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Abstract 

 Over the course of six years, I brought ambulatory psychophysiology into a 

variety of industries as a means of conducting design research. I 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 confidence of shopping at Best Buy and Lowes, the 

excitement of playing LEGO Technic for the first time, the tension of watching oneôs first 

symphony, and the anxiety of talking about birth control. Working with stake holders within 

these settings I developed ñThick Psychophysiology,ò defined by four characteristics: 1. 

Psychophysiological data is quantitatively measured, 2. The research answers explorative, 

open ended questions, 3. The research measures external context, and 4. The research 

measures internal context. By combining ethnographic methods with psychophysiology, 

researchers can address the challenges of specificity that ambulatory, explorative research 

produces. Two case studies of preliminary design research are provided about the LEGO 

Group and the New World Symphony, showcasing how thick psychophysiology can help 

uncover customerôs unarticulated needs. 

 Once needs are uncovered, the challenge is how to motivate an organization to 

address those needs. Traditionally, designers use storytelling as a way to communicate 

research findings in regards to user experience, which in some cases can be ineffective in 

creating the needed motivation. The method developed in this thesis contains components 

designed to help influence organizational change. To test the effect psychophysiological data 

can have on organizational change, I delivered a survey testing four ways (conditions) of 

presenting findings: Storytelling (the most common method used by companies such as 

IDEO), Video-based (adding video to the story), and two conditions using Video and 

psychophysiology, varying how the physiological insights were presented (narrow vs. broad). 

Participants in the broad condition were told the skin conductance could mean a variety of 

things including moving, breathing hard, being stressed, or being excited. We analyzed the 

results of 143 LEGO employees. Participants in the broad skin conductance condition had a 

47% chance of increasing the priority of the proposed initiative, whereas only 9% of 

participants in the storytelling condition increased the priority of that 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 that broad skin 

conductance initiative (75%). These results suggest that, when compared to storytelling, 

presenting psychophysiological data can be a more effective way to communicate customer 

experience. 
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Chapter 1: Introdu ction 

1.1 SCENARIO 

Occupational therapists at 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., 2010), we measured 

childrenôs skin conductance as they participated in 70 hours of therapy (Hedman et al., 2012). 

Lab research suggests that changes in skin conductance can occur when a person is stressed, 

excited, frustrated, thinking hard, breathing hard, or moving hard (Boucsein et al., 2007). One 

particular interest of therapists was a childôs arousal. People with low arousal are described as 

calm or relaxed, and people with high arousal  may have intense anger, stress, or excitement. 

Researchers describe skin conductance as being only innervated by the sympathetic nervous 

system, allowing scientists to measure sympathetic nervous system arousal with skin 

conductance (Critchley, 2002b).  

Unlike traditional psychophysiological studies, we did not know how skin conductance 

or a childôs arousal would change in a natural therapy. Take for example Karaôs1 

psychophysiological response during one therapy session. 

 
Figure 1.1 Karaôs skin conductance without context is difficult to interpret. 

 

                                                 

 
1 Names used in this dissertation are pseudonyms. 
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Multiple large skin conductance responses occurred during minute 30 to 40, but why? 

Was Kara anxious? Was she excited? Or perhaps she was moving around? And even if we 

conclude this is an emotional response, a secondary question becomes what event caused the 

response? What occurred during therapy that created such a large response for Kara? With 

only the skin conductance data, we cannot infer much from Karaôs reaction. 

Data scientists often suggest measuring additional input in order to find correlations 

between events. For example, I labeled the activities that Kara participated in across time. 

 
Figure 1.2 By labeling activities, the response becomes clearer. 

 

With this new environmental information, one can tell responses occurred after warm 

up activities and at the start of Active Listening. Perhaps beginning Active Listening is 

arousing? But this label fails to describe why a response occurred. Was the child excited or 

stressed or was this response due to movement? If anxious, what exactly was the child 

anxious about?  

In addition to formal activity metrics, I learned what was occurring during this therapy 

session, in large part, by accident. When I signed Kara up for the study, I talked to the parents 

and therapist about Kara ï she had Autism Spectrum Disorder and could only speak in one to 

three word phrases. While Kara was participating in therapy, I watched the sessions from the 

corner of the room in order to collect the data and videotape the sessions (we needed a way to 

reference when activities occurred). 

From the video and watching the therapy live, I knew the session was early in the 

morning. Both Kara and I were groggy from waking up so early. The therapist was trying to 
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arouse Kara, so that she could be more active in the therapy. Kara played in a ball pit, jumped 

on a trampoline, and crawled through a tunnel, with her skin conductance level not changing 

significantly. Throughout this time, Kara repeatedly said, ñWagon. Wagon.ò When the warm 

up activities finished, Kara rode in a green wagon to Active Listening. While Kara was sitting 

in this wagon, her skin conductance increased. Karaôs skin conductance continued to climb as 

she put on headphones to hear her own voice. 

Later, I informally showed the therapist Karaôs skin conductance with video, out of 

curiosity. She pointed out the importance of the wagon 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 increase that arousal. The therapist joked that Active Listening probably 

increased Karaôs arousal too much. The therapist told me how Active Listening probably 

overwhelmed Kara, and having her calmer at the end would have been better. Considering the 

observations, the therapists report, and background history together, I conclude that Karaôs 

large skin conductance was likely due to her excitement of riding in a wagon, the reaction to 

a transition between environments, and the anxiety of having to do Active Listening. 

In essence, during the occupational therapy study, I was learning how to do 

observational research in order to make meaning out of the real-world data I was collecting. I 

was not the first person to do observational methods. A year later, I learned how 

anthropologists and sociologists conducted detailed, rich observations to learn about emotion. 

Take Briggsôs study of emotions with an Eskimo tribe as an example. 

1.2 THICK PSYCHOPHYSIOLO GY DEFINED 

Briggs lived as an adopted daughter in an igloo for 7 months (1970). In a northern bay 

of Canada, she interviewed the Utku about their emotions and also observed the tribeôs 

behavior during emotional events. The Utku experienced anger much differently than Briggs; 

few outbursts of anger ever occurred. Briggs describes a daughter of the family, Raigili, 

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

 

ñAs before, Ragili had it [a plastic bag] and Saarak wanted it. This time Inuttiaq 

intervened. ñGive it to Saarak,ò he said quietly. Raigili sat immobile with lowered head, 

while Inuttiaq waited. ñGive it to Saarak,ò Inuttiaq repeated in the same still voice. 

Raigli sat, frozen.ò 
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Raigliôs behavior of shutting off in times of distress was the norm for her and the other 

children of the village. By living in a village, interviewing group members, and watching 

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

My first question, reading Briggsôs account, was how did Raigli physiologically 

respond to these moments of stress? While behaviorally freezing, did her sympathetic 

nervous system continue to activate? Did shutting down help her decrease her physiological 

arousal? While Briggs was able to describe the outward behavior of the Utku tribe, as a 

psychophysiologist, I wanted to know how the tribeôs psychophysiological responses differed 

as well. 

ñWhen the distressful events occur to the Utku, how do they physiologically respond?ò 

is an open-ended, exploratory question (Babbie, 2013). When Briggs spent 7 months with the 

Eskimos, she did not have a pre-established hypothesis that Eskimos would behave 

differently with anger. She learned about Utku anger through thoughtful, ambulatory 

observations and grounded theory (Glaser & Strauss, 2009). Exploratory questions can help 

researchers understand how people physiologically react in day-to-day life. When do 

psychophysiological responses occur? How do psychophysiology and behavior relate? What 

methods do people use to regulate or change their psychophysiology? These questions would 

be particularly hard to test in a laboratory, requiring observations about real-world responses. 

Design researchers use exploratory questions as a base of study. Very seldom is there a 

pre-defined hypothesis to test in 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 exploratory questions are referred to as 

ñdiagnosticò in the advertising world (LaBarbera & Tucciarone, 1995). Rather than 

categorize an ad as good or bad, exploratory questions help describe what is or is not working 

with an ad. Take for example a study on shopperôs skin conductance at an Austrian grocery 

store. Groeppel-Klein had participants shop in a pre-designated well-designed grocery store, 

and a poorly-designed grocery store and noted the difference in skin conductance response 

count (2005). As a designer, I have less interest in validating whether a store is designed well, 

and I would rather research what works well and does not work well in a space. In design 

terminology, I am interested in ñcustomer pain pointsò or the ñcustomer journey." 

Exploratory questions in grocery shopping might be, ñWhen are shoppers stressed or 

excited?ò or ñHow could we change the emotional response to change shopping behavior?ò 
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As discussed in Chapter 2, the more exploratory a psychophysiological study is, the 

more challenging inference becomes. In particular, physiological signals often lose 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 angry, then any recorded physiological differences between controls are likely due to 

the anger stimuli (see Wilhelm, 2010 for a counter-argument for why a controlled experiment 

could be a poor measurement of anger). Whereas, if Regili showed a skin conductance 

response while sulking in the corner, what could be inferred? Are the skin conductance 

responses due to anger? Did she change her body position? Is she breathing hard? Is she 

excited? The list of possible reasons for a response continues indefinitely. The internal and 

external context of a physiological response is essential to infer the meaning of a response in 

ambulatory settings. 

As anthropologists and sociologists use exploratory, ambulatory 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 description (1973). He asks 

how a researcher determines if a wink is a physical reaction or conspiratorial in nature, 

concluding the researcher must understand the context. A researcher must not just explain the 

behavior but the context of the behavior as well. Briggs knew that the tears from Regili were 

due to sadness ð not from a harsh snow storm and not from happiness ð because she saw 

Regili lose her toy bag and her father discipline her. Similarly, exploratory 

psychophysiological questions need thick description. I needed contextual understanding to 

know that the wagon was important to Kara and was a likely contributor to Karaôs 

physiological response. 

In Chapter 3, I describe how to make inferences from exploratory research with a 

method I title ñThick Psychophysiology.ò Thick psychophysiology uses observational 

methods and interviews to gain the thick description of an ambulatory, psychophysiological 

event. Thick psychophysiology has four defining characteristics: 

1. Quantitatively measures a physiological aspect of an individual. 

2. Answers an exploratory, ambulatory question. 

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

occurring? 



 

20 

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

physiological response? 

In Karaôs therapy example, the external context includes information like: the therapy 

session was early in the morning, the child mentioned ñwagonò multiple times, and the child 

had to listen to her own voice. The internal context describes the childôs emotional reaction ï 

the therapist reported that the child seemed tired and unresponsive in the morning and 

appeared overwhelmed and resistive at the end. Karaôs experience is one example of thick 

psychophysiology, with the remainder of the dissertation demonstrating the need and 

execution of the method in more detail. 

1.3 CONTRIBUTIONS  

Over the course of my Ph.D. work, I: 

1. Addressed explorative, empathic design questions with psychophysiology. I 

have measured psychophysiological data from people having diverse 

experiences such as audience members at symphony concerts, drivers in self-

driving cars, mothers playing board games, and shoppers choosing new 

products. In these settings, stakeholders wanted me to help them better 

understand their customers with psychophysiology as a lens. 

2. Combined ethnographic and psychophysiological methods together to allow for 

specificity in ambulatory settings. In these explorative studies, I often ran the 

risk of low specificity as people could have had a large range of emotional, 

cognitive, and physical responses to the open situations tested. Observational 

methods helped me to identify possible reasons for skin conductance responses 

and artifacts. I leaned heavily on unstructured, long interviews to help me 

understand how customers interpreted their reactions. Ethnographic methods 

helped me understand the context, influence, and internal state of participants, 

which made inference of explorative psychophysiology feasible. 

3. Demonstrated how psychophysiology can be an effective way for design 

researchers to share knowledge across an organization. From a survey with 143 

LEGO Employees, skin conductance was a more effective way to share 

knowledge about customer experience when compared to traditional story 

telling.  
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By answering design questions with a variety of industries, I helped establish thick 

psychophysiology as a way to conduct explorative psychophysiology. Interviews, 

observations, and grounded theory, helped color in the context of psychophysiology and 

allowed me, as a design researcher, to better understand customer experience. 

1.4 OVERVIEW  

This dissertation reflects the split in my own interest: rigorous science and applied 

interventions. 

Chapter 2 describes the specificity problem: a physiological response can mean many 

different things, Specificity challenges are inherent in ambulatory studies where stimuli and 

environment are uncontrolled. This need for specificity underlines the necessity and 

usefulness of thick psychophysiology in exploratory research. In addition to outlining the 

specificity problem, I review other possible methods for improving specificity in ambulatory 

settings. 

Chapter 3 provides a detailed summary of how I conduct thick psychophysiology. This 

chapter outlines a variety of challenges with interpreting ambulatory data. 

Chapters 4 and 5 show results from two studies done with thick psychophysiology. I 

describe the findings and their importance from two case study projects working with the 

New World Symphony and the LEGO Group®. I write these case studies in an accessible 

way that everyday employees can understand. I then describe how the data was analyzed and 

findings were inferred in an additional section. 

Chapter 6 describes a survey of 143 LEGO employees who were asked about a new 

initiative. We demonstrate how video with skin conductance can help increase employeeôs 

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 conductance. We also discuss the impact of describing skin conductance in an open-

ended manner compared to a simplified explanation. 
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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 measurements have become a feasible tool to measure changes in 

psychophysiology (Fahrenberg, 2006) along with other responses or features of a person in 

daily life. A personôs cardiovascular activity, respiration, EMG, or skin conductance can be 

measured outside the laboratory, 24-hours a day. These measurements can help determine 

whether lab findings extend to peopleôs everyday lives and are externally valid. In addition, 

they can help reveal some phenomena that may be difficult if not impossible to observe in a 

laboratory. While ambulatory methods can provide new ways of understanding physiological 

responses, this technology also brings new challenges: now the ñexperimental settingsò are 

no longer fully-planned or well-controlled. Ambulatory methods can have low specificity, 

meaning that we may be unable to determine what factor(s) resulted in a specific 

physiological response. In the second part of this paper, we discuss what we will call the 

ñspecificity problemò in ambulatory physiological 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 momentary assessments or experience sampling), and measurement of other 

aspects of the person or environment (e.g., posture or ambient temperature); however, we will 

focus here on ambulatory physiological methods used to address research questions about the 

psychological 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 change2. Most 

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 real-world 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 settings (2010). 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 contrived; subjects must sit still and are placed in an 

unfamiliar context. Participants may recognize the situation as not real, compromising their 

reactions. 

Whether or not lab results generalize to real world settings is typically unknown. For 

example, patientsô measured-in-clinic blood pressure and heart rate can differ from typical 

every-day cardiovascular output. Some patients show ñwhite-coat hypertension,ò in which 

their blood pressure is elevated, likely due to the anxiety of a medical exam (Kamarck et al., 

2003). Other patientsô blood pressures go down during a medical exam, known as masked 

hypertension. While a patient may actually have hypertension in day-to-day life, the medical 

setting can prevent doctors from observing that patientôs everyday blood pressure. In these 

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

2007). In both examples, monitoring ambulatory blood pressure across an entire day provides 

a better indicator of hypertension (Mallion et al., 1999). As another example, laboratory 

research suggests a relationship between panic disorders and a reduced respiratory rate 

(Wilhelm et al., 2001); however, Pfaltz and colleagues (2009) found respiratory rate did not 

statistically differ between people with panic disorders and controls in real world settings. 

Differing results between laboratory and ambulatory research have also been shown with 

cardiovascular responses (Kamarck et al., 2003; van Doornen et al., 2009). 

Many day-to-day phenomena are difficult, if 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 fixed stimuli. Looking at a picture of a rollercoaster is a different sensation 

from riding a rollercoaster. In an attempt to compare lab and real-world physiological stress 

responses, (Wilhelm & Grossman, 2010) measured a womanôs heart rate across an entire day, 

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 reaction time task, and a math task. A small (5-10 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 subconscious, 

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 specificity, making 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 make strong inferences, scientists must be able to map exactly one psychological response 

to exactly one physiological response (one to one) (Cacioppo & Tassinary, 1990). For 

example, many events can increase electrodermal activity, but for an ideal interpretation, skin 

conductance responses will increase with only one psychological response (Figure 2.1). 

 
Figure 2.1 Skin conductance responses occur for a variety of reasons. For inference, a one to 

one relationship is needed. Adapted from Cacioppo and Tassinary (1990). 

 

If researchers fail to create a one to one relationship (high specificity), then conclusions 

are limited. In our simplified example, a skin conductance response may occur because of 

physical movement, mental effort, or an anxiety response. This lack of specificity makes 

linking the skin conductance response to a specific psychological trait difficult. Both 

laboratory and ambulatory studies need to account for specificity, but ambulatory research 

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

As an ambulatory example, Springer and colleagues (1989) attempted to measure the 

mental workload of 33 students while working with computer aided design software (CAD) 
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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. The authors noted how skin resistance could 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 reduce mental workload 

cannot be determined from skin conductance alone. The researchers emphasized other 

research measures because of this specificity problem. 

 As another, more complex example, data of cortisol fluctuations in day-to-day 

settings can be difficult to interpret. Laboratory results have suggested that cortisol is 

elevated when an individual is stressed (Pollard, 1995). However, a review of field studies 

demonstrated cortisol might have a positive, negative, or no correlation effect with self-

reported stress levels at work (Hjortskov 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. Adam and Gunnar (2001) 

observed a correlation between hours worked and cortisol levels for mothers. The authors 

questioned whether the correlation between cortisol levels and work hours was due to the 

work environment or the 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 experiments also have specificity challenges (Cacioppo & Tassinary, 

1990), albeit more easily controllable. Researchers follow a multitude of rules when 

conducting psychophysiological experiments. For electrodermal activity, subjects cannot 

move their body, posture, hands, or fingers, nor do any other physical work3. Participants are 

asked to breathe regularly without talking. Any external stimuli needs to be removed from the 

setting: no noises, no talking, no food, and no surprise appearances. The environment needs 

to be standardized as well: no changes in lighting, temperature, humidity, or other 

environmental factors. Any additional stimuli or environmental changes could result in a 

change in skin conductance response, making the cause of the skin conductance response 

unknown. Controlling for these responses inside a lab is relatively easy: have all subjects 

come to the same laboratory where external stimuli are blocked out. Instructing participants 

                                                 

 
3 Though some studies allow for a small amount of manual activity such as pushing a button or using a mouse. 



 

26 

not to move, to talk, or to breathe hard eliminates most behavioral factors. Experiments can 

be videotaped in case participants do move or talk, so the faulty data can be removed.  

 Laboratories control for psychological changes as well.4 Electrodermal activity can 

increase 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 anxiety, with participants 

being asked about their anxiety afterwards (Kirschbaum et al., 1993). Lang and colleagues 

tested the difference between positive and negative images; they showed carefully selected 

photos that viewers previously rated as positive or negative. Immediately after viewing the 

images, subjects self-reported their affective state (Lang et al., 1993). Thus, to verify the 

elicited mental state, researchers rely on self-reports and normatively rated stimuli. 

Many times, ambulatory measurements do not have the benefit of controlled settings 

and lack control over some factors that may have an influence: participants will move around, 

vary their environments, and be exposed to a multitude of stimuli that are not well-defined. 

These uncontrolled settings can leave a researcher in the dark for why a change may have 

occurred. In ambulatory measurements self-report data is often absent and stimuli are novel 

and unique, making inference difficult. 

Although ambulatory research can have low specificity, there are ways in which 

researchers can either create the needed one to one relationship or infer results without 

specificity. In the next sections we suggest a variety of ways in which ambulatory 

measurements can increase the likelihood of making a strong psychophysiological inference, 

i.e., reduce the ñspecificity problemò. 

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

As an example, we focus on one project we have been working on: measuring the 

attention and engagement of participants as they attend a classical concert. We measured the 

electrodermal activity of 40 participants from their middle phalanx as they viewed a classical 

concert at the New World Symphony. Afterwards, we conducted 1 to 2 hour-long 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 individuals can interpret stimuli differently. So while laboratory experiments 

provide more constrained stimuli, psychological responses can still vary. 
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presented ï ringing phones, clapping hands, talking, posture changes, and more. However, we 

were able to show a strong emotional response in anticipation of and listening to Romeo and 

Juliette (Hedman et al. 2013). Below is Anitaôs skin conductance response to this concert. 

 
Figure 2.2 Anitaôs skin conductance changes across a classical concert, but how can 

researchers interpret these responses? 

 

While the majority of analysis will focus on Anitaôs complex response, we also 

measured three other peopleôs responses during these sessions as well. Below all four 

peopleôs responses are graphed simultaneously. 

 

Figure 2.3 Four peopleôs skin conductance responses to the Romeo and Juliette Concert. 

Anitaôs response is the yellow one. 

 

Some of Anitaôs skin conductance responses occur at times when other participants do 

not respond. At other times, all four participants respond near the same time, like the large 

response to a transition around minute 18. 
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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 measure and account for additional factors. We detail a list of common 

factors and discuss ways of accounting for their influence in ambulatory settings.  

2.4.1 Physical Influences 

Micro-Movements 

When participants touch or accidently adjust electrodes or the measuring device, data 

can be altered in large ways. For example, an extra response from a touched electrode can 

have large effects on calculated heart rate and heart rate variability (Stuiver & Mulder, 2009). 

When participants put pressure on the electrodes or the tape becomes loose, we will see large 

responses and drops in signals that could appear as an additional skin conductance response. 

Many electrodes do not take much effort to manipulate. For electrodes on fingers, 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 becomes loose, a rapid decrease occurs, which does not happen 

naturally (see 3.10.3 for example of artifacts). Alternatively, researchers could use force 

sensors (Lee & Nicholls, 1999) to measure the current pressure applied to the electrodes. If 

participants are videotaped, movement where the electrode is placed could be a marker for 

artifacts as well. We measured skin conductance on the left and right side of the body 

simultaneously and removed data that occurred on only one side, as these changes may be 

due to micro movements (Hedman, 2010). However, this solution may be ill-suited if 

differences could naturally occur between locations. For example, skin conductance has been 

found to be under ipsilateral control by several subcortical regions (Mangina & Beuzeron-

Mangina, 1996). Picard et al. (In Press) observed asymmetrical differences in skin 

conductance in both controlled experiments and day-to-day activities, so some psychological 

effects could be missed by only considering moments where the two sides concur. In the 

future, new ways may be developed to secure sensors (Debener et al., 2012), but these 

methods should be tested as even a taped down electrode can slip with enough participant 

movement.  
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Metabolism and Movement 

 Changes in metabolism can have a large effect on physiological signals, much larger 

than corresponding psychological states (Blix et al., 1974). When an individual lifts a hand or 

a foot, there can be large skin conductance responses. Exercise like moving up a hill or stairs 

can produce physiological changes as well. In our symphony work, transitions between songs 

corresponded with large responses in skin conductance. These musical transitions also 

included clapping that can create skin conductance response as well. In our initial trials, we 

had to ignore transitions between songs because of this movement. In later sessions we asked 

participants to refrain from clapping and still saw large responses during transitions ï 

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 calibrated band across the torso and abdomen 

(Wilhelm & Roth, 1996). As sensors have become smaller, movement and corresponding 

metabolism have been measured with accelerometers (Myrtek, 2004; Poh et al., 2010). 

During treadmill activities, accelerometers strongly correlate with oxygen uptake (the Tritrac-

R3D had a correlation of 0.93); however, these correlations are substantially decreased in 

other lifestyle activities. For example, the Tritrac-R3D 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 move their arm from an armrest to a knee we have 

observed changes in skin conductance. These movements are not likely to have a large effect 

on metabolism but can sometimes produce large skin conductance responses. Researchers 

could put accelerometers on study participantsô hands, but would then need to put 

corresponding sensors on feet, heads, and other places where twitches could occur. In our 

work, we rely on video tape to remove these physically induced responses. During dynamic 

interactions ï someone talking with their hands, trying out retail products, writing a paper ï 

these movements can become too numerous to account for. Additionally, one can conduct 

hard work or muscle movement without much visible movement ï imagine an individual 

clenching a fist or carrying a heavy backpack.  

Posture 

Like movement influences, changes in posture can also have a large effect on 

physiological signals as well (Pomeranz et al., 1985). When participants at the symphony 
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would shift 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 network of accelerometers can help determine body 

position as well, taking advantage of gravityôs natural effect on accelerometers (Foerster & 

Fahrenberg, 2000). However, determining position based on accelerometer data becomes 

more difficult as an individual begins to actively move (Hansson et al., 2001). 

Breathing, Yawning, Sneezing, and Talking 

Taking deep breaths can also change a physiological signal (Hirsch & Bishop, 1981). 

One of the ways to produce a reliable skin conductance response is to have participants 

breath hard or blow up a balloon (Lykken & Venables, 1971). Effects like coughing, yawning 

(Greco & Baenninger, 1991), and sneezing (James & Daly, 1969) can affect physiological 

responses as well. A simple way of detecting changes in breathing is with a chest strap and 

removing data that co-occurs with abnormal breathing patterns (Bearden & Moffatt, 2001). 

 The process of talking can be an emotional experience and is often a subject of study; 

speech has been shown to affect psychophysiology (Spitzer et al., 1992; Westenberg et al., 

2009). Talk in itself alters breathing, which in turn can affect physiological signals, making 

interpretation more difficult. One solution for measuring psychophysiology during speech is 

to only compare times when subjects are talking at similar volumes and rates.  

Summary for Movement 

 Physical changes in the body can have a large effect on a personôs physiological state. 

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 interpretation. For our symphony work, we 

saw large increases in skin conductance during intermissions 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 the concert, 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 influences. 

2.4.2 External Influences 

A laboratory setting is a relatively constant environment with the main 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 constantly responding to these changes. In this section, we 

describe ways of accounting for environmental fluctuations.  

Temperature/Humidity 

Change of location or time can introduce changes in temperature and humidity. These 

changes can affect physiological responses, in particular skin conductance (Waters 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 measure temperature and humidity 

(Fletcher et al., 2010; Meng et al., 2004; Meng et al., 2004). 

Time of Day 

Physiological responses can change diurnally (Hot et al., 1999; Yamasaki et al., 1996). 

Most sensors today have a clock function, and studies should account for time of day. Ideally, 

timing is recorded in relation to circadian cycle as well, since many physiological processes 

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 misinterpretation. For example, during some of our symphony 

views, a large group of people came in late, clacking their heels. Afterwards, participants 

reported feeling annoyance toward these guests. The skin responses during this heel clacking 

could occur for two different reasons. First, a new sound was heard, likely creating an 

orienting response to novelty (Lynn, 1966). Second, the users reported frustration, which can 

also change skin conductance (Scheirer et al., 2002). If 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 constantly. Some of 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 listenerôs attention, reading a program, falling asleep, and noticing a nearby person 

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 variables and suggest methods that may take some of them into 

account (2010). 
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To ñsenseò all contextual influences would be a substantial undertaking. One could 

imagine a detector on the mouth to detect drink items, touch sensors covering the body in 

case of bodily touch, a microphone to detect any audio conversation, etc., but these 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 some of these stimuli, but not 

all of them. 

2.4.3 Psychological Influences 

While most ambulatory physiological measurements aim to be a marker of a 

psychological state, determining what psychological state was produced can be difficult as 

physiological responses can occur from a variety of mental states.  

Drifting Mind/Day Dreaming 

During the concert, some people reported that their minds drifted off. They began 

thinking about what was for dinner or what to do after the concert. These thoughts in 

themselves can be exciting, perhaps even more exciting than the concert, producing a skin 

conductance response. It may be the case that mind wandering is quite pervasive, occupying 

15-50% of participantôs time (Smallwood & Schooler, 2006). By looking at ocular motility, it 

may be possible to detect when an individual is daydreaming (Singer et al., 1971). 

Individuals could also report when they have a ñtask-irrelevant thoughtò by pushing a button 

(Antrobus et al., 1967), though the accuracy of correctly reporting daydreaming should be 

studied more. 

Mental Work 

When a person is presented with a difficult mental task, physiological 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 and understand the complex music? Mental 

workload could be detected externally with a survey or behavioural measurements. For 

example, we noted when the skin conductance of a child with Autism Spectrum Disorder 

rapidly increased as she planned how to climb on top of a swing (Hedman et al., 2012). We 

knew the process of motor planning for this child would be difficult, as the therapist had 

informed us. For the symphony example, we relied on self-reports, noting times when 

participants reported being 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 

positive and negative valence stimuli and for other mental states as well including disgust, 

fear, happiness, and sadness (Lang et al., 1993). When a subject responds to the Romeo and 

Juliette is she excited or stressed? We use self-report to evaluate these responses. 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 cover in the Measuring Unique Signals section. 

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 non-linear, and correctly subtracting or adding 

values to a signal is complicated and understudied. For example, increased metabolism 

corresponds with an increased heart rate.  

One way of accounting for physical movementôs affect is additional heart rate (Blix et 

al., 1974). Muscular workload during exercise is proportional to O2 consumption, so O2 

consumption can predict what an individualôs typical heart rate would be. The emotional 

component of heart rate (the additional part) can be calculated by subtracting this predicted 

heart rate (based on O2 consumption) from the current heart rate. This method requires a 

previous test (usually more than one) to document the relationship between the physiological 

signal and influential factor for each individual and assumes this relationship will remain 

constant across time. 

A more conservative method is to only compare data when factors are constant; for 

example, we can compare physiological measurements at times when other influential factors 

are the same. By comparing times when physical activity is similar, one can assume physical 

activity was not a major influence relative to other situations with the same extent of physical 

activity. 

A third option is to remove data from analysis when an additional factor is present. 

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 the right measurement epoch. In Anitaôs data, it takes four minutes for the 
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skin conductance level to return to pre-clapping 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 stimuli cuts out a large portion of data in our 

symphony work. 

Interaction of Factors 

Additional heart rate can help when movement is the only other variable of interest; 

however, when more than one factor influences an individual at the same time, interpretation 

becomes more complicated. In the additional heart rate example, the baseline relationship 

must remain constant across time, which may not be the case. For example, if an individual 

drinks a cup of coffee with caffeine, this may change their heart rate afterwards (Green & 

Jordan, 2002). The relationship between oxygen intake and heart rate may change because of 

the caffeine, and this change may not be linear. The interaction effects between variables are 

complex and laborious to model especially 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 response for a one to one 

mapping. This section was intended to help orient ambulatory 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 able to infer without 

specificity. 

2.5 COMPARE GROUPS OR USE A CONTROL GROUP 

Laboratory research controls 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 equally. For example, Adam and Gunnar (2001) compared 

cortisol levels between mothers who worked long hours vs. a shorter number of hours. Some 

factors, such as food eaten, amount of exercise, and time outside likely did not significantly 

differ across groups and therefore were probably not a cause for observed cortisol 

differences. However, the authors still needed to account for any additional variables that 

could be influenced by work hours, like wake-up time and relationship status. The list of 

influential factors that may be the real cause for differences (third variables) with ambulatory 

measurements ï different groups may be engaging in differing physical activities, exposed to 

different environmental influences, and experiencing different psychological states. 
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2.6 MEASURE UNIQUE RESPONSES 

Finding a one to one mapping of a skin conductance response to a psychological 

response is most likely impossible. However, rather than mapping basic physiological 

responses, researchers can look at more complicated relationships between different signals 

and time. Cacioppo and Tassinary give the simplified example of differentiating between 

orienting, startle, and defensive responses from individuals (1990). All three responses 

produce a skin conductance; however, heart rate only increases during startle and defensive 

responses. The heart rate responses between defensive and startle responses also differ, with 

heart rate rising and peaking much later with defensive responses (Lynn, 1966; Turpin, 

1986). By analyzing skin conductance and heart rate responses across time, researchers can 

differentiate the three responses. By combining signals together and looking at their patterns 

over time, we could find unique responses that only occur during specific psychological 

responses. 

Some researchers are using modern pattern recognition procedures to classify 

psychological states from multiple physiological signals (Christie & Friedman, 2004; 

Kolodyazhniy et al., 2011; Kreibig et al., 2007; Stephens et al., 2010). However, these 

multivariate methods are often done with only one controlled stimulus like a predetermined 

movie or music, and future work will be needed to determine if these effects are consistent 

across environments, which would be essential for ambulatory studies. (Quigley & Barrett, 

2014). In one ambulatory, neurological study, Poh et al. identified times when children were 

having a seizure based off of a combination of accelerometer data from the wrist with skin 

conductance data (2012). By analyzing complex interactions across signals, it may be 

possible to identify unique responses that have a one to one mapping with a psychological 

state. 

2.6.1 Filter Signals 

Similar to finding unique responses, researchers can 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 filtered responses to only those that were in the top 10% of increases in 

amplitude (Hedman et al., 2012). Small changes that may have occurred because of small 

movement shifts, novel stimuli, or for a non-specific reason were ignored. We were left only 

with points where a more influential event occurred. These filters do not create a one to one 
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mapping on their own; however, the largest skin conductance responses we observed in the 

symphony study occurred during movement at the intermission and ending, which would still 

need to be accounted for. Filtering out signals will require more research on what range of 

values psychological changes can alter a physiological signal, and what range of values other 

factors can also alter that signal. It 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 reasons (many to one). 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 as well (assuming 

no measurement issues are present and the subject is not stabile). An absence of response can 

be interpreted as an absence of stimulus, bypassing the ñspecificity problemò (Cacioppo & 

Tassinary, 1990). Researchers in marketing have noted times during ads when participants do 

not physiologically react to an ad, suggesting those ads may not be as activating (Hazlett & 

Hazlett, 1999). In the symphony example, during a song performance from minute 24 to 27, 

no skin conductance responses occurred for Anita. Since the process of orienting can produce 

skin conductance responses, we conclude that she did not likely orient or emotionally respond 

to the plucking string, long pause, or crescendo in this section.  

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. 

Using a conditional probability paradigm, one can determine a relationship between variables 

by analyzing their covariance. For example, Myrtek (2004) 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 times. The probability of a 

person being in an emotional state when he has increased heart rate is compared to the 

probability of that participant reporting the emotional state during randomized times. A 

difference in probabilities would suggest that increased heart rate correlates with the 

measured emotional state. As another example, Cacioppo and colleagues (1988) measured 

studentsô EMG over the brow region while they spoke. Specific patterns of EMG 
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corresponded closely with the individualôs self-reported emotional state. With a conditional 

probability paradigm, researchers can make better inferences about the relationships between 

physiological changes and the accompanying psychological state. 

2.9 DO NOT ASSUME SPECIFICITY  

 In every 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 

specificity; the physiological responses could occur for a variety of reasons. Often times, 

bringing a physiological response to a one to one mapping is too limiting or impossible. 

However, ambulatory research can still be useful when the lack of specificity is 

acknowledged. 

 Fahrenberg (1996) suggested that ambulatory measurements were a compliment to 

laboratory experiments. Ambulatory research can confirm the external validity of laboratory 

results and also help researchers discover new psychophysiological relationships. These new 

discoveries can later be tested in laboratory settings where specificity is higher. In the 

symphony example, we noticed that Anitaôs skin conductance changed during transitions 

between pieces. Novel stimuli increasing skin conductance has been confirmed in laboratory 

settings multiple times ï novel stimuli create responses and this study showed this effect in 

an ambulatory setting. We also noticed Anita showed a large skin response to Romeo and 

Juliette, a song with which she was familiar. 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 measurements will become 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 that cannot be answered in controlled settings. However, 

ambulatory measurements must acknowledge the "specificity problem" or inferences may be 

incorrect. 

 Using multiple measurements is the go-to approach to account for influential factors, 

but measuring all of the possible additional factors can prove challenging and in some 

settings nearly impossible. Like 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. An individualôs psychological state and external influences like talking to a person or 

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 additional factors 

that influence psychophysiology and develop new ways to best account for these factors in 

analysis. 

 We also discussed other ways researchers can make conclusions without having a one 

to one mapping. A conditional probability paradigm can help establish relationships between 

psychological states and psychophysiological responses. Myrtek (2004) compared 

probabilities of emotional states during increased heart rate and randomized times. Cacioppo 

et al. (1988) showed correlations between emotional states and facial EMG responses. Future 

researchers can compare the probability of responses during changes in physiology or 

controlled times as a way of testing a relationship. 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 ambulatory research measure when 

responses occur, research about when responses do not occur may provide valuable learnings 

for questions where specificity is low. When participants in the symphony response did not 

produce skin conductance responses, we were able to conclude 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 inferences are 

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 interesting physiological responses that 

could be tested and refined further in more controlled settings. 

 This chapter is a beginning road map, a list of strategies we have personally used in 

interpreting the messy world of ambulatory methods. As the field grows, we look forward 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 methods, allowing researchers to test 

real-world reactions in meaningful contexts. With the right critical eye and methodological 
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forethought, ambulatory research can provide new insights and inferences helping to bring 

the every-day world to psychophysiology 
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Chapter 3: The Thick Psychophysiology 

Method 

3.1 BACKGROUND  

 In this chapter, I describe how to make inferences from exploratory research with a 

method I entitle ñThick Psychophysiology.ò Thick psychophysiology uses observational 

methods and interviews to gain a thick description of an event occurring in the real world. I 

define thick psychophysiology as having these four characteristics: 

1. Quantitatively measures a physiological aspect of an individual. 

2. Answers an exploratory, ambulatory question. 

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

occurring? 

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

physiological response? 

In Karaôs therapy example, the external context includes information like: the therapy 

session was early in the morning, the child mentioned ñwagonò multiple times, and the child 

had to listen to her own voice. The internal context describes the childôs emotional reaction ï 

the therapist reported that the child appeared overwhelmed or the child tried to take the 

headphones off, suggesting she may be frustrated.  

While thick psychophysiology 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 describe thick psychophysiologyôs contribution and inspiration. 

3.1.1 Traditional Ethnographic Met hods 

 Anthropological and sociological research is rich with observations and interviews 

about the nature of emotion. Rosaldo lived in the Philippines for two years and noted how the 

Llongot tribeôs feeling of shame differed from Western shame, and how that shame played a 

large role in young males while headhunting (1983). Hochschild attended a Delta Flight 

Stewardess training and interviewed numerous expert and training flight stewardesses to 



 

41 

understand how a flight stewardessôs emotional responses are commoditized ï ñservice with a 

smileò (2003). Katz videotaped French tourists for 8 hours as they interacted in a French, 

mirror fun house (2001). He analyzed frame by frame when people laughed and how others 

around them behaved. He noticed that visitors hardly ever laughed alone, and when they did, 

it was often to gain attention of colleagues. 

 A review of all the observational studies about emotions done from an 

anthropological or sociological perspective would be a feat in itself (e.g. Leavitt, 1996; C. 

Lutz & White, 1986; C. A. Lutz & Abu-Lughod, 1990), but one consistent pattern is that the 

research does not use psychophysiology. The few times sociologists and anthropologists have 

used physiological measurements, the research resembles laboratory experiments rather than 

exploratory research. For example, Cohen and colleagues (1996) studied how aggression 

occurs in southern United Statesô culture compared to students who grew up in the northern 

part of the country. A confederate in the hallway bumped into the participant and called the 

participant an asshole. Quickly after the pre-planned event, participantôs testosterone and 

cortisol levels were taken and differences 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, much like traditional 

psychophysiological laboratory experiments. 

3.1.2 Laboratory Settings in Ambulatory Setting 

In order to establish external validity or measure more ñreal worldò responses, the 

majority of ambulatory psychophysiological research tests specific hypotheses (for a 

collection of examples see Fahrenberg & Myrtek, 2001, Fahrenberg et al., 2007). Researchers 

have different groups of people participate in predetermined situations and note the 

differences in responses. Boucsein and colleagues measured NS-SCR reactions for 24 hours 

(2001). Half of the participants heard a neutral story while the other half heard a horror story 

right before they went to bed. After subjects heard horror stories, their NS-SCR frequency 

and NS-SCR amplitude increased. Wilhelm and Roth had two groups of participants, flight 

phobics and controls, all fly simultaneously on a plane (1998). He noticed that flight phobics 

had elevated skin conductance from the left hand palmer surface and increased additional 

heart rate. In this type of research, the main focus is to validate the tools as usable in 

ambulatory settings. The researchers even named their paper ñTaking the Laboratory to the 

Skies.ò This data could have been explored further. For example, the responses of the graph 
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show that phobics and controls both increased skin conductance during takeoff, but only 

controls appeared to increase their skin conductance during the landing. However, these type 

of exploratory questions are seldom discussed in ambulatory psychophysiological studies.  

3.1.3 Establishing Internal Context for Psychophysiology 

 When participants flew on the plane, Wilhelm and Roth asked participants three times 

how anxious and excited they were 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 take-off. Without this additional measurement, it would be unclear 

if elevated skin conductance was connected to a participantôs increased anxiety. Otherwise it 

may be due to their excitement, physical movement from turbulence, or other factors. 

 Psychophysiologists use interview questions as a way of gauging the internal context 

associated with an ambulatory physiological response. Thornton measured peopleôs self-

reported fear with a continuous response measurement dial and then showed the relationship 

between skin conductance and reported fear (2005). Kanning asked participants how they felt 

when movement was recorded (2012). Wilson measured the heart rate of pilots while flying 

and had them self-report their cognitive load as well (2001). 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 states (2004). Cacioppo and 

colleagues interviewed participants with questions that varied in intimacy. Subjects were 

videotaped and their EMG was recorded (1988). Afterwards, participants described how they 

felt throughout the session. The researchers selected points with a specific type of EMG 

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

 Typically these surveys are quantitative with precise questions, which can be non-

ideal for exploratory research. When developing thick description, ethnographic researchers 

tend to ask open-ended questions like ñHow did that make you feel?ò or ñWhat happened?ò 

listening to how people describe their own state. With a constructivistôs perspective, Daily 

asked children in a classroom to re-watch a video combined with skin conductance and 

describe what they believed the changes in skin conductance meant (2010). Mirza-babaei and 

colleagues noted times when skin conductance responses from left handed palmer surfaces 

occurred during video games, and then they interviewed participants about what happened at 

those times, noting times when game bugs occurred (2011). While Daily and Mirza-babaei 
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both used open-ended questions, both studies were more about describing and validating a 

new method and did not share insights from participantôs responses.  

3.1.4 Establishing External Context for Psychophysiology 

 Even in controlled settings, psychophysiological responses are often influenced by 

external stimuli. From tones, to arousing photos, to preparing to give a talk, 

psychophysiological studies tend to use a contrived external event, which is expected to elicit 

a physiological response. For ambulatory responses, this external context can become more 

difficult to identify and categorize. 

 Taking a small step from controlled studies, some ambulatory research breaks down a 

physiological response into different time segments, and compares responses across these 

segments. Dozier and Kubak conducted attachment interviews with participants while 

measuring their skin conductance. People who reported being more hypersensitive also had 

higher skin conductance levels when talking about being separated, threatened, and having 

changes in relationships (1992). Wilson had pilots conduct a series of flight maneuvers and 

noted the largest increase in heart rate occurred when pilots were in the bombing range and 

during takeoff (2001). Rather than having a closed hypothesis, e.g., does flying increase skin 

conductance, the researchers sought out the times that a physiological response occurs, e.g. 

when does flying create the highest skin conductance responses? 

 Researchers can also note when specific events occur as a way of describing external 

events. Ravaja and colleagues noted every time players made a kill, were critically wounded, 

or died while playing a James Bond video game (2008). Those responses were correlated to 

skin conductance responses and facial EMG. Sands and Sands measured EEG of shoppers in 

a grocery store. Participantsô responses differed 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, labeling these moments as 

positive and negative events and then noting how facial EMG differed between these events 

(2006). Healey and Picard (2005) had two researchers mark potential stressors of drivers by 

labelling when 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 responses in uncontrolled settings. 

When participants are all exposed 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 when participants smiled during ads 

(1999). Thornton measured electrodermal activity and self-reported fear as viewers watched 

ads about preventing car crashes. In one commercial, the largest skin conductance response 

occurred at the beginning when a pedestrian was hit by a vehicle. During a slow motion 

replay of the hit, the skin conductance response increased, but less dramatically. Daily and 

Picard noted which words participants were typing when physiological responses occurred in 

an electronic diary (2004). In these cases, researchers used changes in psychophysiology as a 

marker to highlight a consistent external event. 

 Researchers may also try to describe the situations around an event as well. For 

example, Kanning was studying how movement and affective state corresponded (2012). 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 environmental context. Anderson and Lawler measured systolic heart rate 

reactivity as participants recalled a time they were angry (1995). Type A women showed 

greater reactivity when they expressed frustration of autonomy needs, and Type B women 

showed more reactivity when expressing frustration of affiliation needs. The authors 

specifically conclude the essential need to consider the context of the interview in order to 

find differences in responses. 

 I was only able to identify two research projects where explorative, open-ended 

observational methods were used to describe the external context. In the first study, Mirza-

babaei had participants play a video game and recorded skin conductance from left handed 

palmer surfaces (2011). He then replayed parts of the video game where skin conductance 

response occurred and had participants describe what happened. For example, one player 

responded ñI was not sure if I could still drive my buggy or if it was broken. Iôve started 

driving it again, but was not sure if it was going to explode soon or not. Eventually, it did.ò 

Perhaps my favorite example of observational methods in psychophysiology was on accident. 

Zeier and colleagues wanted to test the heart rate responses of students when they 

participated in two tests and a lecture over three days (2001). However, the researchers were 

surprised when the largest increase in heart rate was not during these tests but at a time before 

hand. The researchers looked 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 days. He determined this difference was due to the 

students going out to a party to celebrate the end of the three-day 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 to produce helped him understand why a physiological 

difference may have occurred. 

3.1.5 The Vision 

When comparing Briggsôs description of Eskimoôs emotions to Zeierôs description of a 

three-day academic event, psychophysiologists have a long way to go to produce strong, 

thick description. The work I present will be an attempt to bring exploratory research and 

strong observational methods to psychophysiology. I imagine a world in the future where 

psychophysiologists, anthropologists, and sociologists team up to understand day-to-day 

interactions with a grounded theory perspective.  

 This chapter is a detailed description of how a researcher might conduct thick 

psychophysiology. While the method seems simple, there are many complex challenges and 

obstacles that can occur in the process. I attempt to highlight these challenges and also show 

how my method has worked. This method has been reiterated and built upon over the past six 

years by measuring over 100 peopleôs skin conductance and interviewing just as many. This 

method was used to help Loweôs and Best Buy improve their retail experience, the LEGO 

Group enter into the tablet space, IDEO solve various design problems, Hasbro learn about 

the stress of a new board game, and Google measure the emotional experience of the self-

driving car. I cite specific examples where I can. In particular, as the retail experiences 

contain confidential specifics, I give the hypothetical example of a person buying a blender to 

help illustrate the methodology. I hope you find these suggestions informative and 

inspirational. 

3.2 EXPERIENCE SETUP 

When I started researching emotions, I treated peopleôs responses like a typical circuit 

signal in an oscilloscope ï something that can be stimulated and then measured, environment 

independent. However, emotions are not tied to the product or service themselves, but to the 

interaction between the item of study and the internal and external context. A lost tourist 

trying to catch a train has a different experience with Google Maps than a couple looking for 

a place to dine on a romantic evening. A college student shopping for her first 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 participant being paid $200 to browse 

for a hypothetical, unneeded laptop. Psychophysiology allows researchers to precisely 
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measure moments of high arousal. However, that precision is wasted if the experience 

observed does not accurately portray the experience in question.  

In one hotel experience, Design Continuum built a hotel lobby out of foam board to get 

the feeling of the space (Bueno & Podolsky, 2010). This prototype worked well to develop a 

basic understanding for the layout and note how ideas would interact. If we were to measure 

the emotion of a subject pretending to be a guest in the foam board hotel, their experience 

would be wildly different than a real guestôs. A visitor arriving from a 6-hour flight likely 

may not pay attention 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 check in. Collecting skin 

conductance data in this foam board hotel would be rather fruitless, as the individual did not 

need to actually check into a hotel nor could she interact with the environment in a typical 

way. In order to test the experience of checking into the hotel, Design Continuum could set 

this prototype up next door to an actual hotel, and ask real guests to check into the 

prototyping space. We would then be able to observe a much closer guest experience. 

Early on, when I measured the skin conductance of children in occupational therapy, I 

was fortunately forced to observe real experiences. The therapist would not allow me to 

interfere with the therapy, fearing it might upset the parents or make the therapists less 

effective. I hid in a corner with my mini laptop and collected data and notes. By the end of 

some sessions, children forgot to take off their bands and forgot that I was present. The 

emotional experiences observed in therapy were real, which was ideal for understanding the 

role of therapy on childrenôs arousal. 

 In my second project, I did not value the real world experience enough. I was 

observing the emotional challenges of LEGO Serious Play, which was being redesigned for 

classrooms where 5 to 6 children would brainstorm ideas through building. The LEGO group 

wanted to know how to make this product more engaging. I set up a fake classroom in the 

MIT Media Lab. The room was surrounded with glass walls with a researcher standing in the 

corner taking notes. I recruited five individuals who knew little about each other, and 

instructed them to use LEGO Serious Play, without setting any expectations. In this 

makeshift setting, participants were anxious around one another. They treated LEGO 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 the children what to do. I learned the 

consequences, when 30 minutes into one study all the boys started building spaceships and 

attacking each otherôs models, disregarding the assigned task, which correspondingly created 
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many skin conductance responses. This mock classroom still provided insights, but I was 

unsure if the anxiety or boredom I measured would occur with LEGO Serious Play in an 

actual classroom. We were unable to measure the stress of a teacher with a tight deadline 

giving instructions to a classroom of 30 children. In order to observe the experience of LEGO 

Serious Play, I should have brought LEGO Serious Play to real classrooms. 

 For the next study, Hasbro wanted to understand peopleôs emotional experience 

playing a board game (Hedman, 2011). I planned on providing children Clue and then 

watching the families try to teach the game. As I began to design this research project, I was 

taking multiple ethnography classes. One of my professors, Dr. Graham Jones, challenged 

this approach. How does the childôs perspective change when told, ñHereôs a game, now play 

itò? The child is no longer ñplayingò a game but rather performing a task for his parents and 

an MIT researcher. Taking his advice, I carried a large duffle bag packed with 12 different 

board games, and let children choose any game they wanted. With this switch, children were 

able to dictate the course of play, much like a child asking to play a game after dinner. This 

alteration helped me discover a key insight: 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 section occurs, reading instructions, draining childrenôs enthusiasm. The 

head instruction designer still uses this insight in his talks (Goodfellow, 2012). 

 As I began to embrace this idea of creating real-world experiences, new challenges 

started appearing. When working with Best Buy and Loweôs, finding people who wanted to 

buy the products was essential. With Best Buy, my assistant stood at the front door and asked 

everyone who was coming in what they were looking for. If they said they were interested in 

the section we were studying, we asked if they would like to participate in the study. This 

method enabled us to observe real emotional states ï peopleôs confusion, need for special 

help, and meeting or not meeting specific expectations with which they had come into the 

store. However, this approach biased our participant pool to those who had time. Interviews 

were rushed as people did not have hours to spend on an unstructured interview. I remember 

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

 For shopping, one alternative is to recruit people via company friends or craigslist. 

With this method, people need to have the intention of buying the item you are observing. I 

recommend calling interested people and asking them to describe in detail why they want the 

products they mentioned. If they do not have interest, observing emotional responses 

becomes much more difficult. What is emotional about finding the right blender if 



 

48 

participants do not need one? With retail specifically, I would ask participants to buy an item 

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 people with the right type of experience. We wanted people who signed up for a concert, 

but we also most wanted people attending a concert for the first time, novice attendees. 

Consequently, few people attending were true novices, so we were unable to gather much 

data on the real emotional experience of a novice. The most helpful participant I measured 

was a friend of mine who had never been to a concert. A participant did not show, and I 

encouraged her to join the study. Her reactions were the strongest during transitions and 

when the emcee presented, the two spots we theorized new people would react to. However, 

having a mix of attendees was also valuable. We found some attendees expected and paid for 

a normal concert and were frustrated that the ñSymphony with a Splashò presented a shorter, 

more interrupted program. If we had only observed participants 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 second LEGO study, we were hoping to measure children as they played 

with a difficult LEGO Technic set. The LEGO Group told every child participant that people 

from LEGO headquarters were going to observe how they play with LEGO sets. Many of the 

children were overly excited on my arrival, running to the door to greet me and look at what 

LEGO gifts I might be carrying. 

 In order to reduce the excitement of the LEGO study, I spent considerable energy 

downplaying the LEGO headquarter aspect. I told the kids the project was a sensor study and 

I was only interested in seeing sensor data of them as they sat still. Children sat at the table 

bored for about a minute or two. A few children asked to play with computers, which I used 

as an opportunity to observe how children react to games compared to LEGO sets. For the 

children playing computer games, a few minutes in, I would let them know the computer did 

not work with our sensors, and they would have to put it away. Fortunately, I had some 

LEGO bricks in the back of my car, if they would like something to play with. With this 

approach, children opted in to 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, I would suggest that I had some tablet 

instructions that I forgot about, in case they might be interested. I needed the children to 
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believe the tablet was optional and not necessary. With this little tweak, I could see children 

behave in a more realistic way. One child turned off the tablet within 10 minutes because it 

was too frustrating to use. Other children opted to use the paper instructions from the 

beginning. Only after the interview, would I let children know of our intent to build a new 

app. Compare these more natural interactions to standard research. In a previous test ran at a 

local school with many participants simultaneously building, children reported the tablet was 

more fun than typical instructions, and no one turned off the tablet instructions. Different 

settings will influence participantsô 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 locations have a high concentration of sweat glands. When possible, I 

recommend to continue this method and measure skin conductance on the fingers, though I 

use the middle phalanx to keep the electrode more firmly placed. I have tried the palm, but 

have difficulty keeping it taped down when participants move their hands (which they do 

often). There are times when the middle phalanx is not optimal. If subjects will be moving 

their fingers, the electrodes are much more likely to become loose or show artifacts with 

changes in pressure. I have had problems measuring from the fingers when participants type 

on keyboards, write, play with toys, and grip a steering wheel. Additionally, children have 

tiny fingers, and the electrodes have been hard to keep on their fingers. With children, I 

moved the sensor from the fingers to the arch of the foot, another location with dense sweat 

gland distribution. If  people are walking or moving their feet substantially, I try to avoid the 

foot. 

When measuring people with special needs like Autism Spectrum Disorder and Sensory 

Processing Disorder, having sensors on the hands can prove too distracting for the individual. 

In these cases, I measured above the ankle (Hedman et al., 2012). While not ideal, the 

children were able to wear the sensor over multiple days. Overall, I recommend researchers 

try measuring from multiple sites in the beginning and chose the location that generates the 

least amount of noise while still having a strong enough signal. 
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3.4 OBSERVATIONS 

3.4.1 How to Observe 

 When I first started with the skin conductance sensors, I 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 recorded, I would start noticing events that were 

happening. ñOh, wow, there is a jump when that child is climbing a wall, thatôs interesting.ò 

Not thinking much of it, I excitedly presented the occupational therapy staff a graph of 

multiple sessions so far, with responses changing across time. ñLook, the childôs response is 

changing!ò 

 
Figure 3.1 Initial Interface for Measuring Children during Occupational Therapy. Orange and 

Purple are skin conductance responses from two different legs. 

 

I was more interested in the sensors being able to measure than what they measured. 

That perspective changed when the therapists asked why the responses occurred. When I 

brought the results back to my advisor, she asked the same question, ñWhat was occurring 

during these moments?ò 

In my observational methods class at Harvard, I learned that sitting and watching 

people, even without sensors, is a strong way to learn about experiences. I started closely 

watching people while I collected their skin conductance. I observed children rock back and 

forth as their mother explained board game instructions. I observed people miss entire 

selections of items in retail spaces as too much information was presented, and I listened to 

what people said to one another. Often times what is going on is so complex that I re-watch 

the scenario multiple times.  
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 When conducting thick psychophysiology, videotaping is a necessity. I can spend two 

to three hours replaying one childôs 20-minute interaction with a LEGO set. Take for 

example Ryanôs skin conductance as his father helps him build a LEGO Technic set. I see his 

skin conductance decrease as he interacts with his father, but then responds suddenly. 

 

Figure 3.2 Reviewing video provides context for why a skin conductance response may have 

occurred. 

 

Only by replaying the video along with the skin conductance can I dissect why Ryanôs 

response may have changed. Initially, Ryan drops a piece and is likely reacting to the 

dropping. The father picks up the piece and takes the model from Ryan and starts building 

himself. Ryan sighs and sticks out his tongue. The third peak occurs when Ryan looks over at 

the researchers, perhaps in embarrassment. From close inspection of the video, I do not 

simply label the response as Ryan dropping a piece but a possibility of multiple factors. The 

video allows researchers to identify the complex interactions that occur around a skin 

conductance response. 

While I have not been able to do this yet, I am excited to add eye tracking to future 

observations as well. When children were reading LEGO instructions, I would see a reaction 

while they are looking at the instructions and wonder whether they were looking at the page 

number, a complex piece, or a future step. Similarly, in shopping, I would like to know what 

part of signs create responses, as I cannot be sure what exactly people are reading. In the New 

World Symphony study, I would wonder what people were focusing on visually. One 

participant reacted in an unusual spot. When I replayed that section, he told me he was 

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

I am often asked if putting a sensor on people makes them self-conscious, which in turn 

alters behavior and responses. To prevent self-conscious behavior, I present the sensors in a 

non-emotional context. ñThe sensors will help us note times when you are interested, but I 

still will not be sure what you are interested in until you tell me in the interview.ò With that 

description, most people do not report feeling self-conscious or embarrassed. 

 However, a much stronger effect seems to come from video cameras and human 

observation. Recording a participant can make them anxious. During the board game study, 

one mother from Jamaica was playing Connect Four with her son who spends a significant 

time at the Boys and Girls club. The parent and child started arguing more and more about 

the rules, likely because the mother did not read the directions. She accused her 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 largest skin conductance 

response during the entire session. I interpreted this as a moment when the mother felt 

vulnerable, perhaps judged, as she was not performing in the way society expects a mother to 

perform. I saw similar responses from children as they were asking their parents for help 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. I know some researchers have participants 

carry the cameras themselves, but this likely will alter the experience as well. Alternatively, 

people could wear cameras so they are not being observed and still allow others to see what 

they observe. An ideal situation would be to tell the participant they may be videotaped, and 

then to hide the cameras from easy view. In public places, I then place a sign letting the 

public know videotaping may be in progress. 

3.5 INTERVIEWS  

 Observations provide a limited perspective of a personôs experience. To complement 

observations, I conduct long, unstructured interviews. In the occupational therapy study, after 

70 hours of video, I had a consistent question: what were the therapists intending as they 

conducted therapy? I wish I spent even just two minutes after each session asking the 

therapist how the session went. In the Hasbro study, I observed one mother who had a clear 

skin conductance level decrease as she read the board game directions. 
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Figure 3.3 A motherôs skin conductance decreases as she reads the instructions. 

 

Her children were starting to rock and ask if they could play, so I assumed that she was 

bored too. Much to my surprise, in the interview without the psychophysiology showing, the 

mother tells me she felt calm reading, like reading a newspaper. Interviews are essential to 

help us understand participantôs perspectives and personal interpretation of their experience. 

When I videotaped groups as they played with LEGO Serious Play, one woman reliably 

produced large skin conductance responses before she started to speak to the group. This 

womanôs skin conductance decreased after she began talking.  
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Figure 3.4. Stephanieôs skin conductance increased before she presented her LEGO model. 

 

Compare this response to another woman who reacted in the exact opposite way, her 

skin conductance decreased, and then increased when she talked. I needed interviews to help 

me understand what the two participants were thinking and why these two responses differed. 

The first young woman, whose arousal increased until she started talking, reported she was a 

bit anxious about speaking. Specifically, she did not know the people in the group and her 

model was not complete, so she was worried how she would talk about an unfinished model. 

The second woman, with the inverse response told me how emotionally important her family 

was to her, and speaking of a beach trip brought back an endearing memory. Interviews 

helped me understand a personôs perspective and why an emotional response may have 

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 experience. I interviewed some therapists a year after they had conducted a 

therapy session, once the data was analyzed. This method does not work. Our memory of 

emotional events are subject to forgetting and become biased over time (Levine & Pizarro, 

2004; Levine et al., 2009), and therapists were unsure what their intentions were or whether 

the therapy was effective, even with video to review. In a shopping experiment, I had 

participants tell me about their purchase after we drove back to their home. This gap in time 

was enough to prevent people from remembering the particular details, ñWell, it was a pretty 
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normal experienceò or ñI donôt recall much.ò After a few of these interviews, I now 

conducted retail interviews in the store space. This added the benefit of allowing people to 

reflect on the display, layout, and messaging. However, when talking about employee 

interactions, I try to find an empty room, as you want participants to have the freedom to 

express problems without being judged. 

3.5.2 Use Open-Ended Questions 

The worst question one can ask is, ñWere you stressed when you _______ò. ñYes.ò or 

ñNoò tells little about a personôs perspective. My general first question is, ñSo, how did it 

go?ò Perhaps when watching the concert, someone really liked the visuals. In general the 

research should use open-ended questions. People tend to be much more descriptive when 

they are telling me stories of what happened. I have participants walk me through what 

happened in detail. As they describe events, I ask them to describe even more what they were 

thinking or feeling. After a detailed interview, I then look at the skin conductance, and ask 

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

3.5.3 Ask People about Exact Moments 

 When possible, I also play back the video at moments when responses occurred, 

telling participants that some highlighted events might be emotional while others not. Re-

watching video can remind people of all the events that were occurring at a moment. Peopleôs 

recollection of specific events also provides another measure of how salient an event was 

likely to be. If a participant does not remember a strong emotional experience at a moment, 

that emotional reaction may not be strong. When interviewing people about specific sections, 

I still have participants describe the event in a story fashion. I remember asking engineers 

how they felt during moments of LEGO Serious Play, and their answers were often, ñI played 

with the bricksò. ñBut how did you feel?ò ñI played with the bricks.ò I tend to not ask people 

how they feel anymore. Rather, I ask them to describe what happened. Describing 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 conductance is an 

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

emotions are easy to implant into participantôs memories. Showing someone his or her skin 

conductance is like asking the question, ñFrom my expert view, I believe you were stressed at 

this point. Why do you think that was?ò You want to know if people do or do not recall 
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anything, as this helps show that the moment likely was not as arousing as the skin 

conductance 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. 

3.5.5 When Interviews Do Not Tell the Whole Story  

While one person drove in a difficult setting, I measured his skin conductance. His 

knuckles were clenched on the carôs wheel. His wife said, ñYou sure look stressed, are you 

sure you are all right?ò I asked the driver what happened at that moment, and he reported 

feeling no stress. This example brings up epistemological questions about what is an emotion. 

I interpret this data in two ways. First, from a memory perspective, this event was not 

stressful. He will not be telling his friends how stressed he was. However, consequences of a 

stress reaction were also probably present. He was probably more easily agitated, focused, 

and tense. I would expect that after the drive he reported feeling surprisingly aroused but 

attributed the feeling to another issue. When reported emotions and physiology differ, I tend 

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

 Occasionally, a specific moment will seldom be remembered as arousing. When 

asking a 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 on emotions in music. However, the collected data showed consistently large skin 

conductance responses during transitions, even when participants do not clap. Perhaps, in a 

concert setting we expect the medium to be the cause of emotional stimuli as it is our 

intended focus. From a grounded theory perspective, I know that transitions, loud noises, and 

talking all create skin conductance responses, and so I was not surprised to find responses 

during transitions. Despite no verbal confirmation, I concluded that transitions help arouse 

audience members. 

Interviews with children also tend to produce unreliable reports. I remember Luke in 

the board game study explained how he read the rules to his mother, despite him not knowing 

how to read more than a few small words. Mason told us Technic was his favorite set and he 

would recommend it to his friends. When I watched Mason on the video, I saw him stop 

building and ask his mother if he can play something else. Masonôs mother told me that he 

almost never builds by himself, which probably created anxiety ï something Mason did not 
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describe directly. In all of the above cases, I had to rely on observations and other sources of 

information to help me characterize the skin conductance responses. 

Other populations like the elderly or people with alexithymia may prove difficult to 

uncover emotional experiences from interviews alone. These extreme cases accentuate the 

larger question about why we privilege self -reported emotions as a gold standard when self-

reports themselves can often be unreliable. 

 I was hesitant to put these interview challenges in my dissertation, as self-report being 

inaccurate is usually assumed to be the exception to the rule rather than the norm. Most often, 

if people do not remember an emotional event occurring, I tend to not put heavy emphasis on 

that skin conductance data, while respecting that the response may be emotional and the 

participant is unable to recall or talk about it. Random or artifact skin conductance responses 

are so frequent, that I believe peopleôs reports are more accurate than the skin conductance 

alone. From a design perspective, I bookmark these non-confirmed responses as an 

interesting event and interview other people about that moment to see if other people do 

recall these events as emotional. This is not to say that skin conductance is dependent on self-

report, but more to say skin conductance combined with self-report is more accurate. 

3.6 ANALYSIS  

3.6.1 The Generalizability and Unique Emotion Problems 

With my occupational therapy work, I took 70 hours of skin conductance with video 

and tried to correlate responses to activities: do children in ball pits calm down easier than 

children on swings (Hedman et al., 2012)? One statistics professor on my masterôs thesis 

committee encouraged me to conduct a strong, statistical analysis. I recruited undergraduates 

to painstakingly go through all 70 hours of video and label the moments when children 

changed activities. I labeled all of the videos for body position, activity, and conducted more 

data processing than I ever had hoped to do. All of that work produced one small result: 

children are more likely to increase skin conductance when they push themselves on a scooter 

board, p<0.064 (Hedman et al., 2012), and this result was probably not significant with more 

than 8 tests. Furthermore, scooter boards involved significant physical activity, so we could 

not assume the difference was emotional. So, did childrenôs skin conductance not change 

with therapy, despite therapistôs insistence that therapy was about helping children regulate 

their arousal? Actually, the skin conductance responses were notably dynamic. I saw one 

child become stressed seeing a robotic toy, a child begin to calm down while she painted, and 
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multiple children become anxious at having to talk into a microphone. But traditional 

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

 Real-world emotions are dependent on an individualôs personal experiences. One 

child we worked with in occupational therapy was overly excited as he entered the ball pit. 

He would start announcing, ñBall pit, ball pit,ò at the beginning of each session. Not 

surprisingly, his skin conductance increased considerably while in the ball pit. Compare this 

to another childôs response to the ball pit. Her skin conductance dipped down as soon as she 

entered; the ball pit was relaxing for her. If the two childrenôs responses are combined, a 

rather flat, highly variable response is produced, which is far from the truth of either childôs 

experience. From a design perspective, we want to understand individual difference, and this 

flat response is detrimental. If 70% of customers love your service and 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 of emotional experiences. A lab has highly 

controlled stimuli, but the real world has constantly changing and multi-layered stimuli. 

When Anna lies prone in the ball pit, the ball pit is not the only factor influencing Anna. The 

therapist tells Anna it is time to be like Eeyore, time for calming down. No children are in the 

room. Anna is interacting with small stuffed animals found in the ball pit, on which she 

focuses intently. Anna is partially covered in balls, lying on her back. The lights are low. This 

list goes on. With so many factors, Anna will likely never be in the ball pit with the exact 

same internal and external context as before. This unique experience problem persists with 

typical adults. When shopping for a blender is the shopper in a hurry? Is her child in the car? 

Is her blender broken and she needs one that afternoon or is she browsing? Does she learn 

visually or through interacting? Did she look up blenders on the Internet beforehand? This list 

also goes on. Statistical analysis wants to take this long list of factors and conclude buying a 

blender is either stressful or not, but in truth many different aspects (more than there are 

subjects) influence an emotional experience. Because emotions are complex and individuals 

experience the world differently, I focus on individual responses and describe specific 

reactions to products and services.  

3.6.2 Analyze Right after Data Collection 

After two months of data collection at Google, I analyzed peopleôs skin conductance 

responses when all data was collected. Unfortunately, I found one hundred new questions that 

I was not thinking about that I wished I had started noting from the beginning. I also learned 
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too late that some of the sensors were not working well while driving: the sensors needed 

more gel for proper recording.  

Compare my Google analysis to my more recent work with LEGO instructions on the 

tablet. I went over the data immediately after collection. After analyzing the first childôs data, 

I learned my presence had a large effect on the childôs experience and skin conductance (he 

wanted to impress me). In the subsequent studies, I removed other researchers and myself 

from the room. We also saw a large number of sensor artifacts in the sensor on the hand, so I 

moved both sensors to the arches of the feet. We initially asked the mothers to not participate 

so we could observe how children cope with stress. During a fluke interaction, the first 

mother started helping her child, and the skin conductance changed considerably. By 

analyzing data that day, we learned that mothers could play an important role in helping 

children play with challenging LEGO sets. Consequently, we allowed participants to choose 

how they interact with parents in all future sessions. Researchers should put time into their 

daily routine to analyze the data as it is being collected. 

3.6.3 Combining Video and Software for Analysis 

I remember in my early days, the skin conductance response and video were separated, 

and Iôd be curious what happened at a moment and it would take 5 to 10 minutes to pinpoint 

that moment and watch that clip. If  there are 100 skin conductance responses during a 

session, video analysis becomes daunting and unattractive. Software-wise, the skin 

conductance needs to be tied to the video directly. If I click at a base of a peak, I need to be 

able to see exactly what occurs at that moment, instantly. 
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Figure 3.5 Interface used for combining video and psychophysiology. 

 

Videos need to be immediately available after an experiment. Having to render videos 

or graphs can take hours and researchers will naturally fall behind. As the number of videos 

that need to be reviewed increases, the chances of the researcher never viewing the data also 

increases. Sometimes a client will have a question, and it is great if the researcher can pull up 

the file in a few seconds to tell that story. Consequently, researchers should not use the 

highest definition video as the number of files that can be stored will be limited, and access 

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

3.6.4 Selecting Skin Conductance Responses for Analysis 

Once the video and skin conductance are properly aligned, I zoom out and see the 

entire Skin conductance across the session as a whole. Are there clear places where responses 

appear to change? Are there trends up or down? Artifacts can make skin conductance appear 

flat, so researchers may need to zoom around these spots or filter out those noisy jumps, 

before viewing. With the Biopac software, I set all values below a threshold or above another 

threshold to the mean skin conductance response. In Matlab, I 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 observe by 

affecting the auto-scale and should be removed before analysis. 

 

 
Figure 3.7 Same response as above, with dropped signals removed. 

 

The researcher will need to determine what level of granularity is appropriate for 

analysis. One could re-watch the video and attempt to label every response, but during long 

sessions there will likely be over one hundred responses, which will  take many hours. 

Additionally, many of these responses are non-specific; digging into the trenches of every 
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skin conductance response can be dangerous, as the small responses likely are physiological 

noise, and could be incorrectly attributed to unrelated events. If the skin conductance 

response is less than 0.05 uS, I do not include it in my interpretation at all. 

 
Figure 3.8 Too small of responses may be artifacts.  

Here skin conductance is measured from the arch of the left and right foot. The orange peak 

noted shows changes that likely came from movement as identified by the video. 

 

I tend to rank the responses by amplitude. I 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 analysis tends to be the most 

limiting factor. Keep in mind that some of the top responses can come from large movement 

artifacts, so researchers will need to extend their list of analysis beyond the initial responses. 

Here is one womanôs skin conductance during a classical concert. As can be seen, there 

are moments with much larger responses. 
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Figure 3.9 Anitaôs skin conductance from watching the New World Symphony. 

Some skin conductance responses are larger than the average. 

 

In the next plot Anitaôs skin conductance response amplitude is plotted over time. By 

only analyzing the highest responses, we reduce the amount of time needed to analyze, and 

reduce the probability of measuring a non-specific response, and increase the likelihood of 

observing a highly salient event. Many of these high responses can be due to large 

movements, so a larger sample size of responses may be needed. 

 

Figure 3.10 Plot of the amplitude of skin conductance responses.  

The box shows a theoretical filter that only analyzes the 20 largest responses. 

 

While pre-selection logically makes sense, as a designer, I often find myself homing in 

to important points more closely as well. For example, the moment Mason quits building 

Technic and asks his mother if he can do something else is a critical moment from an 

experience standpoint. I scrutinize all of the responses, large and small, around the time 
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Mason quits, in order to determine what might have been emotionally provocative at that 

moment. Interestingly, Masonôs last skin conductance response before he quit was when he 

was looking for a LEGO piece. 

 
Figure 3.11 The small skin conductance response as Mason looks for a piece would not catch 

researcherôs attention if they only analyze large responses. 

 

 
Figure 3.12 Only looking at the responses that occurred right before Mason quit helps 

emphasize the searching response. 
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3.6.5 Identifying Possible Causal Elements of a Skin Conductance Response 

In order to analyze a skin conductance response, I play the video 7 to 10 seconds before 

the response. Understanding the context is important, so if researchers do not remember this 

section of the video, they may want to go back a few minutes and watch events unfold, to 

better orient themselves to the moment. I note all the possible changes that occur 1-5 seconds 

before the response (we start at 10 to be able to see changes occur). Actions that started 

outside of those 5 seconds or after the response occurred were not likely the cause of the 

response. This method reduces the number of possible causes of a response dramatically. 

Typically I only see one or two things occur before a skin conductance response. 

The first step is to rule out movement artifacts, as these responses can be otherwise 

misleading. Many of the responses researchers encounter will not be due to salient events and 

it is imperative to account for these alternative responses. When watching, determine if any 

physical movement occurred. Do we see the personôs back move or their fingers pressing 

hard, breathing hard, etc.? Below is a list of activities I 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 occur regularly in day-to-day interactions. If a response occurs while an 

individual is doing any of these things, researchers cannot assume the response is due to a 

salient event alone. This is especially true if the physical movement occurred right before the 

skin conductance response. However, researchers cannot conclude that psychological arousal 


















































































































































































































