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Abstract

Over the course of six years, | brought ambulat@ycpophysiology into a
variety of industries as a means of conducting design research. | looked at the stress of
children in occupational therapy, the frustration of playing Hasbro board games, the thrill of
driving a Google Self Driving Car, the confidenof shopping at Best Buy and Lowes, the
excitement of playindEGOTechni ¢c for the first ti me, t he
symphony, and the anxiety of talking abbirth control. Working withstake holders within
these setti ngsk Psychapkeysidobgdefmet byifdun characteristics: 1.
Psychophysiological data is quantitatively measugedrhe research answers explorative,
open ended question8. The research measures external contartl 4. The research
measures internal contexBy combining ethnographic methods with psychophysiology,
researchers can address the challenges of specificity that ambulatory, explorative research
produces. Two case studies of preliminary design researchraveled about theLEGO
Group and the NewVorld Symphony, showcasing how thick psychophysiology can help
uncover customero6s unarticulated needs.

Once needs are uncovered, the challenge is how to madivaisganization to
address those need$raditionally, designers use storytelling as a wayctonmunicate
research findings in regards to user experience, which in some caasd&®ineffective in
creatingthe needednotivation The method developed in this thesis contains components
designed to help influence organizational chafigetestthe efect psychophysiological data
can have on organizational changedelivered a surveyestingfour ways (conditions) of
presentingfindings Storytelling (the most common method used by companies such as
IDEO), Videcbased (adding video to the story), atwdo conditions using Video and
psychophysiology, varying how the physiological insights were presented (narrow vs. broad).
Participants in thdroadcondition were told the skin conductance could mean a variety of
things including moving, breathing harckibg stressed, dreing excited. Weanalyzedthe
resultsof 143 LEGO employeesParticipantan the broadskin conductanceonditionhad a
47% chance of increasinthe priority of the proposed initiative, whereas only 9% of
participantsn the storyelling conditionincreasedhe priority ofthat initiative (p<0.01). Post
hoc analysis showed that when participants reported an empathic response to the skin
conductance, they were even more likely to increase the priority of bifoad skin
conductance initiate (75%). These results suggest thahen compared to storytelling,
presenting psychophysiological datanbe a more effective way to communicate customer
experience.

Thesis Supervisor: Rosalind W. Picard

Title: Professor of Media Arts and Sciencegyg?am in Media Arts and Sciences, MIT




Thick Psychophysiologyfor Empathic Design

By
Elliott Bruce Hedman

Reader:
Karen S. Quigley
Research Associate Professor of Psychology
Northeastern University
Reader:

Frances Frei
Professor of Technology and Operations Management
Harvard Business School




Acknowledgements

Often times, when one goes on an unexpected journey, it is the people we meet along
the way that affect us éhmost. | think of my dissertation as a compilation of all the things
people from all the corners of the world taught me about psychophysiology, ethnographic
research, and design. And with this framework, there are many who | would like to thank for

their contribution to this dissertation.

Thanks to my family for all their support. Every January breglon coming home
from the latest load of finals or papsubmissions| would be greetedy the love of my
parents and brotherthen wouldpass out after aome cooked meal the best safety net,

motivation, and inspiration.

Thick psychophysiology started out at the STAR Center in Colorado, ran by Dr. Lucy
Jane Miller. Thanks to Dr. Miller, the researchers, and therapists, who were kind enough of to
let meinto their community over the summand whoworked togethewith meto figure out
how to make these sensors useful. And thanks to all the children and families in the therapy
for inviting me into their lives and helping test out the sensors. A specigtstia Holly
Adinoff, Alex Bidwell, Megan Michelle, and Meredith Wilson who put in serious hours
placingsensors on children anddeotapingthem for over 70 hours as we started to unwind

what it meant to design a better therapy.

Cecilia Wekstrom from tle LEGO Group believed in me before | even believed in
myself. She went out of her way to bring the MOXO sensors to the LEGO Group and funded
the initial research that helped combine the MOXO sensors with design work. It was there
where | met Morten Ladholm who pushed me to think like an ethnographer and designer.
And as an electrical computer engineer, | was heavily resistant to those ideas; thank goodness
Morten was especially persuasive gretsistentWithout his help, 1 would have never been
able to erbrace design like | do today. Thanks to Kay Davis and Mette Andresen for

bringing that initial LEGO work to a placef pride for me.

A special thanks needs to be sent to Dr. Susan Silbey and Dr. Graham Jones who
welcomed me into the Anthropology DepartmabhMIT. Both professordook the time and
energy to help me understand research methodologies and theories Boalagical
perspective. It was their view of the world that added the mmuehe ded @At hi cko

psychophysiology.




Tom Chi from GoogleX mminded me that twisting the discipline of
psychophysiology is just the beginning. Tom mentored me while working with the Self
Driving Car team and more importantly taught me the importance of rapid prototyping and
evaluation. Changing my academic timelitoeoneday evaluations allowed me to quickly
improve the sensor technology and also arrive at deep, meaningful insighesquickly
Tomdbs advice has |l ead me to focus just as n

current work.

Thanks to Diego Rodjuez, Colin Raney, and Joi Ito for bringing me into the IDEO
family as well. The IDEO community introduced me to many peers who were passionate
about redefining design and transforming companies. It was here | crafted my design research
skills and gainedhe confidence to discover insights that could transform companies. It was
at IDEO | learned how design research fits into the bigger picture of design, the importance
of interacting with clients, what quality design looks like, and ls®nsors can help ka
design even better. An extra shout out goe:
Makeover Committee at | DEOO0O who not only hel
look good doing it.

A special thanks gesto the individuals within my first agsulting projects: Best Buy,
the LEGO Group, t he New World Symphony, and
Thomsen, Tina Sorensen, Craigll, and Adrane Cooley all put in many late night hours
bringing these sensors into their respective companieseTihds/iduals and many others
believed that psychophysiology could help their company becomecestred, and they
took a risk working with a graduate student whose ideas were greeterthan where he
started. It was with these companies that | wae abhone mylifferentwork and prototype
methodologies to figure out how sensors might transform a company. Withoutrtisg |

would never have been able to grow these ideas to fruition.

And thanks to all of the mentors who have helped me figurgvbatl am within the
design world. The dinners with Hugh Dubberly helped me understand the history of design
and how psychophysiology could play a role. Dr. James Rusagbed my mind multiple
times around what it means to measure an emotion and whysmy@pisons about emotions
were mostly wrong. Dr . Fousnese e di mersi el pedm

Her unrelenting investment and encouragement kept me seeking out more.




Dr. Karen Quigley helped me bring my psychophysiology work from an tiolea
practice. She helped me understand and appreciate the vast amount of research done in
psychophysiology and why ambulatory psychophysiology is much harder than just a problem
of making sensors wireless. Together we would go through the data | wadimgll@nd
discuss how reliable the data was and what could actually be condlusietething the
business world never really asked. 't was wi
and could not conclude with the MOXO sensors, and correspondazghed about the need
to add ethnographic methods to my work.

| often refer to my adviser, Dr. Rosalind Picard, as my othem Six years ago, |
started out knowing very little about machine learning, emotions, psychophysiology, or pretty
much anythig else. But Dr. Picard invested in riiegiving me the resources, time, and
encouragement to take risks and try things in a very different way than psysiobpdigts
or designers hhbefore. | was lucky to have an adviser who would allow me to go ahéad an
spend 3 mont hs in an occupational therapy
introduced me to mentors and future collaborators across muligaiplinesand encouraged
me to formalize my i deas o0laddoauhigh barTcomgdnko P s y ¢ h
MIT, but Roz kept raising it higher. Our relationship has been amazamgallowed me to
explore and create, while at the same time exmpgdhe best out of me. Roz helped me
understand ang@ursuemy passions, and gave me the tools | needed te maeaningful
impact. | remember one workshop, after presenting to several vice president level Media Lab
Members, Roz pu#id me into her office. She told me the presentation was great, but she was
really hoping | would hand out pinwheels to everyone rare. And that so perfectly
summed up Ro z & expectatpedest! canveg bubtken pushes me to do things
beyond what is normally expected. And so if you ever receive a pinwheel from me, that was

at the suggestion of Roz. (You can read alloeipinwheels in the Conclusion chapter

Thanks everyone for supporting me and inspiring me along this journey. It has truly

been an adventurandthe relationships thaveformed with you have made it allorthwhile




Table of Contents

o)L= Lo F RSO RRP 3
ACKNOWIEAGEIMENTS ...ttt e e et e e e bbbt eeer et e e e e snnbr e e e e e e e annes 5.
TabIE Of CONENTS.....eiiiiiiiiiiee e e eees 8
(IS o) 1= o] L= TP UU TP PR STT 11
LIST OF FIQUIES. ...ttt et ekttt e e s skt eesamme e e s e bbb e e e e e s e nbbn et e e eamme e s 12
CHAPTER 1: INTRODUCTION L..ttiiiiiiiiiiiiiee e s iitiiieesteeeeeeessitaeeeeessssssaeassssseeassssssssssesssnsssnnnss 15
I A Yo7 o - T o PP UPPPRPRR 15
1.2 Thick Psychophysiology Defined...........cccooiiriiiiiiemie s 17
1.3 CONMDULIONS. ..ceeii i e et e e e e eb bbb b e e e e e eee s 20
Li4  OVRIVIEW. ettt e e et e oottt e e e e s s a kb bt b bt b b e ettt e eaaasssbe bbb e be e e e e e et e eeeeeeenan 21
CHAPTER 2: THE SPECIFICITY PROB LEM .....ccoiiiiiiiiiiiiiicciiieeeiiiecec e seeneenee s 22
2.1 Ambulatory Measures Providexternal Validity and Allow for Broader Observations......22
2.2 Specificity with Ambulatory Settings...........ceiiiiiii e 24
2.3 Listening to a Classicgoncert as a Case StUY..........coouuurrriiiiieeriiiiiieee e 26
2.4 Use of MUItiple MEASUIEMENIS........eiiiiiiiiiiiiii ettt n 28
2.4.1 Physical INfIJUBNCES.......coiiiiiiiii et e 28
2.4.2 External INflUBNCES.........ooi i e e e e e e e e e eeeeeeees 30
2.4.3 Psychological INfIUENCES...........coiiiiiiiiiiee e 32
2.4.4 Additional Challenges to Usingultiple Methods............cccccoiiiiiiiieaneeiiniieeeeee 33
2.5 Compare Groups or Use a Control GrOUP........coieieeeeeiiieiieeee et errn e 34
2.6 Measure UniQUe RESPONSES........uuuuuiiiiieieeceeeii et e e e e e eeeeeeeetvst st s s e e e e aaaeeeesanenees 35
2.6.1 Filter SIQNQAIS.....ccovieiiiiii i e e ————————————— 35
2.7 Measure ADSENCE Of RESPOMISE.........coeviiiiriiii i e e e e e e e e e e e e et eene e e e e eeerara e e e aeeeaan 36
2.8 Use Conditional Probability taentify Relationships.........cccoovviiiiiiiiiieeee e 36
2.9 DO NOt ASSUME SPECITICILY....eeeieiiiiiiiiie et eet e 37
20 1O T o Vo 11 ] T o SO PRSRE 37
CHAPTER 3: THE THICK PSYCHOPHYS IOLOGY METHOD ....ccccvvvvvvevveiieeeeeeeiveeeeen . 40
I A == Tod (o | (o] 0] o P TP EPPR PP PRPPRY 40
3.1.1 Traditional Ethnographic Methods............cooiiiiiiiiiee e 40
3.1.2 Laboratory Settings in Ambulatory Setting...........cc.eeeeeiiieemniiiieeeeiiiieee e 41
3.1.3 Establishing Internal Context for PsychophysSiolagy.........cccooeevvviiiiiieeeiiiiieeeiiinnn 42
3.1.4 Establishing External Context for Psychophysiolagy............cooooieeniniinind 43
3.1.5 THe ViSION..cciiiiiiiiiiiii e e e e eeeeeeeee 4D
3.2 EXPEIENCE SELUD.....utuiiiiiiiiiiiiiiiiieaeeeieitieeeeete e et e e e e e e e e e s ssseeeeeaaaaaaaaaaaaseessssssmmneaeeeeeeeeenennnnn 4D
3.3 Placement of EIECITOUES........coooiiiiiiiiceee e iieiese e e eeeeeeeeeneeeeeee s 4O
I O 1o 11T oY= 11 1 TP P TP PPPPPPRRRROS 50
3.4 1 HOW t0 ODSEIVE....cceiiiiieiieeee ettt e e enee e e e e s e e s e eeeesnnnnnns 50
3.4.2 Observations Affecting PartiCipants...........oocuuerieeiinniiiiee e reee e 52
G 0 N 11 (=T Y/ =P EEE 52
3.5.1 Conduct Interviews as So00n AS POSSIDLE..........c.ueeeiiiiiienii e 54




3.5.2 Use OperENded QUESHIONS........uuuiiiiiiiriiieeieceeeirieeeeeeeeeeeeeeaeeessssasreeeeaaaaaaaeeaeasens 55

3.5.3 Ask People abut EXaCt MOMENS......ccuiiiiiiiieieece st smmnr e e 55
3.5.4 Do Not Show SKin CONAUCIANCE. ........cuviiieeeeiiieeeiieee et 55
3.5.5 When Interviews Do Not Tell the Whole Story.........cccccoiiuiiiiiieeneeiiiieee e 56
G R Y 0 F= 1 £ = TP PP PP POPPPPPPPPORRTN 57
3.6.1 The Generalizability and Unique Emotion Problems.............ccccviiiieciiiinn 57
3.6.2 Analyze Right after Data COllECHON. ............eeviiiiiiiiieeeece e 58
3.6.3 Combining Video and Software for ANalySis...........cccoviiiiiiiceniie e 59
3.6.4 Selecting Skin Conductance Regpes for Analysis...........ooccvvveeeiiiiieeniieee e 60
3.6.5 ldentifying Possible Causal Elements of a Skin Conductance Response.......... 65
3.6.6 ldentifying Emotional Chracteristics of a Skin Conductance Response............. 68
3.6.7 ADSENt Of RESPONSES......ccii i it i i i i cteree s e s s e e s e e e es s rrebeesreereeeeeeeaannnes 69
3.6.8 The DOUDIE RESPONSE. .. .uuuiiiiiiiiiiiie ettt et e e e e e e e e 70
3.6.9 Multiple PartiCIpants............oooiiiiiiiiieeee e s e e s ee e e e e e e eeeeeeennnes 70
3.7 Examples of Interpreting Skin Conductance RESPONSES.....ccccvvvveeeeeiiiceceieeieeeeeeeeeeeen 71
3.7.1 Mary Listening toROMe0o and JUlIEtte............eviveiiiiiiiiieee e 71
3.7.2 Mason Talks to his Mother about TECINIC. ........cccvvviiiiiiiiiceeieeee e, 72
3.7.3 Buying a Blender with MItiple Stimuli..............ooooiiiiiiiieen e 72
S T 1Y/ 11 1= ] T SRS 72
3.9  Exploration and Prototyping.........c.euuuuueeiiaiieeiiiie ittt rmeee s smnee s 73
300 O T @ 021410 T o> o T o PSPPI 14
0 IO % A T (o o L8 ox o] o NPT PP PP U P UUUUPPPUTPPRN 74
3.10.2Explaining SKin CoNUCIANCE.........coiiiiieieieiiieieeee e eeesse e e e e e eeee D
G 700 0 TR 1 €1 > o S 76
G 010 Y To [T o SRR RPPR 90
.11 CONCIUSION. ...ttt e e eeet ettt e ettt et e e e e e e e e s e e s s ammteeaaeeeeeeeaesaaaannnnnee 96
CHAPTER 4: HOW THICK PSYCHOPHYS IOLOGY HELPED THE LE GO GROUP BRING THE
BUILDING EXPERIENCE TO THE TABLET ...ovuiiiiiiii s eeeee sttt 98
R O L IS (o 1Y TP PRPP P 98
4.2 SCIENTIFIC ANAIYSIS....iiiiieieee e re e s e s st e e e enanrn e eneees 104
N R O 1Y =T o OSSP 104
A |V = 1 o T PR 104
4.2.3 RESUILS. ..o e 105
CHAPTER 5: HOW THICK PSYCHOPHYS IOLOGY HELPED THE NE W WORLD SYMPHONY
ENGAGE NEW CONCERT ATTENDEES .......oouiiiiiiiiiiiiite ettt rmnee s 113
LN R O 1= I (1 o Y 113
5.1.1 FOCUS 0N the FAMIlAL.........uuiiiiiiiiiiiii e 117
5.1.2 Transition OfteN.......couiiiiiiiiiii et 118
5.1.3 Bring iN OthEr SENSES......ueiiiiiiiiiiiie ettt e 119
5.1.4 What Will it Really TAKE2.....ccciiiiiiiiie ittt 120
5.2 SCIENLITIC ANAIYSIS.....cciiiiiiiie it eeee et eee sttt e e e e s enanrn e e e eneees 120
LS T A o 1] 1 - T R 120
LI 1Y i o T Yo SRR 121
B.2.3 RESUIS. ettt e bbbttt e et eean bbb r e e e eeeaaaeas 121
5.2, DISCUSSION:. .ttt ettt ee bbb e ettt ettt e e e e eeabee e e et e e e et e e eaaaaeeeessaameeeaaaaaaaaaans 125
5.2.5 CONCIUSION ...ttt ettt ettt et et e e e e e e e e e e s s aammeeeaaaaaaaaaaas 126
CHAPTER 6: PSYCHOPHYSIOLOGY AS AN EFFECTIVE BO UNDARY OBJECT .......... 128
L0 R = 7= Tod (o | (o 18 [ (o DT UPRPPPT 128
LS O 1§ 1= o] L= PR 132
L T 1V =Y 3T o [PPSR 132
L0 0 T 1 To L1 o3 1T o 132
6.3.2 Measuring IMPOIMANCE. .......c.uueiiie ettt 132




6.33 DesSCribing the SCIENCE........ccoi it rr e e eee s 133

6.3.4 Giving @ Case EXAMPI........ccccuiiiiiiiiiiiiieeciiiiiier e e s e r e e e e 133

6.3.5 Change iN PrIOTILY.......cuveiiiiiie et reeee et emee e nneeene e 133

6.3.6 Empathic measurement (Batson et al., 1987)........cccceeviiiiiineciiiee e 134
8.4 ANAIYSIS. .. .eeiiiiiiit e s e e e e s e e e e naes 134
8.5 DISCUSSION. ... utiiieeie ittt e ettt e ettt esamme e e ek e et e e s aaeb b b et e e samme e e e e bbb e e e e e s e nnnnee s 138
CHAPTER 7: CONCLUSIONS ...ttt e e e e e e e e e e e 141
T 1 FULUIE WOTK ettt ettt e s smme e st e e e e nnnes 144
7.2 CoNClUAING REMAIKS.......oeiiiiiiiiiiiiie et rmee et smmee e 146
BIBLIOGRAPHY it e e e e e e et e 147
APPENDICES. ...t st e e e e et e e e e e e e et eeaeas 156
Appendix A: LEGO Boundary ODbjJECt BIBY ............ccocciiuuriiiiiimeeissssiiiirinrveeeeeeee s esessnsresneeeneees 156
Appendix B: Full LOGIT Model of Condition on GP..............ceeiiiiiiiiiceeiiie e 169

10



List of Tables

Table 6.1 LOGIT Model of @ndition's effect on GP with S as the reference condition........... 136
Table 6.2 LOGIT Model of Condition's effect on GP for HE participants with S as the reference
(oo ] 1o 11T} o PSR UPP TR 137

List of Tables 11



List of Figures

Figure 1.1 Karads skin conduct anc.e..wi.t.hodd context 1is
Figure 1.2 By labelingdivities, the response becomes Clearer.........c.coovviviiieeceeiiniiiieee s 16

Figure 2.1 Skin conductance responses occur for a variety of reasons. For inference, a one to one
relationship is needed. Adapted from Cacioppo Baskinary (1990)..........ccccveeernnnne 24

Figure 2.2 Anitads skin conductance changes across a

Figure 2.3 Four peoplebs skin conductance responses t
IS thE YEIIOW ONE.a..ciiiiiiiieee e e e ee e e s nnnrnes 27

Figure 3.1 Initial Interface for Measuring Gifien during Occupational Therapy. Orange and Purple are
skin conductance responses from two different legs.........ccccvvvviiirriccccee e, 50

Figure 3.2 Reviewing video provides context for why a skin conductance respanpsawe occurred.

Figure 3.3 A motherés skin conduc.t.ance..d&reases as s
Fi gur e 3. 4skin cBridectartaimcieasdd Hefore she presented her LEGO.madel..54

Figure 3.5 Interface used for combining video and psychophysialogy............ccccceeevicceeiniennen. 60
Figure 3.6 Signal dropouts make the skin conductance responses difficult to observe by affecting the
autoscale and should be removed before analysis..........cccoocviiiiieeniiinnii 6l
Figure 3.7 Same responsead®ve, with dropped signals removed.............ccccovviiineciieeeennnnn 61
Figure 3.8 Too small of responses may be artifacts...........ccocuvviiieeriiiiii e 62
Figure 3.9 Anicd foinsvatchikg the NenwowodduSgniplaony..............eeeeeee.. 63
Figure 3.10 Plot of the amplitude of skin conductance respaNSes............eeevevvieeeieeeeeeeeeeeennnns 63
Figure 3.11 Themall skin conductance response as Mason looks for a piece would not catch
researchero6és attention i.f..t.hey..onl.y..84nalyze | ar g:t
Figure 3.12 Only looking at the responses that oecuright before Mason quit helps emphasize the
YT ol ol g To = LS] o Lo E TR 64
Figure 3.13 A childoés |l eft and..ri.ght. . .resmdnses differ
Figure 3.14 | s Mason telling his mother that he is Afb
NEJALIVE FESPONSE?.....eiiiiiiiiiieie et er bttt e ettt et e e s s rmee e b bt e e e e e bbb e e e e s ammee e e anbeeas 68
Figure 3.15 When this individual stops shopping by hifresed talks to an employee we can conclude
that he is probably not becoming more stressed, frustrated, or anxious.................. 69
Figure 3.16 A Double Response (notice the small dip before the signa) peak.......................70
Figure 3.17 Skin conductance of four participants is measured simultaneously..................... 71

Figure 3.18 My own skin conductance dsdrn about a seffjection device. This is my typical
introductory to skin conductance eXample........cccccoiiiiiiiiiiec e 76

Figure 3.19 Skin conductance responses are highlighted to emphasize the slope nadsigrlth7
Figure 3.20 Underwater level from Mari..........coooiioiiiiiiiie et 78
Figure 3.21 Skin Conductance Graph with Y minimum set at 0. Mario koap&rs added for effe@i8
Figure 3.22 A child talking to hi.s..mot.heit7/l9 about HAbein

Figure3.23Abi Il d tal king to his mother about fAbeing alonebd
building Technic appears StreSSIU.........uuiviiiiiiiiii e 79

12



Figure 3.24 Neither talking about Technic nor building alappears stressful compared to the increase

of skin conductance to StaNdiNg UP........ueerrrriiieiie e e e e 80
Figure 3.25 Finalized graph, emphasizing Mason talking about Technic..............ccccciieen 80
Figure 3.26 The response to ARegul ationo i
they have similar amplitUdes............cooouuiiiiiii e 81
Figure 3.27 Bar graphs remove tleader from the skin conductance.............cccccocvviieeeieeeenns 81
Figure 3.28 An expert listener reacts to a classical CONCeIL.............ocviiiieriii i 82

Figure 3.29 Even Shaqull O6 Ne a | is puny n.ext..t.q..mi.g.h.t83

s higher

Ct hul hu.

Figure 3.30 Removing movement artifacts can still create problems, as the skin conductance level is now

MYSLEIOUSIY EIEVALEM..........uiiiiiiiiiiie e nnne e 83
Figure 3.31 A large time scale provides too much information simultaneously...................... 84

Figure 3.32 An overly zoomed in time scale removes the respamectmtext. Can you figure out

Figure 3.33 An unfortunate attempt to show zoomed in data and larger responses simultan@&susly.

Figure 3.34 According to this graph skin conductance changed, but why is uncleatr.............. 87
Figure 3.35 Skin Conductance with discrete markersctiagiwhen events occurred................. 87
Figure 3.36 Showing when events occurred over a longer period Ofime..........cccccovveeennnnen 88
Figure 3.37 The skin cmluctance of a child lying in a ball pit (Section A and.B)....................... 89
Figure 3.38 By highlighting the entire tinfde Firebirdplayed, | was able to show how the audience
member responded throughdhie music (see Chapter 5).........ccccovvuviiiiiiicceniniiieenen. 89
Figure 3.39 ANNOtatiNng RESPONSES. ...cccciiiitiiiiiee it ee et e ettt e et e et e e e st e e e e s snbeeeaes 90
Figure 3.40 Adding qUOtES t0 aNNOLALIONS............ccevvviiiiiimmree e e e e e e e e e eeer e e e e e e e e eeeeeeenaaan Q0
Figure 3.41 Original attempt to combine skin conductance and video...........c..ccvvvmvvvvvnnnnn. 91
Figure 3.42 Latest attempt at combining skin conductance and video................cccvcvevvvvnnnn. 92
Figure 3.43 If Y Scale is staghant, some responses will be viewed as.small.......................... 93

Figure 3.44 At t hi s gonoductance isincreasingroensiderahlye butthei
dynamic scale down plays that INCrease..........ccccooiiiiiiieeeie e 93

Figure 3.45 Set a minimum range for the Y axis to prevent noise from a flat signal being empHdasized

Figure 3.46 A bar moving across time asks the viewer to translate the play time spatially, which may be

Lo 1531 =T £ T PP PP a5
Figure 4.1 Mason Wears the MOXO SENSOLS.........uuutiieiiiiiiiieeeieee ettt e et eeeeieee e seenes 100
Figure 4.2 Mason is Stressed Building TEChNIC..........cooiiiiiiiiiieace e 100
Figure 4.3 Mason Calms Down with BDther...............cccooeiiiiiiiiceee e, 100
Figure 4.4 Ryan Stresses over a Misplaced GEaAr............uuuuiiiiiiecciiiiiieieeeeeeeeeeeeeevvmemeeeeeaeens 101

Figure 4.5 Masonds Skin conrdomc.t.a.n.c.e..wh.i.l.1H6

t h

resear cher s

Figure 4.6 Masonbés skin conduc.t.anc.e..t.al.ki0dhg about

Figure 4.7 Mason building with his mother andrBQ.............cccccciiiiiin e, 108
Figure 4.8 Largest Skin conductance Responses for Ryan during the end of the session...109
Figure 4.9 ReSPONSE A N ABLAL.........oouueiiiieiieee e e 109
Figure 4.10 ResSponse C iN detall..........oouueiiiiiiiieeiiiie e 110
Figure 4.11 ResSpoNSe D iN detail........cooiuiiiiiiiiiieeiiiee e 111
Figure 4.12 ReSpONSE E iN detail..........oocuueiiiiiiiiiiiiiec et 111

13

LEC



Figure 5.1 The MOXO sensor measures audience member 0s
marker of the sympathetic nervous systeommonly known as the fight or flight response.

............................................................................................................................... 115
Figure 5.2 Skin Conductance Response of a Novice Listener.............cccocvveeeeiiiiiiiincee, 116
Figure 5.3 Kin Conductance Response of an EXpert LiSteNer...........ccovveeiiiieeniiiiieee e, 116

Figure 5.4 A Novice Listener .Res.ponds..t.aolldiSymphony wi

Figure 5.5 Audiences gather after the New World Symphony, sharing a drink and discussing the music.

Moving around and socializing was a Xensistent hi
Figue 5. 6 Subject 16s Skin ConducThaHFrebied..Re.slgbnse to the
Figure 5.7 Subject 16s Skin conductance shows | ess sk
early part Of the CONCEIL...........oo oo eeee e e e e e e e e e e e eens 123

Figure 5.8 Subject 206s skin condTheFirabirc.e.. 122 sponse duri
Figure 5.9 A novice listener shows skin conductance responses at the beginning of the vidé24

Figure 5.10 Skin conductance Response Frequency of 5 participants listening to the samel@hcert.

Figure 5.11 Subject 3 is a novice who reacts to various parts of the concert....................... 125
Figure 6.1 Distribution of Employees Chanddaiority for the MomFriendly Building initiative
(Positive Means an INCrease in SUPPOI).......coiiuurrrireriieeeniiiee et e s seeee e 134
Figure 6.2 Participants were more likely to grow priority of an initiative after watchingea wifiskin
conductance compared to reading the SAMe SIOLY........coovvviiiiiieeceen e 136
Figure 6.3 Participants likelihood to grow priority, split by gejported empathy....................... 138

14



Chapter 1: Introdu ction

1.1 SCENARIO

Occupational therapisat the STAR Center in Denver, Colorado wanted to know how
they could improve therapy for children with sensory challenges and Autism Spectrum
Disorder. With wireless skin conductance sensors (Fletcher et al.,, 20é0measured
chil drenbés skin conductance a(Hedmameta}l,2@la)r t i ci p
Lab research suggedhat changes irskin conductanceanoccurwhen a person is stressed,
excited, frstrated, thinking hard, breatig hard, or moving har@oucsein et al., 2007Pne
particular nterest of therapistswa a ¢ h i |. Bedpke with tow arausal are described as
calm or relaxedand people with ilgh arousalmay haveantense anger, stress, or excitement.
Researchers describkirs conductancesbeing only innervated by the sympathetic nervous
system, allowing scientists to measure sympatheicvous system arousal with skin
conductancéCritchley, 2002h)

Unlike traditional psychophysiological studies, we did not kinmw skin conductance
or a chil dés ar o u snatlral thesapy.Tda k e h afnogre eixnamal e

psychophysiological response durimgetherapysession

w

N

EDA (umhos)

—

0

0 10 20 30 40
Time (minutes)
Figurel.1K a r skildn sonductance without context is difficult to interpret.

I Names usedhithis dissertation are pseudonyms.
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Multiple large skin conductance responsesurredduring minute 30 to 40but why?
Was Kara anxious? Wahe excited? Or perhaps she was moving aroémd?even if we
conclude this is an emotional response, a secondary question becomes what event caused the
response®hat occurred during therapy that created such a large response for Kara? With

onlytheskic onduct ance data, we cannot infer much

Data scientists oftesuggest measuring additional input in order to find correlations

between event$or example| labeled the activities that Kara participated in across time.

Active
Listening
3
m
o
£2
= Warm Up Activities
<
o1
0_
0 10 20 30 40

Time (minutes)
Figurel.2 By labeling activities, the response becomes clearer.

With this new environmental informationne can telresponses occurred after warm
up activities and at the start @éfctive Listening. Perhaps beginningctive Listening is
arousing?But this label failsto describe why a responsecurred. Was the child excited or

stressed or was thiesponse du¢o movement? If anxious, what exactly was the child

anxious about?

In addition toformal activity metrics, llearned what was occurring during this therapy
session, in large part, by accident. When | signed Kara up for the study, | talked to the parents
and therapist about Kafashe had Autism Spectrum Disorder and could only speak in one to
three word phrase$Vhile Kara was participating in therapywhtched the sessiofitom the
corner of the roonn order to collect the data and videotape the sessions (we needed a way to

reference when activities occurred).

From the video and watchintpe therapy live | knen the session was early in the

morning. Both Kara and | were groggy from waking up so early. The therapist was trying to
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arouse Kara, so that she could be more actitieeitherapyKara playdin a ball pit, jumgd
on a trampoline, and cragd through atunnel, with herskin conductanc&evel not changing
significantly. Throughout this time, Ka repeatedly saidi Wa g o n . Wireergtbewarno
up activitiesfinished, Kara rode in a greeragon o Active Listening. While Kara wasitting
in this wagon herskin conductancencreasd. Kar adés s ki n c¢ ontaddincsbtagnce ¢

she pubn headphones to hear her own voice.

Later, | informally shonvedt he t her api st K awith @ideo, autkof n  c on
curiosity. She pointedut the importance of th@agm to Kara.Kara had too low of arousal
during the early morning and nothing seemed to work, but having Kara move to Active
Listening seemed to increag®t arousal. The therapjskedthat Active Listeningorobably
increased Kar abs tharapisitelcarne howdAdtive rhigtenimg probable
overwhelmedara, andhaving her calmer at the end would have been bé&tsrsideringhe

observationsthe therapiss report, and background histotggether | conclude t heaea

large skin conductanceas likely due to her excitemeat riding in a wagon, the reaction to

a transition between environments, @nelanxiety of having to do Active Listening.

In essence, during the occupational therapy study, | was learning how to do
observational research ander to make meaning out of the reairld data | was collecting. |
was not the first person to do observational methodsyeAr later, | learnechow
anthropologists and sociologists conducted detailed, rich observations to learn about emotion.
Take Bigg s $tudy of emotions with andkimo tribe as an example.

1.2 THICK PSYCHOPHYSIOLO GY DEFINED

Briggs lived as an adopted daughter in an igloo for 7 mdi®ig0) In a northern bay
of Canada, shénterviewedthe Utku aboutt he i r emotions and al so
behavior during emotional events. The Utku experienced anger much diffehemt Briggs;
few outbursts of angeever occurred Briggs describes a daughter of the family, Raigili,

responding to conflictvith her younger sister Saark, while her father Inuttiaq intervenes.

AAs Dbef or eit[a Basticibhagl anch Sadrak wanted it. This time Inuttiaq

intervened. nGi ve it to Saarak, 0 he said
while Inuttieg wai t ed. ARnGive it to Saarak, o I nut
Raigli sat, frozen.o
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Raigli o6s behavior of shutting off in ti me
children of the village. By living in a village, interviewing group migers, and watching

behavior in detail, Briggs learned how anger manifested in the Utku tribe.

My first question reading Briggds account was how did Raigli physiologically
respond to these moments of stress? While behaviorally freezing, did her syiopathe
nervous system continue to activai@id shutting down help her decrease her physiological
arousal? While Briggs was able to describe the outward behavior of the Utku tribe, as a
psychophysiologistwant ed t o know how t heesponseshlifetess psyc

as well.

AWhen the distressful events occur to the
is an operended, exploratory questi¢Babbie, 2013)When Briggs spent 7 months with the
Eskimos, ke did not have a pestablished hypothesis that Eskimos wollehave
differently with anger. She learned about Utku anger through thoughtful, ambulatory
observations and grounded thedBlaser & Strauss, 2009kxploratory questions can help
researchers understand how peopleysiologically react in dayto-day life. When do
psychophysiologicatesponses occur? How do psychophysiology and behavior relate? What
methods do people use to regulate or change thgethpphysiology? These questions would

be particularly hard to test in a laboratomquiringobservations about realorld responses.

Design researchgmseexploratory questions as a base of study. Very seiddhere a
pre-defined hypothesis to tesh design work. Rather, designers hope to understand the
current system around a product or service as a whole to help inspire how the system might
improve (Dubberly & Evenson, 2008)These explorary questions areeferred to as
Adi agnostico i n t(laRarbeead& €ucdaiorsej 19§5)Ratherr thad
categorize an ad as good or bad, exptoyequestions help describe what is or is not working
with an ad. Tke for example astygd on s hopper 6 satanustmangrocargd uct an
store. GroeppeKlein had participants shop in a pidesignated weltlesigned grocery store,
and a poorlydesigned grocery store and noted the difference in skin conductanceseespon
count(2005) As a designer, | have less interest in validatuhgthera store is designed well,
and| would ratherresearchwhat works well and does not work well inspace. In design
terminology, | ami nt er est ed i n Acust omer pai A poi n
Explorabry guesti ons in grocery shopping mi g ht b

excited?0 or fAHow could we change the emotio
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As discussed in Chagt 2, the more exploraty a psychophysiological study is, the
more challenging inference becomes. In particydaysiological signals oftelv$e specificity
as they are removed from a controlled environment. If participants sit still in a controlled
environment with no additional stimuli and watch a movie that is predetermined to make
them angrythenany recorded physiologicaifferences between contradse likely due to
theanger stimul(seeWilhelm, 2010 for a countesrgument for why a controlleckperiment
could be a poor measurement of ang&fjhereas, if Regili showed skin conductance
responsewhile sulking in the corner, what could be inferred? Are the skin conductance
responses due to angdpid she change her body positiois? shebreathinghard? Isshe
excited?The list of possible reasons for a response continues indefinitedyinternal and
external contexof a physiological response essentiato infer the meaning of aesponse in
ambulatory settings.

As anthropologistaind sociologits use exploratoyyambulatory research as a standard
form of practice, understanding context is a foundation of ethnographic methods. In a seminal
piece on methodology, Geertz argues that research needs thick des¢tipidh He asks
how a researcher determingsa wink is a physical reaction or conspiratorial in nature
concluding the researcher must understand the codtersearcher must not just explain the
behavior but the context of the behavieneell. Briggs knew that the tears from Reugikre
due tosadnes® notfrom a harsh snow storand notfrom happines®y becauseshe saw
Regili lose her toy bagand her father discipline herSimilarly, exploratory
psychophysiological questions need thagscription. | neededontextual understanding
know thatt he wagon was i mportant t o Kara and

physiological response.

In Chapter 3, | describe how tmake inferences from exploratorgsearch with a
met hod Thickt AsytcHoghysidlogy orhick psychophysiologyuses observational
methods and interviews to gain the thick description of an ambulatory, psychophysiological

event.Thick psychophysiologhasfour definingcharacteristics:
1. Quantitatively measures a physiolcgi aspect of an individual.
2. Answers an exploratory, ambulatory question.

3. Researches external context: what events lead to a physiological response

occurring?
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4. Researches internal context: what is the meaning and interpretation of the

physiological responge

I n Karads therapy example, the external C
session was early in the morning, the child
had to |isten to her own voi cemotiohdl eactioimt er nal

the therapist reportethat the child seemed tired and unresponsive in the morning and
appeared overwhelmeahd resistive at the enlar ads experi enctheck i s o0nc¢«
psychophysiology with the remainder of the dissertationnamstrating the need and

execution of the method in more detail.

1.3 CONTRIBUTIONS

Over the course of my Ph.D. woik

1. Addressedexplorative, empathic design questions witkyghophysiology. |
have measured psychophysiological dat@m people having diverse
experiences suchs audience members aymphony concerts, drivers in self
driving cars, mothers playing board games, and shoppers choosing new
products. In these settings, stakeholders wanted me to help lieéer

understand their customesgth psychoplysiologyas a lens.

2. Combinal ethnographic and psychophysiologicattimods together to allow for
specificity in ambulatory settingdn these explorative studies, | often ran the
risk of low specificity as people could havad a large range of emotional,
cognitive, and physical responses to tipen situationgested. Observational
methods helped mi® identify possiblereasondor skin conductance responses
and artifacts. | leaned heavily on unstructured, long interviews to help me
understand how customensterpreted their reactions. Ethnographic methods
helped me understand the context, influence, and internal state of participants,

which made inference of explorative psychophysiology feasible.

3. Demonstratedhow psychophysiology can be an effeetiway for design
researchers to share knowledge across an organizatmm.a survey withl43
LEGO Employees,skin conductancewas a more effective way to share
knowledge about customer experience when comparedraditional story
telling.
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By answering design @stionswith a variety of industries, | helped establish thick
psychophysiology as a way to conduct exploratigesychophysiology Interviews,
observations, and grounded theonglped color in the context of psychophysiology and
allowed meas a design rearcherto better understand customer experience

1.4 OVERVIEW

This dissertatiorreflects thesplit in my own interestrigorous scienceand applied

interventions.

Chapter 2describeghe specificity problema physiological response can mean many
different hings Specificity challenges arénherentin ambulatory studies where stimuli and
environment are uncontrolledThis need for specificity underlines the necessity and
usefulness othick psychophysiologyn exploratory research. In addition to outlinirfget
specificity problem, I review other possible methods for improving specificity in ambulatory

settings.

Chapter3 provides a detailed summary of howdnductthick psychophysiologyThis
chapter outlines a variety of challenges with interpreting amtiylaata.

Chaptes 4 and 5 show results from two studies done withck psychophysiologyl
describethe findings and their importance frotwo case study projectsorking with the
New World Symphony and theEGO Group®. | write these case studies in arcessible
way that everyday employees can understatiten describ&éow the data was analyzed and

findings were inferred in an additional section.

Chapter6 describes a survey di43 LEGO employeesvho wereasked about a new
initiative. We demonstrate o vi deo wi th skin conductance
support for this new initiative better than traditional design stories or video. Further analysis
explores the interactions between people who respond empathically and those who viewed
skin conduaince. We also discuss the impact of describing skin conductance in an open

ended manner compared to a simplifeegblanation.
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Chapter 2: The Specificity Problem

In the last decade, with the onset of smaller, more sensitive, and new types of
technology, ambulatory nasurements have become a feasible tool to measure changes in
psychophysiologyFahrenberg, 200&long with other responses or features of a person in
daily 1ife. A personods c BG®,drisknvcangluctariceacanbact i v i
measured outside the laboratory I#®lrs a day. These measurements can help determine
whet her | ab findings extend to peoplebs evel
they can help reveal some phenomena that meagifficult if not impossible to observe in a
laboratory. While ambulatory methods can provide new ways of understanding physiological
responses, this technology also brings new challemgesw t he fAexperi ment al
no longer fullyplannedor well-controlled. Ambulatory methods can have low specificity,
meaning that we may be unable to determine what factor(s) resulted in a specific
physiological responsédn the second part of this paper, we discuss what we will call the
Aspeci fi cintamnbulptoryphysielogical measures, and then consider how future
ambulatory studies may be able to address the specificity problem. Ambulatory methods
more broadly include psychophysiological measures, daily diary methods (also called
electronic momentaryassessments or experience sampling), and measurement of other
aspects of the person or environment (e.g., posture or ambient tempghatwes)er, we will
focus here on ambulatory physiological methods used to address research questions about the
psychobgical state of the participant. We will also focus on accompanying measures of the
person or environment that are needed to enhance the ability to make inferences about the
possible relationships between psychological state and physiological €havigst
ambulatory examples will be from heart rate or skin conductance due to their dominance in
the ambulatory literature; however, the concepts presented can apply to other ambulatory

measurements as well.

2.1 AMBULATORY MEASURES PROVIDE EXTERNAL VAL IDITY AND
ALLO W FOR BROADER OBSERVATIONS

Some physiological measurements obtained in the lab have shown little or no

resemblance to realorld situations (low external validity). Wilhem and colleagues

2 Holter monitoring and ambulatory BP are also used in health studies as well, which will not be addressed.
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summarize the benefits of ambulatory settif@810) Laboratory settings are not exact
replicas of the real world. Individuals arrive to a lab and are given stimuli that may have little
or no meaning to them. The lab is contrivedbjects must sit still and are placed in an
unfamiliar context. Participants may regrize the situation as not reahmpromising their

reactions.

Whetheror notlab results generalize to real world settings is typycatiknown. For
example, patiesd measuredn-clinic blood pressure and heart ratnaiffer from typical
everyday cardiovascul ar out paoat hypeBensioa,in pwhachi ent s
their blood pressure is elevated, likely due to the anxiety of a medical (Keanarck et al.,

2003) Other patierdd b | o o ds gp downslwingraenedical exam, known as masked
hypertensionWhile apatient mayactuallyhave hypertension in dag-day life, the medical
settingcan preventoctors from observinghatp a t s evaryay blood pressurdn these

cases, the clinic may have caused less strain than a daily living envirgifiodeting et al.,

2007) In both examples, monitoring ambulatory blood pressure across an entire day provides
a better indiator of hypertensiorfMallion et al., 1999) As another example, laboratory
research suggests a relationship between panic disorders and a reduced respiratory rate
(Wilhelm et al., 200%)however, Pfaltz and colleagué009)found respiratory rate did not
statistically differ between people with panic disorders and controls in real world settings.
Differing results bewveen laboratory and ambulatory research have also been shown with

cardiovascular responsg@samarck et al., 2003; van Doornen et al., 2009)

Many dayto-day phenomena are difficulf not impossible, to observe in a laboratory
setting. Important life events, stress at work, a fight with a spouse, time spent with friends,
etc., are challenging to measure in the sterile environment of a fully controlled laboratory,
especially with fked stimuli. Looking at a picture of a rollercoaster is a different sensation
from riding a rollercoaster. In an attempt to compare lab andvadd physiological stress
responseqWilhelm & Grossman, 2010neasi r ed a womanés heart rate
controlling for physical activity. During the morning, the subject was given five mental
stressors in a laboratory setting: reading, simulated public speaking, auditory attention task,
memory comparison reach time task, and a math task. A smatl®bpm) increase in heart
rate was observed during these stress trials. Later, in that same day, the subject watched her
national soccer team on TV as she sat down. During this natural event, her heart rate
increased by over 50 bpm. The emotional, ambulatory event dramatically increased heart

rate, whereas a battery of laboratory tests were unable to produce similar results. By
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measuring physiological signals across the day, we can begin to observe how subgonscious

psychological processes occur in daily lives, opening up a richer set of data for exploration.

2.2 SPECIFICITY WITH AMB ULATORY SETTINGS

Ambulatory measurements provide a needed toolkit for psychophysiology. However,
these measurements have low specificitgkimg interpretation difficult. Specificity is the
number of psychological or physical changes that map onto a physiological response.
Typically, a physiological response can occur for a variety of reasons (many to one). In order
to makestronginferencesscientists must be able to map exactly one psychological response
to exactly one physiological response (one to oi@gcioppo & Tassinary, 1990For
example, many events can increase electrodermal activitforoam ideal interpretatiqrskin
conductance responses will increase with only one psychological response 2Fijure

Many to One Relationship One to One Relationship
Physical Physical
Movement Movement
Skin Skin
Conductance Conductance
Response Response
Mental Effort

Mental Effort

Anxiety Anxiety

Figure2.1 Skin conductance responses occur for a variety of reasons. For inferemeefo
one relationship is needed. Adapted from Cacioppo and Tassinary (1990).

If researchers fail to create a one to one relationship (high specijfibigyconclusions
are limited. In our simplified example, a skin conductance response may ocauls®eof
physical movement, mental effort, or an anxiety response. This lack of specificity makes
linking the skin conductance response to a specific psychological trait diffBath
laboratory and ambulatory studies need to account for specificityarbbulatory research

can often have a larger range of possibilities for why a response may have occurred.

As an ambulatory example, Springer and collead1889) attempted to measure the
mental workload of 33 stahts while working with computer aided design softw@&AD)
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and an elevated drawing board. Skin resistance response amplitude was larger while the
students stood at the board. However, increased workload may not be the cause of the
amplitude change. Theuthors noted how skin resistanceuld change with physical
movement at the drawing board. As skin resistance could increase from either mental
workload or physical movement (many to one), whether CAD helps redeoctalworkload

cannot be determined frorskin conductance alone. The researchers emphasized other

research measures because of this specificity problem.

As another, more complex exampléata of cortisol fluctuations in dayto-day
settings can be difficult to interpret. Laboratory results hawggested that cortisol is
elevated when an individual is stressed (Pollard, 1995). However, a review of field studies
demonstratectortisol might have a positive, negative, or no correlagffiect with self
reported stress levels at wofKjortskov et al., 2004)The authors suggest this difference
may be in part due to uncontrolled factors such as depression, negative mood, infectious
diseases, alcohol intake, diurnal variation, or use of contraceptives. AdaBuandr(2001)
observed a correlation between hours worked and cortisol levels for mothers. The authors
guestioned whether the correlation between cortisol levels and work hours was due to the
work environment orhte stress interacting with their children with limited hours at home.
Rather than one controlled factor, a whole host of factors influence cortisol levels in the field,

reducing the specificity of cortisol and limiting possible conclusions.

Laboratory expriments also have specificity challeng&acioppo & Tassinary,
1990) albeit more easily controllable. Researchers follow a multitude of rules when
conducting psychophysiological experiments. For electrodermiality, subjects cannot
move their body, posture, hands fingers, nor do any othghysical work. Participants are
asked to breathe regulamythouttalking. Any external stimuli needs to be removed from the
setting: no noises, no talking, no footdano surprise appearances. The environment needs
to be standardized as welho changes in lighting, temperature, humidity, or other
environmental factors. Any additional stimuli or environmental changes could result in a
change in skin conductance respenmaking the cause of the skin conductance response
unknown. Controlling for these responseside alab is relatively easy: have all subjects

come to the same laboratory where external stiamaélblocked out. Instructing participants

3 Though some studies allow for a small amount of manual activity such as pushing a button or using a mouse.
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not to moveto talk, orto breathe hard eliminatesostbehavioral factors. Experiments can

be videotaped in cagmrticipantsdo move or talk, so the faulty data can be removed.

Laboratories control for psychological changes as WElectrodermal activity can
increag from anxiety, mental effort, positive mood, or negative mood. To allow for inference
with electrodermal activity, researchers carefully choose the stimuli to be presented. If a
participant is told to prepare a public talk, the assumed stimulus is anxittyparticipants
being asked about their anxiety afterwards (Kirschbaum et al., 11983). and colleagues
tested the difference between positive and negative im#gss showed carefully selected
photos that viewers previoustgted as positive or native. Inmediately after viewing the
images, subjects selfeported their affective statgang et al., 1993)Thus, b verify the

elicited mental state, researchers rely elftepors and normatively ratestimuli.

Many times, ambulatory measurements do not have the benefit obltmhtsettings
and lack control over some factors that rhaye an influence: participants will move around,
vary their environments, and be exposed to a multitude of stimuli that aveehatefined.
These uncontrolled settings can leave a researcher in the dark for why a change may have
occurred. In ambulatory measurements-sghiortdatais often absent and stimuli are novel

and unique, making inference difficult.

Although ambulatoryresearch can have low specificity, there are ways in which
researchers can either create the neemledl to onerelationship or infer results without
specificity. In the nei sections we suggest a variety wiays in which ambulatory
measurements can increate likelihood of making a strong psychophysiological inference,

ie.,redeet he fAspecificity probl emo.

2.3 LISTENING TO A CLASS ICAL CONCERT AS A CA SE STUDY

As an example, we focusn one project we have been working on: measuring the
attention and engagemeof participants as they attend a classical concert. We medkered
electrodermal activity of 4Participants from their middle phalanx as they viewed a classical
concert at the New World SympharAfterwards, we conductetito 2 hourlong interviews

with subject pairs. During these concerts a variety of environmental challenges were

4 Not all thoughts and emotions can be controlled for in laboratory experiments. Participants can become bored
or anxious waiting for an experiment, participants may be thinking about their exam in an hour rather than
focusing on the screen, and individuads énterpret stimuli differently. So while laboratory experiments

provide more constrained stimuli, psychological responses can still vary.
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presented ringing phones, clapping hands, talking, posture changes, and more. However, we
were able to show a strong emotional response in anticipaitiand listening td(Romeo and

Juliete (Hedman etal. 20138 e | ow i s An i taneeraspossk to this aowcertd u ¢

Main Theme of
Romeo and Juliet

Classical Piece Ends
and Host Takes Stage

Quietest Part of
Romeo and Juliet

Figure 22 Ani t ads skin conductance <changes acr o:
researchers interpgréhese responses?

Whil e the majority of ampeXxmrpspins, w ialsol foc
measured three other peopl eds resmbifoses dul
peopl eds mgrphedsimdtansousyr e
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Figure23 Four peopl ebds sk ses tothe Ramea dana Juliete Coneest.p 0 n
Anitads response is the yellow one.

So me o f ssknnconduaténceesponses occwat times when other participants do
not respondAt other timesall four participans respond near the same tjriike the large

responseo a transitioraround minutel.8.
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2.4 USE OF MULTIPLE MEAS UREMENTS

The primary way of creating specificity in both controlled and ambulatory research
has been incorporating multiple measurements. Rather than keeping factors constant,
researchers can e@asure and account for additional factors. We detail a list of common

factors and discuss ways afcaunting for their influence ambulatory settings.

2.4.1 Physical Influences
Micro-Movements

When participants touch or accidently adjust electrodes or theumeg device, data
can be altered in large ways. For example, an eggponsdrom a touched electrode can
have large effects atalculatedheart rate and heart rate variabili§tuiver & Mulder, 2009)
When rticipants put pressure on the electrodes or the tape bgdoose, we will see large
responsg and drops in signathat could appear as an additional skin conductance response.
Many electrodes do not take much effort to manipulate. For electrodeshgersfi an
individual moving their knuckles, flipping through a program, or resting their hand on their
knee could all produce artifacts.

One way of detecting these changes is to detect their presence in the signal. For
example, when an electrode beconmsse, a rapid decrease occurs, which does not happen
naturally (see 3.10.3 for example of artifac)s Alternatively, researchers could use force
sensorgLee & Nicholls, 199) to measure the current pressure applied to the electrodes. If
participants are videotaped, movement where the electrode is placed could be afanarker
artifacts as well. Wemeasured skin conductance on the left and right side of the body
simultaneouly and removediatathat occurred on only one side, as these changes may be
due to micro movementgHedman 2010) However, thissolution maybe ill-suited if
differences could naturally occur between locatidis example, skin conductance has been
found to be under ipsilateral contloy several subcortical regiorfMangina & Beuzeron
Mangina, 1996) Picard et al.(In Press)observed asymmetrical differences in skin
conductance in both controlled experiments andtdaiay activities, so some psychological
effects could be missed by only considermgments where the two sides condur the
future, new ways may be developed to secure ser{Baisener et al., 2012)put these
methods should be tested as even a taped down electrode canlslgnoaugh participant

movement.
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Metabolism and Movenr

Changes in metabolism can have a large effect on physiological signals, much larger
than corresponding psychological statgbkx et al., 1974) When an individual lifts a hand or
a foot,there can béarge skin caductance responses. Exercise like moving up a hill or stairs
can produce physiological changes as well. In our symphony work, transitions between songs
corresponded with largeesponse in skin conductance. These musical transitions also
included clappinghat can create skin conductance response as well. In our initial trials, we
had to ignore transitions between songs because of this movemlater fessions we asked
participants to refrain from clapping and still saw lamg@sponss during transitios 1

suggesting there is a psychological response as well.

One way of measuring changes in metabolism is by measuring oxygen consumption
either directly(Blix et al., 1974)or in a calibratedband across the torso amtbdomen
(Wilhelm & Roth, 1996) As sensors have become smaller, movermaedt corresponding
metabolism havebeen measured with acceleromet@#yrtek, 200}, Poh et al., 2010)
During treadmill activities, accelerometers strongly correlate with oxygen uptake (the-Tritrac
R3D had a correlation of 0.93)owever these correlations are substantially decreased in
other lifestyle activities For examplethe TitraccR3D had a correlation of 0.59 during
lifestyle activities(Trost et al., 2005)

Movement may change a physiological signal without changing metabolism as well.
When individuals scratch themselves, or edleir arm from an armrest to a knee we have
observecchanges in skin conductance. These movements are not likely to leage affect
on metabolism but can sometimpsduce large skin conductance responses. Researchers
could put accelerometers ostudy par t ihandsp &dut tweuliithen need to put
corresponding sensors on feet, leaohd other places where twitches could occur. In our
work, we rely on video tape to remove these physically induced responses. During dynamic
interactionsi someone taikg with their hands, trying out retail products, writing a pdper
these movements can become too numerous to account for. Additionally, one can conduct
hard work or muscle movement without much visible moveniemhagine an individual

clenching a fisbr carrying a heavy backpack.

Posture

Like movementinfluences, changes in postupan also have a large effect on

physiological signals as we{Pomeranz et al., 1985When participants at the symphony
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would shit in their chairs, bend over to pick up a program, or stand up, skin conductance
responses could occur. Strain gauges could be worn to signal changes in body position
(Lorussi et al., 2004)Additionally, a néwork of accelerometers can help determine body
position as well, taking advant ag(oersier & gr avi
Fahrenberg, 2000)However, determining position based on acceletemdata becomes

more difficult as an individual begins to actively mdi#ansson et al., 2001)

Breathing, Yawning, Sneezing, and Talking

Taking deep breaths can also change a physiological gigmath & Bishop, 1981)
One of the ways to produce a reliable skin conductance response is to have participants
breath hard or blow up a ballo@iykken & Venables, 1971Effects likecoughing yawning
(Greco & Baenninger, 1991and sneezing(James & Daly, 1969¢an affect physiological
responses as well. A simple way of detecting changes in breashiith a chesstrap and
removing datahat ceoccurs withabnormal breathing patter(Bearden & Moffatt, 2001)

The process of talking can be an emotional experiandds often a subject of study
speech has been st to affect psychophysiolog{Spitzer et al., 1992; Westenberg et al.,
2009) Talk in itself alters breathing, which in turn can affect physiological signa&ing
interpretaton more difficult One solutiorfor measuing psychophysiology during speech

to only compare times when subjects are talkihgimilar volumes and rates.

Summary for Movement

Physi cal changes in the body c @goalstaev e a
Often times, measuring and taking into account exact changes in physical activity is
impractical. In these cases, researchers should be vigilant in interpretation as physical
changes can substantially alter the data and alter interpretatioouFsymphony work, we
saw large increases skin conductance duringntermissions and clapping, however we
removed those spaces from analysis as there was a change in physical movement. However,
when the subjects were sitting rather still during theceat,we could conclude that physical
movements and changes were not likely the reason for responses. Participants could still have
moved their feet or began rapidly breathing, so we relied on results from multiple subjects to

account for these random ihfences.

2.4.2 External Influences

A laboratory setting is eelatively constant environment with theain external stimuli

being controlled by the researchers. However, in the real world, the environment is constantly
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fluctuating around us and we are constanglyponding to these changes. In this sectian

describe ways of accountingrfenvironmental fluctuations.

Temperature/Humidity

Changeof location or time can introduce changes in temperature and humidity. These
changes can affect physiological respmsin particular skin conductan¢@/aters et al.,
1979) Testing responses both in and outdoors or during morning and night could be affected
by temperature and humidity. Sensors today can easily measuredampand humidity
(Fletcher et al., 2010; Meng et al., 2004; Meng et al., 2004)

Time of Day
Physiological responses can change diurni@igt et al., 1999; Yamasaki et al., 1996)

Most sensors today have a clock function, stadlies should account fome of day Ideally,
timing is recorded in relation to circadian cycle as well, since many physiological ggeces

are altered by sleep regularity.

Environmental Stimuli

Physiological responses are sensitive and can respond to many different stimuli. While
these responses might be psychologically relevant, the causal mechanism may not be
observed thus leading to nisinterpretation. For example, during some of our symphony
views, a large group of people came in late, clacking their heels. Afterwards, participants
reportedfeelingannoyance twardthese guests. The skin responses during this heel clacking
could occurfor two different reasons. First, a new sound \aasird likely creating an
orienting response to novelfiynn, 1966) Second, the users reported frustration, which can
also change skin conductan@xcheirer et al., 2002)f we were to miss this small event, the
large skin conductance response could easily be misinterpreted as a response to the music or
concert itself. These environmental changes are occurring constamtig. & the stimuli we
noted at the concert included a touch on the back by a husband, scratching oneself, eating a
snack, drinking alcohol or coffee, chewing gum, a triangle player messing up and catching
the | istenerds att entgiasleep, and ediadng meprbypersgnr ogr ar
sleeping This long list is to emphasize that even during a one hour concert, where stimuli are
discouraged, the number of stimuli present was still large. Wilhelm and Grossman outline a
series of these contextual \arles and suggest methods that may take some of them into
account (2010).
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To fisenseo all contextual influences woul
imagine a detector on the mouth to detect drink items, touch sesmasng the bodyn
case obodily touch, a microphone to detect any audio conversationpatdhese measures
are impractical today. For the symphony, we video and audio taped the concert and also
observed the participants in the setting, which helped us catch someeo$tinaé, but not

all of them.

2.4.3 Psychological Influences

While most ambulatoryphysiological measurements aim to be a marker of a
psychological state, determining what psychological state was produced can be difficult as

physiological responses can occumfra \ariety of mental states.

Drifting Mind/Day Dreaming

During the concert, some people reporthdt their mind drifted off. They began
thinking about what was for dinner or what to do after the concert. These thoughts in
themselves can be exciting, perh&yen more exciting than the concert, producing a skin
conductance respondémay be the case that mind wandering is quite pervasive, occupying
1550% of par t(Snaliwpod & Schoolert2008By looking at ocular motility, it
may be possible to detect when an individual is daydrear(igger et al., 1971)
|l ndi vidual s coul d al sai rrreeploervta nwh etnh otuhgehyt oh abvye
(Antrobus et al., 1967)though the accuracy of correctly reporting d&gining should be
studied more.

Mental Work

When a person is presented with a difficult mental,tpblgsiological signals can also
change(Kramer, 1991) A person may not be experiencing an emotional event but rather
thinking hard. During the concert, were the new participants excited about the concert or
conversely mentally working hard to listen andderstand the complex music? Mental
workload could be detected externally with a surveybehaviouralmeasurements. For
example, we noted when the skin conductance of a child with Autism Spectrum Disorder
rapidly increased as she planned how to climiopnof a swing(Hedmanet al., 2012) We
knew the process ahotor planningfor this child would bedifficult, as the therapistad
informed us. For the symphony example, we relied onreplhrs, noting times Wen

participants reportedding confused or thinking hard.
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Affective State

If all other influences are correctly accounted for, identifying the affective state that
triggered the response can still be challenging. Skin conductance can increase for both
posgtive and negative valence stimuli and for other mental states as well including disgust,
fear, happiness, and sadness @-ehal., 1993). When a subjeesponds to th&omeo and
Juliete is she excited or stressed? We use-reglbrt to evaluate thesesponses. When
asked about the theme, Anita waved her arms to her chest and told us how wonderful it was.
It may be possible to detect discrete emotional states with additional physiological responses
also, which we cosr inthe Measuring Unique Signatstion.

2.4.4 Additional Challenges to Using Multiple Methods
Correctly Accounting for Influences

Once an influential factor is observed, the physiological response needs to be correctly
adjusted.Physiological responses often are forear, and correctly subtreting or adding
values to a signal is complicated and understudied. For example, increased metabolism

corresponds with an increased heart rate.

One way of accountingfgshy si c al mo visesadogional deart ratéBlix etc t
al., 1974) Muscular workload during exercise is proportional to d@nsumption so Q
consumption can predict what a n The entbiiomal dual 6
component of heart rate (the additional part) can be calculatedbisacting this predicted
heart rate (based on.@onsumption) from the current heart raidis method requires a
previous test (usually more than one) to document the relationship between the physiological
signal and influential factor for each indiveluand assumes this relationship will remain

constant across time.

A more conservative method is to only compare datanwaetors are constant for
example, we canompare physiological measurements at times when otfheential factors
are the samaBy comparingtimes wherphysical activity is similarpne can assume physical
activity was not anajor influence relative to other situations with the same extent of physical

activity.

A third option is to remove data from analysis when an additional fatpresent.
When subjects moved their bodies or clapped during the symphony concert, we ignored that
data, as we were unsure how electrodermal activity changes with these factors. Researchers

also need to set thgght measurement epocin A n i t a pitstakesk dotraninutes for the

33



skin conductance level to return to fmapping levels. Removing data makes interpretation
more difficult; the amount of time an individual is not moving their hands or body, not
talking, and not influenced by an external stincuts out a large portio of data in our

symphony work.

Interaction of Factors

Additional heart rate can help when movement isahky other variable of interest;
however, when more than one factor influences an individual at the same time, inferpretat
becomes more complicated. In the additional heart rate example, the baseline relationship
must remain constant across time, which may not be the case. For exampledividual
drinks a cup of coffee with caffeine, this may change their hearafigevards(Green &
Jordan, 2002)Therelationship betweeaxygen intakeand heart rate may changecause of
the caffeine and this change may not be linear. The interaction effects between variables are
complex andaborious to modesspecially for more than three factors.

Overall, this section underlines the potential and also large number of challenges to
correctly using multiple measurements to narrow a physiological respanaene to one
mapping.This sectiom was intended tbelp orientambulatory researchers to the challenges
they may find in interpreting results and potential areas where more research will be helpful.
Below we outline other ways of either increasing specificity or being &binfer withoa

specificity.

2.5 COMPARE GROUPS OR U&E A CONTROL GROUP

Laboratory researctcontrols for the large number of factors that create signal
variability by comparing across groups. Additional factors can often be thought of as noise
that influences both groups ealy. For example, Adam and Gunnf001) compared
cortisol levels between mothers who worked long hours shorer number of hours. Some
factors, such as food eaten, amount of exercise, and time outsidedidkelgt significantly
differ across groups and therefore wegpeobably not a cause for observeortisol
differences. Howeverthe authorsstill needed to account for any additional variables that
could be influenced by work hours, like wake time and rationship status. The list of
influential factors that may e real cause for differences (third variablegh ambulatory
measurements different groups may bengaging irdiffering physical activitiesexposed to

differentenvironmental influeces,andexperiencing differerppsychological states.
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2.6 MEASURE UNIQUE RESPONSES

Finding aone to onemapping of a skin conductance response to a psychological
response is most likely impossible. However, rather than mapping basic physiological
responses, reseaduers can look at more complicatedationshipsbetween different signals
and time. Cacioppo and Tassinary give the simplified example of differentiating between
orienting, startle, and defensive responses from individ(E390) All three responses
produce a skin conductance; however, heart rate only increases during startle and defensive
responses. The heart rate respeitween defensive and startle responses also,difftr
heart rate rising and peag much later with defensive responsgsnn, 1966; Turpin,
1986) By analyzing skin conductance and heart rate responses across time, reseanchers c
differentiate the three responses. Byntining signals together and looking at their patterns
over time, we could find unique responses that only occur duriagifip psychological

responses.

Some researchers are using modern pattern recognition procedures to classify
psychological states fronmultiple physiological signalgChristie & Friedman, 2004;
Kolodyazhniy et al., 2011; Kreibig et al., 2007; Stephens et28l10) However, these
multivariate methods are often done with only one controlled stimulus lkedetermined
movie or music, and future work will be needed to determine if these effects are consistent
across environments, which would be essentialambulatory studiegQuigley & Barrett,

2014) In one ambulatory, neurological studdoh et al. identified times when children were
having a seizure based off of a combination of accelerometer data fromishevitir skin
conductance data (2012). By analyzing complex interactions across signals, it may be
possible to identify unique responses that havmeto oneanappng with a psychological

state.

2.6.1 Filter Signals

Similar to finding unique responses, researsitan selectively pay attention to signals
that pass certain thresholds. While skin conductance responses occur throughout the day,
large skin conductance, with amplitudes greater than 2 uS occur fewer times. In analyzing the
symphony data, we filteregsponses to only those that were in the top 10% of increases in
amplitude(Hedmanet al., 2012) Small changes that may have occurred because of small
movement shifts, novel stimuli, or for a nepecific reaso were ignored. We were left only

with points where a more influential event occurred. These filters do not createta one
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mapping on their ownhowever, the largest skin conductance responsesobserved in the
symphony study occurred during movemanthe intermission and ending, which would still
need to be accounted fdtiltering out signals will require more research on what range of
values psychological changes can adtphysiological signal, and what range of values other
factors can alsalter that signallt may be the case that the other factors have a much larger

range than the psychological state, making filtering difficult.

2.7 MEASURE ABSENCE OF RESPONSE

Physiological responses can occur for a variety of reaspasy(to ong However,
the inverse of this relationship is true as well, if a physiological response does not occur, than
all the causal mechanisms that produce that response likely did not occur ésssiething
no measurement issuage presendind the subject is not stabilén absence of response can
be interpreted as an absence of (€acioppou&d us,
Tassinary, 1990Researchers in marketitgve noted times during ads when participants do
not physiologically react to an ad, suggesting those ads may not be as aciiMatnheft &
Hazlett, 1999)In the symphony example, during a song performance from minute 24 to 27,
no skin conductance responsesuroedfor Anita. Sincethe process of orienting camoduce
skin conductance respses, weconclude that she did ntikely orient or emotionally respond

to the plucking string, long pause, or crescendo insécsion.

2.8 USE CONDITIONAL PROB ABILITY TO IDEN TIFY RELATIONSHIPS

Rather than treat physiological signals as a marker of a psychological state,
researchers can show relationships between physiological signals and psychological states.
Usinga conditional probabilityparadigm one can determine a retatship between variables
by analyzing their covariancEor example, Myrtek2004)tested how increases in additional
heart rate corresponded to various emotional states. Whenever additional heart rate increased
past a threshold, the participant was signaled to select their current emotional state.
Participants were also polled at random time intervals. For analysis, Myrtek compared the
frequency of reported emotions during triggered and randomized fithegrobabity of a
person being in an emotional state when he has increased heart rate is compared to the
probability of that participant reportinghe emotional stateduring randomized times. A
difference in probabilities would suggest that increased heart mtelates with the
measured emotional statds another example, Cacioppo and colleagid€88) measured

student séb EMG over t he brow region whi |l e
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corresponded closely witthei n d i v i d-tepoifted smotwoeal state. With a conditional
probability paradigm, researchers can make better inferences about the relationships between

physiological changes and the accompanying psychological stat

2.9 DO NOT ASSUME SPECIHCITY

In evey ambulatory study we presented, physiological changes could occur for a
variety of reasons, many unaccounted for. While laboratory experiments often design their
experiment to allow for specificity, ambulatory researchers should often assume low
specifigty; the physiological responses could occur for a variety of reasons. Often times,
bringing a physiological response tooae to onemapping is too limiting or impossible.
However, ambulatory research can still be useful when the lack of specificity is
adknowledged.

Fahrenberg1996) suggested that ambulatory measurements were a compliment to
laboratory experiments. Ambulatory research can confirm the external validity of laboratory
results and also helgsearcherdiscover new psychophysiological relationshipeese new
discoveries can later be tested in laboratory settimigsre specificity is higherin the
symphony example, we noticdtdat A n i t kanécendustance changed duritigansitions
between pces. Novel stimuli increasing skin conductancel®en confirmed in laboratory
settings multiple time$ novel stimuli create responses ahds study showed this effect in
an ambulatory settingNVe also noticed Anita showed a large skin responggoto® and
Juliette a songwith which she wadamiliar. A laboratory experiment could be designed to

further test whether familiar classical music creates larger responses than unknown music.

2.10 CONCLUSIONS

In the future ambulatory psychophysiology measuremeavitsbecome more and more
accessible allowing scientists to understand psychological responses in real world settings.
These tests have the potential to help show the external validity of theories and provide a
ground for new types of questions tltaimot be answered ioontrolled settingsHowever,
ambulatory measurements must acknowledge the "specificity problem™ or inferences may be

incorrect.

Using nultiple measurements is the-gw approacho accountfor influential factors,
but measuring all othe possible additional factors can prove challenging and in some

settings nearly impossiblelike accounting for movement with additional heart rate,
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researchers can begin to measure and account for other changes like breathing and changes in
posture. A ndi vi dual s psychol ogical state and ex
a cell phone ringing are harder to measure, but could be accounted for with new measures.
Future research should continue to develop new ways of measuring these additionsl

that influence psychophysiologgnd develop new ways tmest account for these factors in

analysis

We also discusseather ways researcheran make conclusions without havingrse
to onemapping. A onditional probabilityparadigmcanhelp esablish relationships between
psychological states and psychophysiological responses. My(28K4) compared
probabilities of emotional states during increaBedrt rate and randomized tim€acioppo
et al.(1988)showed correlatianbetween emotional states and facial EM&ponses. Future
researchers can compare the probability of responses during changes in physiology or
controlled times as a way of testing a relagimp. This method has the advantage of being

agnostic to other influential factors, as probabilities are compared.

Identifying moments of lack of response also can provide psychophysiologists with
inferences, even with low specificity. While most arnabory research measurehen
responsesccur, research about when responses do not occur may provide valuabledearning
for questions where specificity is loWhen participants in the symphony response did not
produce skin conductance responses, we were abtericlude that they were likely not
orienting or emotionally responding to the music, despite multiple variables capable of

increasing their skin conductance in that setting.

The final option is that researchers do not assume specificity. While inferareces
reduced without specificity, ambulatory measurements can still provide new information that
can be further tested in controlled settings. For many of our questions, the symphony research
had low specificity, yet the research also revealed intereptiggiological responses that

could be tested and refined further in more controlled settings.

This chapteris a beginning road map, a list of strategies we have personally used in
interpreting the messy world of ambulatory methods. As the field growkyokedorward to
new methods and techniques to either work around the specificity problem or address it.
There is much to find in the real world from ambulatory methalltsying researchers to test

realworld reactions in meaningful contexts.ittWthe righ critical eye and methodolazl
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forethought, ambulatory researchn provide new insights and inferendesping to bring

the everyday world to psychophysiology
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Chapter 3: The Thick Psychophysiology
Method

3.1 BACKGROUND

In this chapter, | describe how ake inerences from exploratomgsearch with a
method | entitlefiThick Psychophysiology dhick psychophysiologyuses observational
methods and interviews to gaintlhick description of amventoccurring in the real worldl

definethick psychophysiologgs haing these four characteristics:
1. Quantitatively measures a physiologieapect of an individual.
2. Answersanexploratory ambulatory question.

3. Researches external context: what events lead to a physiological response

occurrin@

4. Researches internal contexthat is the meaning and interpretation of the

physiological response?

| n K therapp example, the external context includes information like: the therapy
session was early in the morning, the child
had tolisten to her own voice. The internal context desstbéne chi | ddés é&émoti on
the therapist reportethat the child appeared overwhelmed or the child tried to take the

headphones off, sggsting she may be frustrated.

While thick psychophysiolgy itself does not have a background of practice, various
fields of research have implemented a combination of the described elements, and are worth

noting to help describiick psychophysiologi contribution and inspiration.

3.1.1 Traditional Ethnographic Met hods

Anthropologicaland sociologicakesearch is rich witlobservations and interviews
about the nature of emotioRosaldo lived in the Philippines for two years and noted how the
LI ongot tribeds feeling of shantehade pfajegéa ed fr
large role in young malewhile headhunting(1983) Hochschild attended a Delta Flight

Stewardess training and interviewadmerousexpert and training flight stewardesses to
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understand howaf | i ght st ewar des srécomnoditizadiincsrea lv ircees pva it s
s mi (2@08) Katz videotaped French touridisr 8 hoursas they interacted in a French,

mirror fun housg2001) He analyzed frame by frame when people ladgind how others

around them behadeHe noticedthatvisitors hardlyeverlaughed alone, and when they did

it was often to gain attention of colleagues.

A review of all the observatiohastudies about emotions done from an
anthropological or sociological perspective would be a feat in ifsedf Leavitt, 1996; C.
Lutz & White, 1986; C. A. Lutz & AbtLughod, 1990)but one consistent patterntisatthe
research does not use psychophysiology. The few times sociologists and anthropologists have
used physiological measurements, the research resembles laboratigertsrather than
exploratoryresearchFor example, Cohen and colleagu@996) studiedhow aggression
occurs i n sout henrcompdnedtd tudentSwha grewsup in toetherh u
part of the countryA confederate in the hallway bumped irttee participant and calletthe
participantan asshole. Quickly aftehe preplanned eventpar t i ci pant 6s t est
cortisol levels were taken amtifferences between physiological reactions were determined.
This study did not develop thick descriptions and tested a set hypothesis. Rather than explore
how southern culture affects emotional reactions with observations and interviews, these
researchers tested a previously held theory about southern culture, madhadikional

psychophysiological laboratory experiments.

3.1.2Laboratory Settings in Ambulatory Setting

I n order to establish external validity
majority of ambulatory psychophysiological researdsts specific hypbaeses (for a
collection of example see Fahrenberg & Myrtek, 200Fghrenberg et al., 2007). Researchers
have different groups of people participate in predetermined situations and note the
differences in responseBoucsein and colleagueseasured NSCRreactions for24 hours
(2001) Half of the participants heard a neutral stefyjle the other half heard a horror story
right before they went to bedfter subjects heard horror storjagbeir NSSCR frequency
and NSSCR amplitude increased. Wilhelm and Roth had two groups of participants, flight
phobics and controls, all flsimultaneously 0 aplane(1998) He noticed that flight phobics
had elevated skin conductanfrem the left hand palmer surfaead increasedadditional
heart rate. In this type of research, the main focus is to validate the tools as usable in
ambul atory settings. The r es etherLabbratorystotbev e n n -

Sk i e s .datacould hase been explored further. For examiile,responsesf the graph
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show thatphobics and controls both incredsekin conductanceluring takeff, but only
controls appeared to increase their skin conductance during the landing. However, these type

of explorabry questions are seldom discusse@mbulatory psychophysiological studies

3.1.3 Establishing Internal Context for Psychophysiology

When participantfiew on the plane, Wilhelm and Ro#sked participants three times
how anxious and excited thayere and what their desire to leave was. For phobics, self
report responses followed a similar response of heart rate and skin conductance across the
flight with a peak during takeff. Without this additional measurement, it would be unclear
if elevated kin conductance was connectedatp ar t i ci pant 6s i ncreased

may be due to their excitement, physicalv@ment from turbulence, other factors.

Psychophysiologistsise interview questions as a way of gauging the intermaéxo
asseiated withan ambulatoryphysiologicalresponse. Thorntome asur ed peopl ed
reported fear with a continuous response measurement dial and then showed the relationship
between skin conductance and reported (2a05) Kanning asked participants how they felt
when movemenivas recorded@2012) Wilson measured the heart rate of pilots while flying
and had them selkport their cognitive load as weglR001) Myrtek had participants report
their emotional state throughout the day while additional heart rate was measured. Analysis
showed how heart rate changed with different emotional s{@@34) Cacioppo and
colleagues interviewed participants with questions that vaneadtimacy. Subjects were
videotaped antheir EMG was recorde1988) Afterwards, participants describ&édw they
felt throughout the session. The researchers selected points wfibcific type of EMG

activity and had participants rate how they felt at those times on different scales.

Typically thesesurveysare quantitative with precise questions, which camde
ideal for exploratry research. When developing thick description, ethnographic researchers
tendtoaskopeended questions | ybe fHhHew?di or t ii&h am
listeningtohow peopl e descri be t hei specspeaivesDailyt e . W
asked children in a classroom towatch a video combined with skin conductance and
describe what they believed the changes in skin conductance (@@a0y Mirza-babaei and
colleagues noted times when skin conductanegponses from left handed palmer surfaces
occurred during video games, and tlleay interviewed participantaboutwhat happened at
those times, noting times whegame bug®ccurred(2011) While Daily and Mirzababaei

42



both used opernded questions, both studies were more about describing and validating a

new met hod and did not share insights from p

3.1.4 Establishing External Context for Psychophy®logy

Even in controlled settings, psychophysiological response®fter influenced by
external stimul From tones, to arousing photos, to preparitggy give a talk,
psychophysiological studies tend to use a contresgdrnal event, whicls expectedo elicit
a physidogical response. Fambulatory responses, this external context can become more

difficult to identify and categorize

Taking asmallstep from controlled studies, somelanatory research breaks down a
physiological responsato different time segments, and compares responses athese
segments Dozier and Kubak conducted attachment interviews with participants while
measuringtheir skin conductance. People who reported being more hypersensitive also had
higher skin conductance ldsewhen talking about being separated, threatened, and having
changes in relationshigd992) Wilson had pilots conduct a series of flight maneuvers and
noted the largest increase in heart @eurred when pils werein the bombing range and
duringtakeoff(2001) Rather than having a closed hypothesis, e.g., dgieg increase skin
conductancethe researchersought out thdéimes thata physiological response ocsue.g.

when does flying create the highest skin conductance responses?

Researchersanalso note whespecific everg occuras a way of describing external
events. Ravaja and colleagues noted every time players made a kill, were critically wounded,
or diedwhile playing a James Bond video ga(@€08) Those responses were correlated to
skin conductance responses and facial EMG. Sands and Sands measured EEG of shoppers in
a grocery storeParticipanté responsesitfered when they looked at hedonic items like ice
cream and alcohol compared to staplers and frozen food. Hazlett noted times during a racing
game when participants passed another car or were passed, labelingntmesetsas
positive and negative everasad then noting how facial EMG differed between these events
(2006) Healey and Picar{2005)had two researchers mark potential stressors of drivers by
labelling wren stressful objects like stop signs and bumps were present in a recorded video.
By measuring when specific events occurred, researchers were able to better identify the

external context around snses in uncontrolled settings.

When participants are aixposed to the same stimulus, like a video or an ad, changes

in combined physiological responses can be connected to the consistent external stimuli.
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Hazlett and Hazlett measured facial EMG to detect wbamicipants smiled during ads
(1999) Thornton measured electrodermal activatyd selfreported fear as viewers watched

ads about preventing car crashes. In one commercial, the largest skin conductance response
occurred at the beginning when a pedestuas hit by a vehicle. During a slow motion

replay of the hitthe skin conductace response increasdalt lessdramatically Daily and

Picard noted which words participants were typing when physiological responses occurred in
an electronic diargy2004) In these cases, researchesedchanges ipsychghysiology as a

marker to highlight a consistent external event.

Researchers may also try to describe the situattsnand an evenas well. For
example, Kanning was studying how movement and affective state corresgaad2y He
asked participants to additionally report the context participants were in (working, leisure
time, transport, and chores). From a thick description perspective, working only begins to
describe an environmentalontext. Anderson and Lawler measured systolic heart rate
reactivity as participants recalled a time they were ari§y®@5) Type A women showed
greater reactivitywhen they expressefdustrationof autonomyneeds and Type B women
showed more reactivitywhen expressingrustration of affiliation needs. The authors
specifically concludethe essential need to consider the context of the interview in order to

find differences in responses.

| was only able todentify two research projects whemexplorative operended
observational methods were used to describe the external context. In the first study, Mirza
babaei had participants play a video game rmodrded skin conductanéem left handed
palmer surface$2011) He then replayed parts of the video game wis&ne conductance
response occurred arthd participants describe what happened. For example, one player
r es p o hwhe mbt sére if | could stilldrve my buggy or i f it was
driving it again, but was not sure i f it wa
Perhaps my favorite example of observational metimgsychophysiologyas on accident.
Zeier and colleagues wted to test the heart rate responses of students when they
participated in two tests and a lecture over three (Z3@1) However, theesearchersere
surprisel when the largest increase in haate was not duripthese tests but at a time before
hand. The researclselooked into what was occurring at that time, and discovered the
students were practicing for an oral exam. He also noted on the third night, heart rate stayed
more elevated than the two previous dayle determined this ddrence was due to the

studentsgoing outto a party to celebrate the end of the thilag event. Zeier does not
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describe how he determined these events, but as we can see, the little knowledge of the
external context he was able poduce helped him understand why a physiological

differencemay have occurred.

3.1.5The Vision

When comparingBriggp s descri ption of Eskimobs emot.
threeday academic event, psychophysiologists have a Vang to go toproducestrong,
thick description The work | present will be an attempt to bring explomaresearch and
strong observational methods to psychophysiology. | imagine a world in the fuhere
psychophysiologistsanthropologists and sociologists team up to werdtand dayo-day
interactions with a grounded theory perspective.

This chapter is a detailed description of how a researcher might cotidcict
psychophysiologyWhile the method seems simple, there are ntamyplexchallenges and
obstacles that carcour in the process. | attempt to highlight these challenges and also show
how my method has worked. This method has been reiterated anapaoumtiver the past six
yearsbymeasuring over 100 peopleds skinThsonduct
met hod was used to help Lowedbds and LB®st Buy
Group enter into the tablet space, IDE@ve various design problemidasbro learn about
the stress of a new board game, &@wbglemeasure the emotional experience loé self-
driving car. | dte specific examples where | can. In particular, as the retail experiences
containconfidentialspecifics | give the hypothetical example of a person buying a blender to
help illustrate the methodology. hope you find these suggf@ns informative and

inspirational.

3.2 EXPERIENCE SETUP

When | started researching emotions, | treqtegl o p | e 0 s like aetyigab aircuie s
signal in anoscilloscopd something that can be stimulataad then measurednvironment
independent. Howeveemotions are not tied to the product or service themselvet) the
interaction between the item of study and thiernal and externatontext. A lost tourist
trying to catch a train has a different experience with Google Maps than a couple lawking f
a place to dine on a romantic evening. A college student shoppirtiefdirst laptop is
different than a business executive who needs a new laptop for a key presentation tomorrow.
And both of these experiences differ from a laboratory participang) lpsird $200 tdrowse

for a hypothetical,unnee@d laptop. Psychophysiologyallows researchers to precisely

45



measure moments of high arousal. However, that precision is wistied experience

observed does not accurately portitag experience in question

In one hotel experience, Design Continuum bafibtellobby out of foam board to get
the feeling of the spadqBueno & Podolsky, 2010)This prototype worked well to develop a
basic understandinigr the layout anchote how ideasvould interact. Ifwe were to measure
the emotion of a subject pretending to be a guest in the foam board hotel, their experience
would be wildlydf f er ent t han a arviad frong & @cut fliight likelyA v i si
may not pay attaion to the wall decorations or furniture at all. In fact, their motivation may
be focused entirely on finding a place to sit and relax or expediting aineCbllecting skin
conductance data in this foam board heteuld be rather fruitlesss the indvidual did not
need toactuallycheck into a hotel nor could she interact with the environmeattypical
way. In orde to test the experience of checking into the hddelsign Continuuntould set
this prototype up next door to an actual hotel, and resk guests to check into the

prototyping space. We would then be able to observe a much glessrexperience.

Early on, when | measured the skin conductance of children in occupational therapy, |
was fortunately forced tobserve real experience$he therapist would not allow me to
interfere with the therapyfearing it might upset the parents or make the therapists less
effective. | hid ina corner with my mini laptop and collected data and notes. By the end of
some sessions, children forgot to tadf their bandsand forgot that | was presd. The
emotional experiencesbrved in thesipy werereal, which was ideal for understanding the

role of therapy on childrenés arousal

In my second project, tlid not value the real worléxperienceenough | was
observing theemotional challenges (fEGO Serious Play, which was beimgdesigred for
classrooms where 5 to 6 children wobl@instorm ideas through building. ThEGO group
wanted to know how to make this produsbre engaging. | set up a fake sla®min the
MIT Media Lab.The room wasurrounded with glass walls with a researcher standing in the
corner taking notesl recruited five individuals who knewlittle about each other, and
instructed them to us€EGO Serious Play without setting any egxtations. In this
makeshift setting, participantgere anxious around one another. They treBEeAO Serious
Play questions as part of the research questionnaire, and had no reason to put effort or focus
on the questions. There was no teacher telling ctédren what to do. | learned the
consequences, when 30 minutes into one study all the boys started building spaceships and

attacking each ot her ds mo,dvieidh sofresgbndsglyecigater di n g
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many skin conductance responsé&his mock classroom still provided insights, but | was
unsure if the anxiety or boredom | measured would occur WEBBO Serious Play in an
actual classroom. We were unable to measure the sifesteacherwith a tight deadline
giving instructions to a classom of 30 children. lorder to observe the experiencel&GO

Serious Playi should have broughtEGO Serious Playd real classrooms.

For the next study, Hasbro wantede to un
playing a board gaméHedman 2011) | planned on providing childre€lue and then
watching thefamilies try to teachthe gameAs | began to design this research project, | was
taking multiple ethnography classes. One of my professorsGiahamJones, challenged
thisapproachHow does thehildb s per specti ve GBGHangés whegame|
itc?The child is no | onger fAplayingodo a game bu
an MIT researchefTaking his advicel carried a largeluffle bagpacked with 12 different
board games, and let childrehoose any game they wanted. With this switch, children were
able to dictate the course of play, much like a child gstonplay a game after dinnérhis
alterationhelped me discover a kaysight the most exciting part of a board game is opening
the game up, like unwrapping a present during the holidays. And right after opening the box,
the most boring sectio occurs, reading instructiondrainingc hi | dr en 6 sTheent hus

headinstructon designer still uses thigsightin his taks (Goodfellow, 2012)

As | began to embrace this idea of creatiagbworld experiencs, new challenges
started appearing. énw r ki ng wi t h B e, dindingBpeople who dantedotave 6 s
buy the productsvasessential. With Best Buy, my assistant stood at the front door and asked
everyone who was coming in what they were looking for.df/thaid they were interested in
the section we were studyinge askedfithey would liketo participate in the studyrhis
method enabled us to obsemaeal emotional stateks peoplé® sonfusion need forspecial
help, and meeting or not meetingpecific expectationwith which they had come into the
store However, this apmrach biaseaur participant pool to those who had timetelviews
were rushed as people did not have hours to spend on an unstructured intenemeg@mber

one man who told us his kids were in the car as we began to wire sensors on him.

For shopping, oe alternative is to recruit people wwampany friends or craigslist.
With this methodpeopleneed to have thimtention of buying the item you ambserving |
recommend callingnterested people and asking them to describe in detail why they want the
products they mentioned. If they do not have interesiserving emotional responses

becomes much more difficult. Whas emotional aboutfinding the right blender if
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participantsdo not need orieWith retail specifically, Would askparticipantso buy anitem

at the beginning and then at the end inform them that buying is optional.

With the New World Symphony, we had a similar challenge observing the right type
of peoplewith the right type of experience. We wanted people who signed up for a concert,
but we also mostwanted people attending a concert fdmet first time, novice attendees.
Consequentlyfew people attending were true novices, so we were unable to gather much
data on the real emotional experience of a novice. The most helpful participaaslined
was a friend of mine who had never been to a congeparticipant did not showand |
encouraged her to joithe study. Her reactions were terongestduring transitionsand
whenthe emcee presetd the two spots we theorized new people waelkctto. However,
having a mix of attendees walso valuable. We found some attendees expected and paid for
a normal concert and were frustratedtthe iSymphony with a Splastpresented a shorter
more interrupted program. If wiead only observed padipants like my friend, we would

have missed this insight.

In addition to finding the right participants, researchers need to setup the right
motivations. In the secondcEGO study, we were hoping to measure children as they played
with a difficult LEGO Technic set. e LEGO Group told everyhild participant thapeople
from LEGO headquarters weigoing to observe how they play witiEGO sets.Many of the
children were overlgxcitedon my arrival,running to thedoor to greet me and look at what
LEGO gifts | might be carrying.

In order to reduce the excitement of thEGO study, | spent considerable energy
downplaying theLEGO headquarter aspedttold the kids the project was a sensor study and
| was only interested in seeing sensor data of them gss#iestill. Childrensat at the table
bored for about a minute or two. A few children asked to play with computers, which | used
as an opportunity to observe how children react to games comjpak&GO sets. For the
children playing computegames a fewminutes in, | would let them know the computer did
not work with our sensors, and they would have to put it away. Fortunately, | had some
LEGO bricks in the back of my car, if they would like something to play withih this

approach, children opted ia playing with our test sets and also could play as they like.

In this LEGO study, we were interested in how children played with a tablet version of
the instructions.Part way through building)] would suggest that | had some tablet
instructions that | foyot about, in case they might be interested. | neddedhildren to
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believethe tablet was optional and not necessary. With this little tweadultl seechildren
behawe in a more realistic wayOne child turned off the tabletithin 10 minutesbecauset

was too frustrating to useédther children opted to use the paper instructions from the
beginning.Only after the interviewwould | let children know of our intent to build a new
app.Comparethese more natural interactiottsstandardesearchin aprevious test ran at a
local schoolwith many participants simultaneoudiyilding, children reported the tablet was
more fun than typical instructions, and no one turned off the taid&uctions Different
setings will influence participaisb affect and corresponding behavior, and researchers

should consider carefully how the environment will affect participants.

3.3 PLACEMENT OF ELECTRO DES

Traditionally, to measure electrodermal activity, electrodes are placed on the fingers or
palms, as these locationgave a high concentration of sweat glands. When possible, |
recommendo continue this method andeasue skin conductance on the fingers, though |
use the middle phalanx to keep the electrode more firmly pladede tried the palm, but
have difficulty keeping it taped down when participants move their hands (which they do
often). Thereare times when the middle phalanx is not optimasulbjectswill be moving
their fingers the electrodes are much more likely to become loose or show artifacts with
charges in pressurd.have had problems measuring from the fingers when participants type
on keyboard, write, play with toys,and gripa steering wheel. Additionally, children have
tiny fingers, and the electrodes have béand to keep on their finger®Vith children,|
movedthe sensor from the fingers to the arch of the foot, andtleation with dense sweat
gland distributionIf people are walking or moving their feet substlly, | try to avoid the

foot.

When measuring people with special needsAikésm Spectrum Disorder and Sensory
Processing Disorder, having sensors on the hands can prove too distracting for the individual.
In these cases, | measured above the afthegimanet al., 2012) While not ide§ the
children were able to wear the sensor over multiple days. Overall, | recommend researchers
try measuring from multiple sites in the beginning ahdse the locatiothat generates the

least amount of noisghile still having a strong enough signal
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3.4 OBSERVATIONS

3.4.1 How to Observe

When | first started with the skin conductance sensors, | had little appreciation for
observations. Initially, the occupational therapy setting was only necessary as a place to
collect sensor data. As the data was being redordeould start noticing events that were
happeningfiOh, wow, thereisampwh en t hat chil d i s <cliombing
Not thinking much of it, | excitedly presented the occupational therapy staff a graph of

multiple sessions so far, witesponseshanging acrosstmé@ Look, the chil dés

changing! o

Live History Settings

16

Figure3.1 Initial Interface for Measuring Children during Occupational Therapy. Orange and
Purple are skin conductance responsas ftwo different legs

| was more interested in the sensors being able to measure than what they measured.
That perspectivechangedwhen the therapists askedhy the responsesccurred When |
broughtthe results back to my advisor, she asked the sarmestigm,fi WWat was occurring

during these moments?

In my observational methods clasé Harvard,| learned that sitting anevatching
people, even without sensors, istaongway to learn about experiencebkstartedclosely
watching people while | colleet their skin conductanceobservecchildren rock back and
forth as their mother explained board game instructionsbservedpeople miss entire
selectiors of itemsin retail spacess too much information was presented, and | listened to
whatpeople sal to one another. Often times what is going on is so complex thatatah

the scenario multiple times.
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When conductinghick psychophysiologyideotaping is aecessityl can spendwo
to three hourssr ep |l ayi ng omrat intéraction @witha LEG@O set Take for
exampleRyard skin conductancas his féher helps him build RBEGO Techic set | see his
skin conductance decrease as he interacts with his fathénebuespondsuddenly.

|Sighs and Sticks out Tongue\

27%0.00 2880.00 2970.00 3060.00
seconds

[Looks in Researcher's Direction]

Figure3.2 Reviewing video provides context for why a skin conductance response may have
occurred.

Only by replaying the vide@long with the skin conductance cadissect whyRyard s
response may have changdditially, Ryan drops a piece and is likely reaa to the
dropping The father picks up the piece and takes the mbdel Ryanand startduilding
himself.Ryansighs and sticks out his tongue. The third peak occurs Riianlooks over at
the researchergerhaps in embarrassmefrom close inspean of the video, | do not
simply label the response Ryandropping a piece but a possibility of multiple factorbe
video allows researchers to identify the complex interactions that occur around a skin

conductance response.

While | have not beeableto do this yet, | amexcited to add eye tracking to future
observations as well. When children were readiBO instructions, | would sea reacton
while they are looking at the instructions and wonder whether they were looking at the page
number, a compx piece, or a future stepindllarly, in shopping, | would like to know what
part of signs create responses, as | cannot be sure what exactly people are reaeimggun
World Symphony study] would wonder what peoplevere focusing ornvisually. One
participant reactedin an unusual spotWhen | replayed that section, he told me he was

watching the triangle player the entire time, and that plagd finally started playing.
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3.4.2 Observations Affecting Participants

| am often asked gbutting a sensor onepple mées them sel€onscious, which in turn
alters behaviorand response§ o prevent seltonsciousbehavior | presenthe sensors in a
none moti onal context. AThe sensors wil!/ hel p
still will not be sure at you are interested in until you tell nmethe interview 6 Wi t h t ha

description, most people do not report feeling-selisciousor embarrassed.

However, a much stronger effeskems to comérom video cameras and human
observationRecording a paitipantcan makehemanxious. During the board game study,
one mother from Jamaica was playing Connect Four with her son who spends a significant
time at the Boysrad Girls club. The parent and child started arguing more and more about
the rules likely because the mother did not read the directions. &lcesednher son of
cheating and he started laughing. Eventually her son goes to the bathroom and she looks up
at the camera. The moment she looks up at the camera is the Ekgesbnductance
responseduring the entire session. | interpreted this as a moment when the mother felt
vulnerable, perhaps judged, as she was ndbqpeing in the way society expects a motteer
perform. | saw similaresponse$rom children as they were asking their pardotshelp in
front of the camera or looking at the camera lens.

Cameras can significantly alter an emotional experience. There is a sense of judgment
and performance if someone is being recorded. | know some researchers have participants
carry the cameras theselves, but this likely will alter the experience as wallernatively,
peoplecould wear cameras so they are neing observed and still alloathers to see what
they observeAn ideal situation would be to tell the participant they may be videotamed,
then tohide the cameras from easy view. In public places, | filace a sign letting the

public know videotaping may be in progress.

3.5 INTERVIEWS

Observationgprovidea limited perspective i p egesgperieriteTo compement
observations, | conatilong, unstructured interviewi the occupational therapy study, after
70 hours ofvideg, | hada consistent question: what were the therapists intending as they
conducted therapy? wish | spenteven justtwo minutes aftereach sessiorasking the
therapist how the session went. In the Hasbro studpserved one mother who had a clear

skin conductanckevel decrease as she read the board game directions.
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Her children were starting to rock and ask if they could play, so | assumed that she was
bored tooMuch to mysurprise,n the interviewwithout the psychophysiology showinipe
mother tellsme she felt calm readingjke reading a newspapéenterviews are essential to

hel p us wunder st an dsam®arsonaldaniepratationtoktheip expesepce.ct i v e

When | videotaped groups as they played WwHGO Serious Play, one woman reliably
produced large skin conduotze responses before she started to speak to the group. This

womanos s ki decreasedfteusbe bagarctadking
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Compare this response to another woman who reacted in the exact opposite way, her
skin conductance decress and then increasl when she talked. | needed interviews to help
me understand wh#e two participantsvere thinking and why these two resges differed
The first young woman, wise arousaincreased until she started talking, reported she was a
bit anxious abouspeaking Specifically, she did not know the people in the group and her
model was not complete, so she was worhied she wouldtalk aboutan unfinished moel.
The second woman, with the inverssponse told me how emotionally important her family
was to her, and speaking of a beach trip brought back an endearing mertexyews
hel ped me wunderstand ahy gneemational Gesponseemay pawec t | Vv €

occurred.

3.5.1 Conduct Interviews as Soon As Possible

In terms of identifying emotions, interviews need to be done immediately after a
person had an experienceinterviewed someherapists a year after they had conducted a
therapy sessiomncethe data was analyzed. This method does not work. Our mewhory
emotional eventare subject to forgetting and become biageer time(Levine & Pizarro,
2004; Levineet al., 2009)and therapists were unsure what their intentions were or whether
the therapy was effective, even withideo to review In a shopping experiment, | had
participants tell me about their purchase after we drove back to their home. Thistigag in

was enough to prevent people from rememberir
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nor mal experienceo or Al donot recall mu c h
conductedretail interviews in the store space. This added the benefallmiwing people to

reflect on the display, layout, and messaging. However, when talking about employee
interactions, | try to find an empty room, as you want participants to thevéeedom to

express problems without being judged.

3.5.2UseOpen-Ended Questians

Theworstquesti on one can ask is, AWere you st
Ao tells little about a personb6és perspecti
go?0 Perhaps when watching the &nagenera the , s om

research should use opended questions.eBpletend to bemuch more descriptive when
they are telling me stories of what happenkthave participantavalk me through what
happened in detail. As they describe events, | ask thelastribe ven more what thewere
thinking or feeling After a detailed interview, | then look at the skin conductance, and ask

them about any events they may have missed in the recollection.

3.5.3 Ask Peopleabout Exact Moments

When possible, | also play back the vidab moments whe responsg occurred,
telling participants that some highlighted events might be emotional while otherRenot.
watching videacanr e mi nd peopl e of all the events that
recollection of specific events algwovides another measure of how salient an event was
likely to be. If a participant does not remember a strong emotional experienocecatent,
thatemotional reactiomnay not bestrong. When interviewing people about specific sections,
| still have participants describe the event in a story fashion. | remember asking engineers
how they felt during moments tEGOSer i ous Pl ay, and their ans\
with the brickso. ABut how did you faplel ?20 #l
how they feel anymore. Rather, | ask them to describe what hap{d2esctibing events
tends to bring out emotional descriptions without prompting

3.5.4 Do Not Show Skin Conductance

Do not show people their skin conductance during interviews. Skin ctamdbécis an

easy way for people to suggest they were supposed to be feeling something, likely stress, and

emotionsar&e asy to | mpl ant i n.tSlowimyaonmeanksi oplemwkind s me n
conductance is | i ke aski nwglbeliave yogwee sttessedrat, AnFr
this point. Why do you think toloadonowecsll? 0 You
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anything as this helps show that the moment likely was nota@misingas the skin
conductane might initially suggest(LaBar & Phelps, 1998)There are some special
circumstances where showing skin conductance is appropriate, like teaching children about
emotions or demonstrating the sensor technology, but for design research, the sensor data

typically should not be shown to participants until after the interview.

3.5.5When Interviews Do Not Tell the Whole Story

While one person drove in a difficult settingmeasured hiskin conductance. His
knuckles were clenched on the@as wHhiswifesaig fiYou sure | ook str
sure youareall r i ght 20 | asked the driver mngoed happ
feelingno stress This example brings ugpistemological questions about what is an emotion.
| interpret this data in two ways. rBt, from a memory perspective, this event was not
stressful. He will not be telling his friends how stressed he was. However, consamqfence
stress reaction were algoobably presentHe was probably more easily agitated, focused,
and tense. | woulexpect that after the drive he reported feeling surprisirgbused but
attributedthe feeling to another issue. When reported emotions and physiology differ, | tend

to describe both the report and other observations that tell a different story.

Occasionly, a specific moment will seldombe remembered as arousiriyhen
askinga symphony attendee what the most arousing part of a concert was, few people will
mention the transition between songs. Transitions are not something we think about when
reflecting an emotionsn music However,the collected data showednsistentlylarge skin
conductance resporssduring transitions even when participants do notap. Perhaps, in a
concert setting we expect the medium to be the cause of emotional stimuli asuit is o
intendedfocus. From a grounded theory perspective, | ktimattransitions, loud noises, and
talking all create skin conductance respons@s,so | was not surprised to find responses
during transitions Despite no verbal confirmation, | concludedttlransitions help arouse

audience members.

Interviews with children also tend to produce unreliable repbmsmember Luke in
the board game study explathhow he read the rules to his mother, despite him not knowing
how to readmore than a few smallavds Masontold us Technic was his favorite set and he
would recommend it to his friends. WhémwatchedMasonon the video | saw him stop
building and ask his mother if he can play something &ssord6 s mot her hée ol d mq

almost never builds by miself which probably created anxietysomethingMasondid not
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describedirectly. In all of the above cases, | had to rely on observation®tredt sources of

informationto help me characterize the skin conductance responses

Other populations like thelderly or people with alexithymia may prove difficult to
uncover emotional experiences from interviews alone. These extreme cases accentuate the
larger question about why we privilegdfseported emotions as a gathndard when self

reports themselvesan often be unreliable.

| was hesitant to put theg@erview challenges my dissertation, as seléport being
inaccurate izisually assumed to like exception to the rule rather than the norm. Most often,
if people do not remember an emotional evarturring, | tend to not put heavy emphasis on
that skin conductance datevhile respecting that the response may be emotional and the
participant is unable to recall or talk aboutRandom or artifact skin conductance responses
are so frequent, thatbelieve peoplé seports are more accurate than the skin conductance
alone. From a design perspective, lokmark these nooonfirmed responsess an
interestingeventand interview othepeople about that momet see if other people do
recall theseeveris asemotional This is not to say that skin conductancdependent on self
report but more to say skin conductance combineti e#ifreport is more accurate.

3.6 ANALYSIS

3.6.1 The Generalizability and Unique Emotion Problems

With my occupational therapy work,took 70 hours ofkin conductance with video
and tried to correlate responses to activities: do children in ball pits calm efsigrthan
children on swinggHedmanet al., 2012} One statistis professor oomy mast er 6 s t h
committee encouraged me to conduct a strong, statistical analysis. | recruited undergraduates
to painstakingly go through all 70 hours of video and label thenemts when children
changed activitied labeled all of the videos for bogbpsition, activity, and conducted more
data processing than | evead hoped to do. All of that work produced one small result:
children are more likely to increase skin conductance when thetlpersiselves on a scooter
board,p<0.064 (Hedmanet al., 2012)and thisresultwas probably not significant with more
than 8 tests. Furthermore, scooter boards involved significant physical activity, so we could
not assume the difference was emotional. @ d ¢ h skin danductaihee not change
with therapy, indigescgthat teeragy hwasralboptihedping children regulate
their arousal? Actually, the skin conductance responses were notably dynamic. | saw one

child become stressed seeing a robotic tahila begin to calm down while she painted, and
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multiple children become anxious at having to talko a microphone But traditional

statistical analysis skipped right over these findings in an attempt to find a generalized trend.

Realworld emotions aredependent orani ndi vi dual 6s personal
child we worked within occupational therapwyasoverly excited as he entered the ball pit.
He would startannouncing AnBal I P attthe bdgianindg of pach sessidwot
surprisingly, his ski conductance increased considerably while in the balCpimpare this
toanot he rresporse tb thedbmll piter skin conductance dipped down as soon as she
entered; the ball pit was relaxing for herthet wo c hi | dr eare@a@nbimegas pons e
rather flat, highly variable responseproduced whi ch i s far from the
experience. From a design perspective, we wanhtierstandndividual difference, and this
flat response is detrimental. If 70% of customers love youicgeand 30% hate it, you have
a problem with that 30% and that should not wash out with the average.

A secondary problem is the complexity emotional experience#\ lab has highly
controlled stimuli, but theeal world has constantly changing and multiyered stimuli.
When Anna lies prone in the ball pit, the ball pit is not the only factor influencing Anna. The
therapist tells Anna it isime to be like Eeyordime forcalming down. No children are in the
room. Annais interacting with small stuffednamals found in the ball piton which she
focuses intentlyAnna is partially covered in balls, lying on her batke lights are low. Tis
list goes on. With so many factors, Anna will likely never be in the ball pit with the exact
same internal and extel context as befor&.his unique experience problem persists with
typical adults When shopping for a blender theshopperin a hurry?ls herchild in the car?

Is her blender broken and she needs one that afternods she browsing? Does slearn
visually or through interacting? Dghelook upblenderson the hternetbeforehand? This list
alsogoeson. Statistical analysis wants to take this |disg of factors and concludeuying a
blender is either stressful or not, but in truth many diffeempects (more than there are
subjects) influence an emotional experieri@ecause emotions are complex and individuals
experience the world differentlyl, focus on individual responsesnd describe specific

reactiongo products and services.

3.6.2 Analyze Right after Data Collection
After two months of data collection at Gc
responsewhenall data was collectedUnfortunately, | found one hundred new questions that

| was not thinking about that | wield| hadstarted nong from the beginning. | also learned
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too late that some of the sensors were not worlaely while driving: the sensors needed

moregel for properecording.

Compare my Google analysis to more recentvork with LEGO instructions orthe
tablet. | wenover the data immediately after collection. Aften al yzi ng tdatg f i r st
| learned my presence hadaageeffect ont h e ceRperlercérsl skin conductancéé
wanted to impress me)n the subsequenstudies, | removed other researchand anyself
from the roomWe also saw a large number of sensor artifacts in the sensor on the hiand, so
moved both sensors to the arches of the Wetinitially asked the mothsto not participate
so we could observe howhildren cope with stress.During a fluke interactionthe first
mother $arted helping her child, and the skin conductance changed consideBgbly.
analyzing data that day, we learned that mothers could play an impmkam helping
children play with challengingEGO sets Consequetly, we allowed participants to choose
how they interact with parents in all future sessidssearchers should put time into their

daily routine to analyze thaata as it is being collected.

3.6.3Combining Video and Software for Analysis

| remember irmy eaty days, the skin conductance response and video were separated,
and |1 6d be curious what hap poeldreinltesatd pinpointmno me n t
that moment and watch that clif. there arel00 skin conductance responses during a
session, video analysis becomesdaunting and unattractive. Softwasese, the skin
conductance needs to be tied to the video directly. If | click at a base of a peak, | need to be

able to see exactly what occurs at that momaestantly
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Figure3.5 Interface used for combining video and psychophysialogy

Videosneed to be immediately available after an expent. Having to render videos
or graphs can take hours aresearcherwill naturally fall behind. Aghe numbeof videos
that needo be reviewed increases, the chancethefresearcharever viewing the data also
increases. Sometimes a client will have a question, and it is gteatrésearcheran pull up
the file in a few seconds to tell that story. Consatly, researchers shouldot use the
highest definition vide@s the number of files that can be stored will be limited, and access

will take too long(l imagine in 10 years, a graduate student will laugh at that last statement).

3.6.4 Selecting Skin Conductane Responses for Analysis

Once the video and skin mductance are properly alignedzoom out and see the
entire Skin conductance across the session as a whole. Are there clear places where responses
appear to change®e there trendsip or down? Artifats can make skin conductance appear
flat, soresearchersnay need to zoom around these spmtdilter out those noisy jung
before viewingWith the Biopac software, | set all values below a threshold or above another
threshold to the mean skin conduxta response. In Matlab, | set the values to NaN so they

do not appear on the graph.
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Figure 3.6 Signal dropouts make the skin conductance responses difficult to olimerve
affecting the aut@caleand shoud be removedeforeanalysis.
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Figure3.7 Same response as above, with dropped signals removed.

The researdr will need to determine what level of granulariy appropriate for
analysis One couldre-watch the video and attempt to label every response, but dunirg |
sessions theravill likely be over one hundred responses, whidll wake many hours.

Additionally, many of tlese responses are nepecific; digging into the trenches of every
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skin conductace response can be dangerous, as the small responses likely are physiological
noise, andcould beincorrectly attributd to unrelated events. If the skin conductance

response is less than 0.05 uS, | do not include it in my interpretation at all
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Figure3.8 Too small of responses may be artifacts.
Here skin conductance is measufieam thearchof the left and right foot. Therangepeak
notedshows changes that likely came from movenaasnidentified by ta video.

| tend to rank the responses by amplitude. | then pick a threshold and analyze skin
conductance responses above that threshold. One way of determining a threshold is to only
look at the top 20 skin conductance responses, as time for analysistéebhd the most
limiting factor.Keep in mind that some of the top responses can come fromnferggment

artifacts soresearcherwill need to extentheirlist of analysisbeyondthe initial responses.

Here i s one womanos s kicalnrconced.slaarche aserncthered u r i

are momats with much larger responses.
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only analyzing the highest responses, we reduce the amount of time needed to analyze, and
reduce the probability of measuring a repecific response, and increabke likelihood of
observing a highly salient eveniMany of these high responses can be due to large

movements, so a larger sample size of responses may be needed.
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Figure3.10 Plot of the amplitude of skiconductance responses.
The box shows a theoretical filter that only analyzethargest responses.

While preselection logically makes sense, as a designer, | often find niggalhgin
to important points more closely as well. For example, the embiason quits building
Technic and asks his mother if he can do something else is a critical moment from an

experience standpd. | scrutinizeall of the responses, large and small, around the time
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Masonquits, in order to determine what might have beemtionally provocative at that
moment. InterestinglyiMasord s dkia sohductanceesponse before he quitas when he
was looking for & EGO piece.
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Figure 3.12 Only looking at the responses that occurred right belMason quit helps
emphasize the searadgiresponse.
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3.6.5ldentifying Possible Causal Elements of a Skin Conductance Response

In order to analyze a skin conductance response, | play the video 7 to 10 seconds before
the responsdJnderstanding the context is important, scegearcherdo not rememér this
section of the videathey may want to go back a few minutes and watch events unfold, to
better orienthemselveso the momentl note all thepossible changes that ocduib seconds
before the response (we start at 10 to be able talsmegesoccur). Actions that started
outsideof those5 seconds or after the response occurred were not likely the cause of the
response. This method reduces the number of possibée<ad a response dramatically.

Typically I only see one or two things occur be&farskin conductance response.

The first step is to rule out movement artifacts, as these responses can be otherwise
misleading. Many of the respongesearchersncounter will not be due salient eventand
it is imperative to account for these altéiveresponses. When watching, determine if any
physical movement occurred. Do we see the
hard, breathing hard, etc.? Below is a list of activities | have seen that can create large skin

conductance responses:
Walking
Leaning In
Shifting body posture
Lying or Sitting Down
Standing Up
Moving arms or hands
Tensing muscles
Increasing or decreasing pressure on electrodes
Lifting an item
Breathing hard
Talking

These activities occuegularlyin dayto-day interaction. If a response occurs while an
individual is doing any of these thinggsearchersannd assume the response is due to a
salient eventlone This is especially true if the physical movement occurred right before the

skin conductance response. Howevesearchersannot conclude that psychological arousal
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