed with red, theytend to look war mer, and if they’re placed alongside blue, theylook cool.

Figure 7: Color Illusion

Sekuler and Blake suggest a ver ysimilar concept in their discussion of visual psychophysical illusions [32].

Figure 5 sho ws the same color in each pair of circles, but against differently hued backgro unds. I f you compare the two, the illusio n suggests that the pairs of same-color circles are actually different shades, when in fact theyare exactlythe same. A design principle suggested b ythis example might be that so metimes the relationship between two colors may be a way to present emo tional expressio n through color.

In fact, the relationship between t wo or more colors is significantly more subtle than that implied b ythe discussion above. Not onlyis there interactio n between hues, but between saturatio n and brightness levels of those same hues. Color harmony is an important concept for the perception of affect, influencing whether the figure is received as pleasing or discordant. It is difficult to separate the affective qualities of one color versus another since we tend to perceive groups of hues as gestalts:

^In reality, though, colors appear as interrelated visual sensatio ns, unpredictable fro mlooking at the colors in isolatio n. For instance, certain colors, when placed next to each other, can look ^exciting,~ as if vibrating at their boundaries. Other colors can look ^subdued~ when placed next to each other; still so me other colors can look so mewhere along a continuum between ^subdued~ and ^ener getic.~ T hus, color experiences have a magnitude associated with them, which can range between low magnitude and high magnitude. Experience of color is the response to color relationships, as deter mined b ythe magnitude of the interaction between colors.~ [15]

T he stud yof such interactions infor ms both the process of color perception as well as the design criteria for using color in art or in practical life. For a detailed discussion o f the pheno mena o f color experience the reader is referred to Feldman [15].

T hese detailed analyses are two examples of ho w art and perceptual studies can infor mthe design of abstract affect co mmunication devices. We further suggest that this kind of extractio n of principles can be repeated for anymodality, be it so und, tactile feedback, or another for mo f abstract visual expressio n.

7 Prototypes

Our laboratory has put these design principles into practice with several example affective objects. Below, we describe two such objects, making use of color principles.

Touch Phone : T hrough an abstract visualization using screen-based color changes, a standard telephone is able to communicate ho wit is being held and squeezed. T he handset has been modified to include a touchsensitive surface that conveys the user ´s physical response over a co mp uter networ k. T he recipient sees a small colored icon on his co mp uter screen that changes in real time according to the way his conversatio nal partner is squeezing the telep hone handset. T his object explores the abstract modalityo f hue change as a communication medium. T he colors of the T ouch Phone icon correspond to the strength of sq ueezing, mapped to the color spectrum. If the user is in a relativelyrelaxed state (as expressed b ytouch), the icon is blue. If the user is extremelytense, the icon will tur n red. Neutral states produce green and yello w hues.

T he T ouch Phone utilizes a standard emotion-color mapping, where colors with lo nger wavelengths (reds and oranges) represent stress, and the colors with shorter wavelengths (blues and greens) represent physical relaxation. T his mapping is based on anecdotal infor mation of the ascription o f emotion to color, as well as being supported bysensor y psychological findings. [11]

T he saturation and brightness values o f the graphical object are held constant, as suggested b ythe design principles described previously, in order to avoid confounding the interpretation of hue.

Figure 8: Using the Touch Phone in three affective states: relaxed, neutral, and tense

The Galvactivator : T he galvactivator is a glove-like wearable device that senses the wearer’s skin conductivityand map s its values to a bright LED display. I ncreases in skin conductivityacross the palm tend to be good indicators of physiological arousal --- causing the galvactivator displayto glo w brightly.

T he galvactivator explores another qualityo f color theor y˘ that regardless of hue, the brain tends to interpret higher amo unts o f saturation as correlating with higher intensity. T hus it was lo gical to map an increase in skin co nductivity level to the level of brightness of the LED. According to the findings reported above, saturation o f a single color may be a more accurate way of representing arousal or intensity of emotion.

Figure 9: The galvactivator

Initial results suggest that not onlyis the galvactivator successful at co mmunicating arousal level at an interpersonal level, it is also capable of communicating pooled responses at an audience-wid e level [27].

8 Conclusions

Affective objects have the capability to change the waythat people co mmunicate. T hrough their sensing and expressing capabilities, they have the po wer to mediate and make visible things that are not nor mally communicated. T heyhave the potential to change and augment what it means to co mmunicate emotion, both reflexively to oneself and inter -individuallyto a conversational partner. T he building of expressive devices that use abstract modalities as co mmunications media should not be arbitrary, but sho uld be guided bypsychophysical and artistic principles.

References

1. Allport, G. (1933). Studies In Expressive Movement . Macmillan: New Yor k.

2. Ar nheim, R. (1954). Chapter 1 ^Balance~, and Chapter 10 ^Expression ~, A rt and Visual Perception:

The Psychology of the Creative Eye . University of California Press: Berkeley.

3. Birdwhistell, R. L. (1952). Introduction to Kenesics , Universityo f Lo usiville Press, Louisville, Ky.

4. Bonnano, G. A. & Stillings, N.A. (1986). Preference, familiarity, and recognition after repeated brief exposures to rando mgeo metric shapes. American Journal of Psychology, 99, 403-415.

5. Boone, R.R., Cunningham, J.C. (1998) Children´s decoding of emotion in expressive bod ymo vement :

T he development of cue attunement. Developmental Psychology , 34, 1007-1116.

6. Bordwell, D. & T homp son, K. (1979). Film Art: An Introduction . Addison-Wesley: Reading, M A.

7. Boyce, P.R. (1981). Human Factors in Lighting . MacMillan: NewYork.

8. Bradley, M.M, Cuthbert, B.N., & Lang. P.J (1996). Picture media and emotion: Effects of a sustained affective co ntext. Psychophysiology . 33, 662-670.

9. Brave, S., Dahley, A., Frei, P., Su, V., & Ishii, H., inT ouch , in Co nference Abstracts and Applications of SIGGRAPH ’98 , Enhanced Realities, (Orlando, Florida USA, July 19-24, 1998), ACM Press, pp.

115.

10. Cacioppo, J. T ., Klein, D.J., Berntson, G.G., & Hatfield, E. (1993). T he psychophysiolo gyo f emotion.

In Lewis, M. & Haviland, J.M. (Eds.). Handbook of Emotions . Guilford: NewYork.

11. Cyto wic, R.E. (1989) Synesthesia: a union of the senses . NewYork: Springer-Verlag.

12. Donath, J. (1996). Inhabiting the Virtual City: The Design of Social Environments for Electronic

Communities . Ph.D. Dissertatio n, MIT Media Laboratory.

13. Elam, K. (1990). Expressive Typography: the Word as Image . Van Nostrand Reinhold: NewYork.

14. Ekman, P. (1993). Facial expression and emotio n. American Psychologist , 48(4):384-392.

15. Feld man, U. (1993). Quantifying the Dimensions of Color Experience , MIT Media Laboratory, Ph.D.

T hesis.

16. Ishii, H. and Ullmer, B., T angible Bits : To wards Seamless Interfaces between People, Bits and Ato ms, in Proceedings of Conference on Human Factors in Co mp uting Systems (CHI ’97), (Atlanta, March

1997), ACM Press, pp. 234-241.

17. Itten, J. (1963). The Art of Color . Van Nostrand Reinhold Co: New York.

18. Juslin, P. (1997). Emotional co mmunication in musical perfor mance: A functio nalist perspective and so me data. Music Perception , 14, 383-418.

19. Lang, P. (1995). T he emotion probe: Studies of motivation and attention. American Psychologist ,

50(5):372-385.

20. Leonardo 32, 1. (1999).

21. Meyer, L. (1961). Emotion and Meaning in Music . Univer sity o f Chicago Press: Chicago.

22. Murray, I.R. & Ar nott, J.L. (1993). To ward the Simulation of E motion in Synthetic Speech: A Review of the Literature on Human Vocal E motion. Journal of the Acoustical. Society of America, 93, 1097-

1108.

23. Parker, W. (1968). Scene Design and Stage Lighting . Holt, Rinehart and Winston: Ne wYork.

24. Parrott, A.C. (1982). Effects o f paintings and music, both alone and in co mbinatio n, on emotio nal judgements. Perceptual and Motor Skills , 54, 635-641.

25. Picard, R.W., & Cosier, G. (1997). Affective I ntelligence - T he Missing Link, BT Technology Journal ,

14,4.

26. Pickford, R.W. (1972). Psychology and Visual Aesthetics . Hutchinson Ed ucational Ltd: London

27. Pittam, J. & Scherer, K.R. (1993). Vocal expression and communication of emo tion. In Lewis, M. &

Haviland, J.M. (Eds.). Handbook of Emotions . (p. 185-197). Guilford: NewYork.

28. Ro we, R. (1992). Interactive Music Systems . MIT Press: Cambridge, M A.

29. Schachter, S and Singer, J. (1962). Cognitive, social, and physiological deter minants of emotional state . Psychological Review , 69, 379-399

30. Scheirer, J. & Picard, R.W. (1999 ). The galvactivator ä : A glove that senses and communicates the skin conductivity response, submitted to CHI2000, The Hague, Netherlands.

31. Schlosberg. H. (1954). T hree dimensions o f emotio n. Psychological Review , 61(2):81-88.

32. Sekuler, R., & Blake, R. (1985). Perception . Alfred A. Knopf: New Yor k.

33. T homas, F., & Johnston, O. (1981). The Illusion of Life . Hyperion: New York.

34. Valdez, P. & Mehrabian, A. (1994). Effects of color on emotions. Journal of Experimental

Psychology: General . 123, 394-409.

35. Whitford, F. (1987). Understanding abstract art . Barrie & Jenkins: London.