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AssTracT. The past decade has seen a rapid increase in the number of studies employing psychophysiological
methods to explain variation in political attitudes and behavior. However, the collection, analysis, and interpret-
ation of physiological data present novel challenges for political scientists unfamiliar with the underlying biological
concepts and technical skills necessary for utilizing this approach. Our objective in this article is to maximize the
effectiveness of future work utilizing psychophysiological measurement by providing guidance on how the
techniques can be employed most fruitfully as a complement to, not a replacement for, existing methods. We
develop clear, step-by-step instructions for how physiological research should be conducted and provide a
discussion of the issues commonly faced by scholars working with these measures. Our hope is that this article
will be a useful resource for both neophytes and experienced scholars in lowering the start-up costs to doing this
work and assessing it as part of the peer review process. More broadly, in the spirit of the open science framework,
we aim to foster increased communication, collaboration, and replication of findings across political science labs
utilizing psychophysiological methods.
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he past decade has seen a rapid increase in the
number of studies employing psychophysio-

I logical methods to explain variation in political
attitudes and behavior (e.g., Arceneaux et al., 2018;
Bakker et al., 2019; Bakker et al., in press; Carlson
et al., 2020; Gruszczynski et al., 2013; Hibbing et al.,
2014; Oxley et al., 2008; Renshon et al., 2015; Smith
et al.,, 2011; Soroka et al., 2019; Wagner et al., 2015).

This first wave of physiological research was published
in high-profile journals (including Science and
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Bebavioral and Brain Sciences), cited heavily in subse-
quent work, and covered extensively by the media. Our
objective is to maximize the effectiveness of subsequent
research in this growing field by demonstrating the utility
of psychophysiological methods and providing guidance
on how these methods can be employed and consumed
most fruitfully.

It is easy to see why research utilizing physiological
measures has found an enthusiastic audience. The pre-
sent theoretical context in political behavior research is
well suited to the advantages of physiological methods.
An increasing number of scholars highlight the import-
ance of emotion in shaping political behavior, both for
ordinary voters trying to understand present political
circumstances (Marcus et al., 2000) and for candidates

SPRING 2020 e VOL. 39, NO. T 101


https://orcid.org/0000-0002-9273-1526
https://doi.org/10.1017/pls.2020.5
mailto:jsettle@wm.edu
https://doi.org/10.1017/pls.2020.5

Jaime E. Settle et al.

trying to use emotional appeals to their advantage
(Brader, 2006). Closely related research on candidate
evaluation emphasizes “hot cognition” (Lodge & Taber,
2013), the notion that all sociopolitical concepts in
memory are affectively charged and that these affective
responses are brought to mind automatically when a
political concept is evoked.

Whether examining discrete emotions or automati-
city, one of the core challenges for this research is accur-
ate and meaningful measurement of emotional response.
Most traditional research in political psychology relies
on the self-reported attitudes of individuals. If we assume
that only conscious attitudes have demonstrable effects
on political behavior, relying solely on these self-reported
data is a sensible approach to tackling questions
surrounding individual-level political psychology.

However, the traditional approach of asking people
to self-report their emotional states has been called into
question by scholars arguing that a great deal of
emotional processing happens outside the bounds of
conscious awareness (Lodge & Taber, 2013; Smith
et al., 2011). These scholars posit that self-reports are
not “wrong” but rather are incomplete characterizations
of a person’s emotional state, as a great deal of work has
been done showing that nonconscious attitudes have
significant effects on political behavior. That said,
emotion researchers do not all agree that psychophysi-
ology can measure discrete emotions (LeDoux 2015a,
2015b), and there is a loose correspondence between
psychophysiological reactions, self-reports, and behav-
ior (Lang, 1968; MacDuffie et al., 2019). Like every
other field of inquiry, the precise nature of what psycho-
physiology measures and what it does not is an ongoing
area of research. Nonetheless, physiological responses
provide indicators of automatic processes that may
underlie emotional reactions in politically relevant
contexts, and measures that tap into arousal of the
sympathetic nervous system can offer a complement to
the traditional approaches that political scientists have
deployed (Wagner et al., 2015).

There are many ways to measure nonconscious atti-
tudes, including the relatively simple and inexpensive
implicit association test (see, e.g., Ksiazkiewicz &
Hedrick, 2013 and their edited symposium in PS: Polit-
ical Science & Politics), the electroencephalogram (EEG)
test (e.g., Boudreau et al., 2009), and the considerably
more complex and expensive functional magnetic reson-
ance imaging technique (fMRI) (e.g., Dawes etal., 2012).
Psychophysiological measures such as electrodermal
activity (EDA), electromyography (EMG), and
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pupillometry (eye tracking) provide a midground among
these techniques in terms of both complexity and cost
(for a discussion of these techniques outside the social
sciences, see Lohani et al., 2019). These methods should
be an essential part of the political psychologist’s toolbox
as they provide a cost-effective means of objectively
capturing nonconscious, affective responses to environ-
mental stimuli.

While it is clear that interest in physiological methods is
growing, several obstacles stand in the way of these tools
reaching the full range of scholars who could use them to
improve their research. The most obvious of these is a
general lack of familiarity with the psychophysiological
approach within our discipline. Scholars of political
behavior are accustomed to working with many kinds
of data, but the technical challenges associated with learn-
ing about the sympathetic nervous system and the prop-
erties of different physiological measures can be daunting.
There are also a number of logistical factors that can
discourage researchers, particularly setting up their own
physiology labs and buying expensive equipment.’ Labs
must also invest in proper training for research assistants
to administer the measures. With physiological research,
recruiting participants can also be a challenge, because the
methods require researchers to physically interact with
participants (e.g., placing electrodes on the skin) and may
require higher compensation. Finally, once researchers
collect data, they must know how to analyze and interpret
them to draw meaningful conclusions.

Beyond these logistical concerns, physiological
researchers must also engage with questions of how
to place their findings into a larger context. Working in
a nascent field of inquiry gives us an opportunity to
establish best research practices that are conducive to
systematic inquiry. Concerns about transparency in terms
of both procedures and theoretical development have
arisen across the social sciences, and an increased
emphasis on preregistration of studies and replication of
findings has followed. In many domains, this sea change
has been labeled a “replication crisis” because failure to
replicate canonical studies has required fundamental
rethinking of what we know. But failure to replicate is

'The equipment necessary to measure physiological responses
has become much more affordable over the past decade, but it still
remains a substantial expense. Costs vary widely depending on the
exact configurations purchased, but a base system costs in the ballpark
of $10,000. Stimulus delivery software can cost approximately $2,000
more. However, given the popularity of physiological measurement
within the field of psychology, many departments in that field may own
the equipment, opening the door for fruitful collaborations.
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AcgKnowledge software:
BIOPAC systems:

Electrocardiogram (ECG):

Electrodermal activity (EDA):

Electrode:

Electroencephalogram (EEG):

Electromyography (EMG):

Interstimulus interval:

Lead:

Nonspecific skin conductance
response (NS-SCR):

Phasic skin conductance
response (SCR):

Skin conductance level (SCL):

Stim-Response Analysis:

Tonic skin conductance
level (SCL):

Software program used to collect, measure, and analyze physiological data. This software is similar to packages
such as Infiniti from Thought Technology Ltd.

BIOPAC is a data acquisition hardware used to measure physiology. Other companies include Thought
Technology Ltd.

An electrocardiogram records the electrical impulses that stimulate the heart. This is done by placing electrodes
on a participant’s limbs and chest. An ECG can measure heart rate, heart rhythms, and characteristics of the
heart chamber (Cacioppo et al., 2007).

Electrodermal activity comes from sweat that is controlled by the sympathetic nervous system. When there is a
psychological or physiological arousal, there is heightened sweat gland activity. EDA measures levels of skin
conductance (Cacioppo et al., 2007).

An electrical conductor that is placed on a participant. An electrode is where electricity would exit the body and
into the lead, which then is connected to hardware like BIOPAC. There are many different types of electrodes
depending on the type of physiological data that are being collected and the placement on a person’s body. For
example, with a facial EMG, researchers will want to be cognizant of the size of the electrode and its durability
(Cacioppo et al., 2007).

An electroencephalogram records electrical activity in the brain. Electrodes are placed on the scalp of the
participant. EEGs are known for their high temporal resolution but do not have good spatial resolution.

An electromyography measures the electrical movement in the muscles. In the case of a facial EMG, certain
muscles in a person’s face can denote positive or negative affect. Electrodes are placed on these muscles to
measure movement.

The interval between one stimulus and another. The purpose is to allow participants to normalize or stabilize.
The cable that connects the electrode to the hardware.

A type of SCR that occurs in the absence of a known stimulus.

Phasic SCRs are shifts in SCLs and are usually in response to a stimulus. They are better known as “event-
related” SCRs and are thought of as “peaks” in SCR (Cacioppo et al., 2007).

Tonic level of electrical conductivity of skin (see Tonic SCL).

A type of analysis that can be done through the AcqKnowledge program.

The skin conductance level of a person without any stimulus or changes in the environment. This SCL does not
change quickly.

only a crisis if theoretical claims outpace empirical results.
In the area of political psychophysiology, we are not yet at
that point. Indeed, recent efforts to replicate early physio-
logical findings (e.g., Bakker et al., in press; Osmundsen
et al., 2019; Soroka et al., 2019) have not confirmed the
conclusions of those earlier studies. But far from a crisis,
these recent efforts have demonstrated the value of the
very procedural transparency that this article aims to
facilitate and have stimulated healthy discussion over
the substantive interpretation of physiological results.

The challenges are real, but they should not discour-
age researchers from adopting tools that can substan-
tially help their research programs. A better solution is
for experienced researchers, who have already endured
the start-up costs and begun to wrestle with the thorny
theoretical issues described above, to provide guidance
to minimize these costs for future scholars. The aim of
this article is to provide just this sort of guidance.

A physiological primer

Psychophysiology encompasses a variety of tech-
niques and measures and can be used to describe any
study in which the physiological predicts the behavioral,
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or vice versa (Stern et al., 2001). While the most com-
monly measured physiological response is electrodermal
activity, researchers also frequently collect measures of
heart rate, heart rate variability, facial muscle electro-
myography, and respiratory rate. While less common in
political science, others measures include EEG, fMRI,
functional near-infrared spectroscopy (fNIRS), pupillo-
metry, and hormonal measurements.” Here, we review
the physiological underpinnings of these measures.
Table 1 provides a glossary of terms that may be useful
as a reference in subsequent sections of the article. In the
next section, we focus our attention on electrodermal
activity and facial muscle electromyography, because
these techniques have been put to use most frequently
by political scientists studying emotional responses.

2While we cannot provide a clear ordering of these techniques
based on ease of use or cost, we think that the most approachable
measurements for beginners are electrodermal activity and heart rate,
followed by hormonal measures and respiratory measures. The most
complicated measurements—fMRI and fNIRS—are also among the
most expensive.
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Key physiological concepts

Electrodermal activity is a measure of electrical con-
ductivity responsive to sweat gland activation, a robust
and well-validated measure of physiological arousal.
This arousal occurs in response to most forms of novel
external stimulation and could be indicative of any
affective state: EDA increases when people feel aroused
(e.g., anxious, disgusted, startled, angry, happy, proud,
interested) in response to a novel stimulus (e.g., a photo).
Changes in EDA may also capture changes in attention
level (see Soroka et al., 2019). Inferences from shifts
in EDA, therefore, are dependent on the nature of the
stimuli presented to participants (Dawson et al., 2007).
The two principal measurements of EDA are skin con-
ductance level (SCL) and skin conductance response
(SCR). SCL represents the overall total of electrical
conductivity produced, whereas SCR is a measure of
significant deviations from a person’s normal SCL.

Electromyography is the label applied to measures of
skeletal muscle activation. EMG can measure the activa-
tion of any muscle, but psychophysiologists tend to focus
on facial EMG, which, as the name implies, is a measure
of activation in the facial muscles. EMG is an excellent
companion to EDA because activation of various facial
muscles acts as a reliable measure of affective valence. By
placing electrodes on the appropriate facial muscles,
EMG captures either the positive or negative valence
in people’s emotional responses. For instance, a fur-
rowed brow, a common sign of a negative affective state,
involves activation of the corrugator supercilii. There-
fore, researchers can infer that study subjects’ affective
reaction to a stimuli is negative if electrical activity in
their corrugator is greater than their baseline activity.
Similarly, EMG can capture the degree to which subjects
are startled by a stimulus by measuring activity in the
orbicularis oculi, which is activated when people blink
(blink amplitude increases when people are startled).
Disgust has been measured by EMG on the levator labii
superioris, a muscle found on the side of the nose
between the mouth and eye (Whitton et al., 2014). On
the opposite end of the affective spectrum, EMG can also
measure the activity of the zygomaticus major, which is
associated with smiling and positive affective responses
(Tassinary et al., 2007).

Measuring EDA and EMG is an effective way to
capture variation in different facets of the nervous sys-
tem. EDA is part of the autonomic nervous system
(ANS). The ANS is responsible for the numerous bodily
functions over which people exert little to no conscious
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control (e.g., sweating, heart rate). The ANS is divided
into two major divisions. The sympathetic nervous sys-
tem (SNS) is the fight-or-flight system, and the parasym-
pathetic nervous system (PNS) is the rest-and-digest
system. These systems complement each other in critical
ways. Imagine being cut off in heavy traffic: the body
detects a threat and prepares itself to respond. Conse-
quently, the SNS activates, causing the heart to beat
faster, the palms to sweat, and alertness to increase.
However, the body cannot continue in an overly acti-
vated state without serious health consequences. Once
the threat passes, the PNS brings the body back to its
natural resting state. Note that EDA specifically meas-
ures activity in the SNS and is not an indicator of PNS
activity (Stern et al., 2001).” Because people have little
control over the SNS, they have little control over EDA
responses.’ As a result, EDA provides more objective
measure of how people respond to the world, minimizing
biases such as social desirability that bedevil explicit
survey measures.

EMG is a measure of the somatic nervous system,
which is responsible for voluntary movement and con-
trols the skeletomuscular system. Each of the muscles
mentioned earlier—the corrugator, orbicularis, levator,
and zygomaticus—are easily controlled by conscious
thought, as most people can blink, smile, and furrow
their brows at will. Although these muscles are under
voluntary control, they nonetheless indicate automatic
processes involving little to no conscious control. The
orbicularis and blinking are the prime examples, as
blinking tends to be a nonconscious activity. When
people are startled or disgusted, micromovements in
these muscles can be recorded in microseconds with
EMG, offering a window into nonconscious processes
(see Tassinary et al., 2007).

Physiological hardware and software

Recording physiological data requires equipment,
which requires a one-time, up-front expense, albeit a
substantial one. Most of the political physiology labs
currently in operation require at least two computers:
one to present stimuli to participants and another to
acquire the physiological data, though newer technology

3Some measures of the cardiovascular and respiratory systems,
namely, respiratory sinus arrhythmia, capture variation in the PNS
(Grossman & Taylor, 2007).

*People also have little control over the PNS. We say “little control,”
because with intensive training, people can exercise some control over
their ANS (e.g., a trained Navy SEAL), but absent conditioning, people
have practically no control over their initial ANS responses.
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in physiological measurement is able to operate with
only one computer. These computers communicate with
specialized equipment—proprietary hardware and soft-
ware licensed and distributed by a number of companies,
such as BIOPAC or Thought Technologies—to acquire
and process physiological data. Researchers place elec-
trodes on participants that pass small levels of electrical
current to assess the raw electrical signals coming from
participants. These electrodes are attached to amplifiers
(via wires or wireless connections), which, in turn, con-
nect to the data acquisition computer (via an ethernet
cable), which then translates the raw electrical signal
produced by participants into data captured with a
specialized software program, such as BIOPAC’s Acq-
Knowledge program or Thought Technology’s Infinit
platform. Stimulus delivery software programs, such as
SuperLab or ePrime, can be configured to communicate
with physiological software programs, permitting excep-
tionally precise indicators of stimulus onset.

Best practices in psychophysiological research

Political psychophysiological studies share many
things in common with other forms of laboratory stud-
ies: the need for transparent research designs, the import-
ance of clear documentation for protocol procedures,
and the challenge of balancing experimental control
while striving for generalizable findings. However, the
nature of psychophysiological research exacerbates the
importance of some features of laboratory experiments—
such as the need to control the physical conditions of
the lab—and introduces challenges not typically associ-
ated with laboratory experiments—such as the variety
of post-processing decisions on voluminous data sets.
In this section, we provide an overview of the consider-
ations that are magnified in importance when conducting
psychophysiological research.

Here, we draw on four principles—transparency,
systematic methodology, replicability, and robustness—
to derive best practices. Because selecting the “right”
approaches to cleaning psychophysiological data
and constructing measures is often question-specific
and a subject for ongoing methodological research
(e.g., Boucsein, 2012), we do not wish to take positions
on the “right” way to inspect data or derive measures.
Instead, we offer some guidelines about what scholars
should consider when collecting and analyzing physio-
logical data as well as evaluating research that employs
these measures.
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Transparency requires researchers to clearly describe
the way in which they record, recode, and analyze
their physiological data. Because there are many
research degrees of freedom (e.g., there are dozens
of ways researchers could identify outliers), we encour-
age researchers to preregister their protocol and data
analysis plans. Systematic methodology requires
that researchers justify the decisions that they make
when it comes to the collection and analysis of physio-
logical data (ideally in a preanalysis plan) and apply
those decisions in a systematic way. Replicability
requires that other researchers could follow the steps
that researchers describe for collecting and analyzing
data to produce the same analytical outcomes (e.g.,
identify the same outliers, produce the same measures).
Finally, robustness requires that the conclusions
that researchers draw from the analysis of physio-
logical data are consistent across alternative analytic
decisions (e.g., a different but reasonable method
for identifying outliers or constructing a measure from
raw data).

Research design

As with all laboratory studies, many of the most
important decisions are made at the design stage. In
addition to all of the principles guiding strong research
design generally, research in this area is also guided by
the possibilities and limitations of physiological meas-
urement. In this section, we highlight some of the areas in
which these two sets of guidelines reinforce one another
or create tensions.

Experimental design. Most of the early works in
political psychophysiology are observational studies
rather than experiments. The stable, biological basis
of physiological dispositions limits experimental control
in many instances. We cannot, for instance, randomly
assign threat or disgust sensitivity to study participants.
Therefore, in these early studies, researchers collected
physiological measurements to study correlations
between political attitudes and physiological measures
of interest without making strong causal claims about
the effects of physiological response.

Among the reasons for the continued importance of
studies without clear control groups is the issue of stat-
istical power. Physiological studies require intensive
human capital, making it difficult to obtain enough
subjects for experiments with multiple treatments. Fur-
thermore, in our experience, data loss rates can be as high
as 20% for physiological measurements such as EDA
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and EMG.’ Traditionally, within-subjects designs have
been used to get around this issue because they allow
researchers to include multiple trials in one study (e.g., one
for inducing anxiety, another for anger). In fact, in physio-
logical research, within-subjects designs may be preferable
for several reasons. External factors such as temperature
and humidity can influence subjects’ physiological
responses. For this reason, within-subjects analyses are
often the most appropriate, as all changes can be attrib-
uted to the subject’s physiology rather than differences in
conditions in the lab. Within-subjects analyses also have
the added benefit of accounting for the large differences in
physiological responses between subjects (e.g., some
people have thicker skin, dampening EDA response),
which can make it difficult to balance physiological
reactivity across treatment groups in small samples.
However, there may be research questions when
within-subjects designs are not practicable or researchers
have strong hypotheses about how different treatments
should evoke different physiological responses (e.g.,
Mutz & Reeves, 2005; Soroka, 2014). In these instances,
between-subjects designs are feasible, but they are best
when researchers are able to conduct meaningful power
analyses in advance. Effect sizes are often small, making it
difficult to identify statistically significant results, and, as
with all power analyses, researchers should be careful to
look to previous research using similar designs to estimate
realistic effect sizes. Ideally, these designs should always
contain some common stimuli between groups to establish
baseline physiological reactivity equivalence between
groups, and researchers should also collect data on parti-
cipants’ baseline physiological responsiveness to a stimulus
with known physiological response properties.
Additionally, as with all studies using stimuli, pretest-
ing is essential. Whenever practicable, and always when
using a novel stimulus or a novel protocol, it is important
to assess subjects’ perceptions of the characteristics
and interpretation of the stimulus before beginning the
costly process of measuring physiological response. For
example, Smith et al., (2011) pretested a variety of
images in order to differentiate between neutral stimuli,
disgusting stimuli, and other negative (but not

5In our experience, we have found data loss rates of up to 15% for
EDA (Carlson et al., 2019) and 10% for other measurements, such as
EMG. Other researchers, however, such as Bakker et al., (2019), find
greater data loss rates for EMG than EDA. Data loss rates are likely to
vary from one study to the next, but the broader point is that
researchers should be prepared to lose some data when collecting
physiological measurements, and this should be a consideration in
power analyses.
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disgusting) stimuli. This careful image selection allowed
them to separate the impact of disgust from a general
negative emotional valence.

Stimuli and measurement selection. The prepon-
derance of studies in the field so far have used nonpoli-
tical but well-validated stimuli to evoke physiological
responses. The pioneering work (Oxley et al., 2008) of
the University of Nebraska—Lincoln Political Physiology
Lab, for example, collected physiological measures on
well-established protocols such as the International
Affective Picture System (IAPS). Using well-validated
stimuli (e.g., Bradley and Lang, 1999; Bradley and Lang,
2007; Lang, Bradley, and Cuthbert, 2008) known to
evoke particular physiological responses associated with
particular emotional or cognitive states is an important
part of establishing a role for physiological response in
political behavior. These studies suggest a link between a
person’s generalized physiological response and his or
her political attitudes or behavior but do not necessarily
test physiological response to the political environment
per se.

Other work has extended into testing physiological
response to explicitly political stimuli. This approach
represents a conceptual shift: instead of arguing that
generalized physiological sensitivity is associated with
particular political attitudes or behaviors, this research
implicitly asserts that physiological response to the pol-
itical environment itself is an important and meaningful
behavior to measure. One of the earliest contributions
was that of Mutz and Reeves (2005), who measured
EDA response to watching civil and uncivil depictions
of candidate debates, finding that watching uncivil inter-
actions elevated EDA. The advantage of using political
stimuli is the ability to capture an implicit measure
to complement what is already known about explicit
self-reported responses to the same or similar stimuli.
However, without differentiating whether subjects are
sensitive to particular classes of stimuli more generally
(e.g., anger-inducing stimuli) it is difficult to separate
generalized sensitivity from sensitivity to a political stimu-
lus. Researchers should adapt their designs accordingly
if they want to make such a claim.

In addition, while it is always important to consider
the order in which stimuli and tasks are presented to a
study participant, within physiological studies, the con-
siderations extend beyond concerns of priming and order
effects. It is essential to consider what effect each stage
of a protocol will have on the participant’s subsequent
mental states or physiological responses. For instance,
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hooking a participant up to the physiological equipment
may change her or his emotional state; the interaction
between a proctor and a subject is much more intimate
than in a standard study, which could be a relatively
stressful experience for some subjects. One good (but
time-consuming) method of dealing with this potential
anxiety is to allow for an acclimation period before
measuring baseline states or presenting stimuli. During
this acclimation period, researchers can ask subjects to
complete innocuous tasks, such as reading protocol
instructions or answering basic demographic questions.
Assuming a calm environment, it should only take a few
minutes for participants to return to a relaxed state, thus
allowing the researcher to establish a baseline state.

Many physiology labs collect multiple different meas-
urements during a single protocol in order to test several
hypotheses at one time and to use multiple physiological
measures in conjunction to better characterize subjects’
response. However, as elaborated later, physiological
recordings can be compromised by interference between
physiological measurements (Cacioppo et al., 2007;
Stern et al., 2000). For instance, EMG signals can
introduce artifacts into EDA signals. A helpful chart
of how different psychophysiological indicators inter-
act to produce such artifacts can be found in Cutmore
and James (1999, p. 1335).

The imperative for laboratory control. Regardless
of the stimuli used or the kind of physiological data
collected, it is important to standardize the participants’
experience and to maximize participants’ comfort and
focus. Any variation in protocol from participant to
participant may cause changes in participant response
to stimuli. Additionally, if the laboratory setting causes a
participant undue stress, that stress will manifest physio-
logically, making it impossible to separate responses to
the setting from responses to the stimuli.

Researchers can reduce artifacts when measuring
EDA by maintaining proper lab conditions, adhering
to a strict experimental protocol, and providing clear
instructions to subjects. Ideally, stimuli should be pre-
sented and experimental tasks should be performed in
otherwise quiet (sound-attenuated, if possible) rooms,
with few visual distractions and low traffic. It is import-
ant that the lab be climate controlled to maintain rela-
tively constant temperature and humidity, especially
when measuring EDA (Boucsein et al., 2012), because
EDA measures tend to be positively correlated with
ambient temperature (Boucsein et al., 2012). If possible,
labs should maintain a room temperature of around
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22-24 degrees Celsius, or 72-75 degrees Fahrenheit
(Braithwaite et al., 2013, p. 41). It may be useful to
present auditory stimuli via headphones to reduce dis-
tractions from other noises.

It is essential that researchers codify all decisions
about lab set up in a protocol. Whenever possible,
proctors should adhere to a script when relaying instruc-
tions to participants to ensure consistency between sub-
jects and to standardize the lab experience. The more the
protocol addresses, the better. It is advisable to include
full instructions in the protocol addressing details from
before the time of participant arrival—including setting
up the lab and turning on equipment—until after all
participants have left and the lab is to be shut down.
Such a protocol facilitates replicability and should be
used when training new proctors. Because of the sensi-
tivity of physiological measurement, seemingly trivial
differences in the way proctors administer the experiment
(such as the placement of electrodes) can have down-
stream consequences for the interpretation of results.

Study length and participant fatigue. Like all other
experiments, participant fatigue is a concern when meas-
uring physiological responses. Researchers should be
mindful of the length of their studies and may want to
schedule short breaks into the experimental protocol if
feasible. There is no established maximum time duration
for physiological data collection, as study length neces-
sarily depends on the hypotheses, stimuli, and design
unique to each study. However, based on our experience,
we suggest that researchers aim for no more than 30 min-
utes of data collection to avoid stress or fatigue. While
this is not a hard-and-fast rule, study designs lasting
considerably longer than this recommendation should
be justified in light of duration-related concerns posed in
these types of studies. If a researcher wants to collect data
for multiple hypotheses at one time, experiments can
become quite lengthy. As we discuss below, long proto-
cols may introduce artifacts into the data.

First, the likelihood that a participant will move
during a study increases over time. As explained later,
movement can introduce noise into the data. Second, if
participants are exposed to repetitive stimuli, habitu-
ation can occur (Dawson et al., 2001). This habituation
will manifest as a general decline in amplitude of
response over time. In other words, while novel stimuli
can still evoke arousal, the longer participants engage in
the same task, the less responsive their SCRs will be. To
our knowledge, there is no set length of time at which
habituation will occur or become a limiting obstacle in
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research designs. Habituation itself is influenced by indi-
vidual differences; for example, it is highly correlated
with psychological resiliency and other individual differ-
ences (see Walker et al., 2019).

The type of stimuli used and the degree to which
participants begin to detect and anticipate patterns in
their presentation will also influence habituation. Rela-
tively neutral stimuli such as images may lead to faster
rates of habituation than startling stimuli, such as loud
pulses of sound. Just as one would with any study in
which respondents are exposed to multiple stimuli,” we
suggest that researchers account for habituation in the
research design stage by carefully considering stimuli
design and potentially randomizing the order of stimuli
that are presented to subjects.

Another concern when measuring EDA during longer
experiments is drift in the background SCL over the
course of a study. Drift is a general increase in the
background tonic SCL (Braithwaite et al., 2013, p. 11)
and can occur for a number of reasons, including unre-
liable connections between electrode attachments, data
recordings that produce time lags, disproportionate use
of electrode gel, electrode polarization, or even a buildup
of sweat over time (Shaffer et al., 2016). It is sometimes
difficult to ascertain whether changes in SCL are due to
drift, habituation, or substantively meaningful physio-
logical responses. To account for these artifacts, we
recommend implementing baseline measurements in
advance of each stimulus, what are called interstimulus
intervals. These are typically designed as blank or black
screens, potentially with a cross or short bit of static text
to focus participants’ attention, of 30-60 seconds.
Because meaningful physiological responses only take
seconds to manifest, while drift or habituation may take
tens of minutes (Braithwaite et al., 2013, p. 11), using
these rest intervals to establish stimulus-specific baselines
should account for any artifacts in SCL measurement.

Ethics review. Institutional review boards (IRBs) vary
widely from institution to institution, and psychophysio-
logical laboratories at different universities have had
radically different experiences with feedback from the
IRB. Some IRBs have been particularly concerned about
the nature of the stimuli that are being shown to subjects
(such as TAPS images designed to elicit disgust), while

For example, consider a study that assesses self-report emotional
evaluations of multiple campaign advertisements. If researchers are
interested in testing whether subjects have different emotional
responses to different advertisements, they would randomize the order
of the advertisements to account for ordering and habituation effects.
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other IRBs have been more concerned about the inva-
siveness of the procedures to attach electrodes or other
measurement equipment. Our general recommendation
is to factor in additional time for ethics review, to allow
researchers to address any concerns an IRB might raise.
We also encourage researchers to treat responsibly the
fact that they are collecting measurements that can be
informative about subjects’ health and well-being. They
should be clear on an institution’s policy for the disclos-
ure of information to a subject about a measurement that
indicates a potential health issue.

Data collection

Data collection presents challenges unique to psycho-
physiological research. In this section, we discuss these
challenges and explore possible solutions. In a labora-
tory study, researchers may collect EDA, EMG, and
other physiological responses, such as heart rate and
respiratory readings. Each requires different hardware
with different attendant concerns. Given space constraints,
we focus primarily on EDA in this section because it has
been the measure of psychophysiological response most
frequently employed by political scientists, but we make
brief reference to other types of measurement as well.

Advance preparation. Unlike many other types of lab
studies, researchers need to collect information from
subjects in advance of the study itself, making a presur-
vey essential. Because physiological equipment is able to
detect changes in physiological response over a millisec-
ond, it is important to properly screen participants
for any circumstances that may affect measurement.
Experimenters should send a reminder to subjects before
their scheduled appointment to discourage behaviors
that may interfere with the measurements (e.g., use of
tobacco, alcohol, or hand lotion).” Participants should
also be reminded to wear clothing appropriate for the
experiment.”

Electrodermal activity configuration. High-quality
EDA data can be difficult to record. Readings rely on a
good electrical connection to an unmoving, focused

"Hand lotion is problematic because it alters the hydration of
the skin, which alters its conductivity for the purposes of EDA meas-
urement. Tobacco, caffeine, and alcohol can affect heart rate. In
situations in which it is not feasible to discourage these behaviors
(see, e.g., Bakker et al., 2019), researchers should justify the decision
in a preanalysis plan.

®Heavy sweatshirts or sweaters may impede the collection of
respiratory data, and leggings or stockings may create awkward
situations when connecting ECG leads to subjects’ ankles.
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participant. To ensure the best-quality data, it is essential
to prepare the participant adequately before attaching
the sensor. We recommend that participants rinse
their hands in lukewarm water (and dry them) without
soap, as soap may cause swelling of the epidermis and
depress tonic EDA readings (Boucsein, 2012, p. 109).”
Researchers should place the electrodes on the skin at
least 10 minutes before baseline measures are estab-
lished. This allows adequate time for the electrolyte gel
to penetrate the outer layer of the skin, ensuring a
stronger signal (Boucsein et al., 2012, p. 1023). If sub-
jects wash their hands during a break in the study, the
experimenter must reapply the electrolyte gel and allow
another 10 minutes for the sweat glands to reactivate
before continuing to record the EDA signal."’

If the participant moves during the study, or if the
electrical connection is disturbed in any way, the data
become noisy, making it difficult to establish a link
between stimulus delivery and electrodermal response.
Because motion can create artifacts when measuring
physiological data, subjects should be instructed to keep
movement to a minimum. Similarly, coughs, sneezes, or
loud, unexpected sounds (such as construction noises or
a cell phone ring) can also create artifacts in the data.
Many of these are unexpected and thus, unavoidable.
However, data acquisition programs allow experiment-
ers to tag such events using hotkeys so that they can be
accounted for in the final analysis (Braithwaite et al.,
2013, p. 41).

EDA measurement also requires attention to electrode
placement. EDA electrodes must be placed in pairs, to
create an electrical circuit. These pairs should be placed
somewhere on the hands. The exact placement of EDA
electrodes varies from lab to lab, as it is largely dictated
by particular hardware models and the nature of the
experimental tasks. While sites other than the hands are
possible (van Dooren & Janssen, 2012), many are inva-
sive (inner thigh, buttocks), awkward (forehead, armpit),
or underresponsive (shoulders, calves). Ideally, the elec-
trodes should be connected to the distal phalanges of
fingers (Boucsein et al., 2012). However, if an experi-
ment requires participants to type or otherwise use their
hands, a fingertip site may be avoided, as jostling the

®The swollen corneum creates pressure that can inhibit the pores
from opening, which inhibits sweat from reaching the surface of
the skin and prevents accurate measurement (Boucsein et al., 2012,
p. 1023).

191t is not necessary to use an electrode-preparation product to
abrade the attachment site. In fact, abrasion is specifically discouraged
for exosomatic EDA recording (Cacioppo et al., 2007, p. 163).
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electrodes is likely to result in unusable data. In this case,
sites on the medial phalanx of the fingers or on the thenar
and hypothenar sites on the palm are preferable. Ideally,
the electrodes should be attached to the participant’s
nondominant hand, as there should be less callous tissue
(Boucsein, 2012). If both hands are needed for tasks,
consider placing electrodes on the inner aspect of the foot
(Boucsein et al., 2012; Edelberg, 1967). If participants
are to perform tasks that require both walking and using
their hands, the shoulder is a suitable location for the
placement of electrodes (van Dooren & Janssen, 2012).

Data collection. At the start of a lab session, care
should be taken to ensure robust measurement. Poorly
attached electrodes or other technical malfunctions may
negatively impact measurement quality. We recommend
a brief calibration period before presenting stimuli. This
allows for verification that the data for each specific
psychophysiological indicator appear normal. If read-
ings appear to be compromised, researchers can trouble-
shoot prior to data collection. This may be as simple as
verifying that adhesive electrodes are firmly attached and
all connections are secure. In the case of EDA, poor
readings may be the result of inadequate amounts of
electrolyte gel being applied to the electrodes before
attachment. If one-time disposable electrodes are being
used, replacement of electrodes with a fresh set may
resolve technical issues.

It is worth noting that approximately 10% of indi-
viduals are estimated to be nonresponders (known as
hyporesponsive) in terms of their EDA. While we suggest
checking all electrode contacts and restarting the data
collection software to verify that the problem is not with
the signal, it is simply impossible to obtain high-quality
EDA measurements from some individuals (Braithwaite
etal., 2013, p. 41).

After stimulus presentation has begun, proctors
should continue to monitor data collection to ensure that
physiological measurements remain robust over the
course of the lab session. For instance, adhesive sensors
may come loose partway through a session, comprom-
ising data quality. If short breaks are incorporated into
the research design, this not only combats participant
fatigue over the course of a session but also allows for
additional troubleshooting to limit the time that poor-
quality data are collected. When saving recordings of
participants’ physiological data, it is helpful to include a
short note of any issues on specific physiological indica-
tors that can be referenced during data cleaning or
analysis. It is also essential to ensure data are regularly
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backed up in secure locations over the course of a study.
Minimizing data loss is crucial given how time and labor
intensive the data collection process can be for psycho-
physiological research.

Given the complexity of the data collection process,
we recommend maintaining a log recording pertinent
details of a participant’s lab session that may affect the
strength of the physiological signal. No detail is too
small! For example, it is often prudent to ask participants
whether they need to use the restroom prior to beginning
the lab session, depending on its expected duration.
However, if participants use the restroom immediately
prior to the start of a lab session, the use of soap
afterward to wash their hands will impact the levels of
sweat on their skin and therefore their likely EDA
measurements. When physiological responses to non-
study-related distractors occur, these should be noted
both in the software recording the data and in the lab log.
Other aspects of a participant’s lab session should also
be noted, such as excessive fidgeting, drowsiness, or
extreme emotional states.

Data analysis

One of the challenges of psychophysiological research
is the complexity of the post-processing of the data.
While these are often small-N studies due to the intensity
of the data collection procedures, researchers collect
millions of observations for each subject’s raw data:
measurements for one or more physiological variables
with up to a thousand observations per second over the
duration of a study, for example. As a result, the deci-
sions a researcher makes in meaningfully aggregating the
data are consequential for the interpretation of findings.

Data exportation and sampling rates. To date, most
political scientists collecting these data have used the
AcgKnowledge software; therefore, we make specific
reference to some of its features. However, other soft-
ware and hardware configurations work similarly. There
are two options to extract data from the AcqKnowledge
software. The first capitalizes on AcqKnowledge’s built-
in features. The “Stim-Response Analysis” is an appeal-
ing part of the program that works especially well in
research designs in which stimuli are given to partici-
pants at specific times. These stimuli events are translated
to digital inputs that can be transferred into “stim events
functions” that are then interpreted as a binary number.
This is also helpful when the design includes multiple
levels of stimuli events and the researcher wants to
analyze the data for the experimental conditions
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separately. The “Stim-Response Analysis” allows the
experimenter to tell the program how many seconds of
data to analyze around the stimulus event. Then, the
program can extract the type of data necessary for
analysis (e.g., mean, min, max, standard deviation).
These data are then transferred to a data file, where the
information, including the onset times, are neatly printed
out for further analysis. The concern with this approach
is that it is at odds with the principles of the open science
framework: these analyses will not be reproducible for
other researchers because the algorithms used by propri-
etary software are not entirely transparent and are spe-
cific to each package’s users.

The second way to analyze the data involves export-
ing it: the data in AcgKnowledge (as well as other
software packages) can be saved as a text file that can
then be uploaded to a program of choice (e.g., Stata, R).
The key benefit of this approach is its potential for
consistency with the best practice principles we outlined:
transparency, systematic methodology, replicability, and
robustness. Additionally, this option allows the experi-
menter to decide how fine-grained the analysis should be
while keeping in mind what the design warrants and how
to optimize the data analysis process. Some stimuli may
be long—for example, having participants look at a
photo for 20 seconds. Some stimuli may be quick and
startling. For the first example, in which participants’
physiological responses are collected over a long period
of time, it may be necessary to extract only 50 data points
per second. In the second scenario, in which the imme-
diate reaction is the target response, it may be beneficial
to get 1,000 data points per second. Data sampling
procedures will, as always, depend on the nature of the
study and the specific physiological measures being col-
lected. EDA measures respond slowly, so there is limited
benefit to high sampling rates, but other psychophysio-
logical measures may be more sensitive to this choice.
Given the numerous combinations of physiological meas-
ures and research designs, it is best to refer to the literature
surrounding those measures or designs to determine the
appropriate sampling rate.

Measuring EDA. Regardless of how data exportation
is done, there are a number of factors to consider when
creating variables from physiology data. EDA is usually
characterized in one of two ways—tonic skin conduct-
ance level'" and phasic skin conductance response. SCL
captures participants’ current level of arousal and SCR

MSCL is usually measured in microsiemens (uS).
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captures changes in SCL in response to some stimuli
(e.g., a photo or noise). Phasic skin conductance response
recorded over a longer interval and not in response to
particular stimuli is called nonspecific skin conductance
response.'” Researchers capture SCR through multiple
approaches. In one approach, researchers measure par-
ticipants’ baseline SCL during an interstimulus interval,
such as a blank screen, that precedes exposure to the
stimulus and then measure their SCL during exposure to
the stimulus (e.g., a photo). Another approach collects
baseline SCL during a 2- to 15-minute period prior to
the experiment and then collects SCL during the experi-
ment. Using both protocols, SCR is simply the differ-
ence between the baseline SCL measure and the SCL
measured during exposure to the stimulus (or stimuli).
Getting an accurate baseline is particularly important
when there are subgroups of the population that have
tonic hyper arousal—high levels of SCL (Dawson &
Nuechterlein, 1984)."

One important caveat is that some people simply do
not exhibit any phasic changes in their EDA. Some
researchers have suggested that this is around 25% of
the normal population (Venables & Mitchell, 1996)."
There are also situations in which a person may be
responsive on one hand/wrist but not the other. If the
nondominant side is unresponsive, it may be warranted
to try the other side.

Variable transformations, data cleaning, and data
analysis. Visualizing physiology data can do wonders
for helping the experimenter understand the data on an
individual and aggregate level. For example, habituation
can occur when participants are being recorded for long
periods of time (Andreassi, 2007), and the best way to
detect this is a visual inspection of the data. However, if
the research design has evenly spaced intense or complex
stimuli, this habituation may not occur. Plotting the
physiological outcomes over the course of the experi-
ment should reveal information about the effect the
stimuli had on the participant. Looking at these data
for an individual participant can be helpful in identifying
any outliers or noise and can be compared with the

126CR is used to describe phasic responses, and NS-SCR refers to
phasic increases that occur but are considered tonic because they are
measured in the absence of stimuli (Dawson et al., 2001).

BHyperactivity has been shown to be prevalent in people with
severe illnesses (Katsanis & lacono, 1994) and low brain metabolism
(Hazlett et al., 1993).

4A consistent finding in psychophysiology is that schizophrenia
patients are likely to be electrodermal nonresponders. Bernstein et al.,
(1982) found 50% of schizophrenia patients to be nonresponders.
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protocol log notes for any irregularities during data
collection for that participant. On an aggregate level, a
plot can expose the overall trajectory of physiological
responses over the course of the experiment. Data visu-
alization can also show whether there are any irregular-
ities in the distribution of the data.

Visualization is an opportunity to easily check for any
data quality issues. For example, any negative readings
in the raw data most likely indicate a calibration error
with the equipment, which may or may not render
the data usable. As mentioned previously, there is a
substantial portion of the population that is deemed to
be “nonresponders.” In this case, it is appropriate to
exclude them from the data, as there will be no variation
in their response. Lastly, this is where diligent and
meticulous lab notes are important. It is acceptable to
exclude data if there is reason to believe that the readings
are unreliable.

If there were abnormalities during the data collection
process, it is up to the researcher’s discretion to exclude
data. Unfortunately, this is an area of physiological
research where there is little consensus or firm guidance.
Our advice is for researchers to preregister the data
cleaning and transformation plan as part of a preanalysis
registry in order to develop protocols for excluding
participants’ data prior to data analysis and preferably
before data collection. It is key to be fully transparent
when reporting results about the reasons participants
were excluded. What counts as unacceptable data, how
is it recognized, and who makes that decision? A stronger
approach could also include a blinding procedure. For
example, a research assistant blind to the study design
inspects the data to decide which data fall below quality
standards according to predetermined metrics or stand-
ards. In addition to data quality issues stemming from
equipment malfunction, participant nonresponse, or
participant noncompliance, Cacioppo et al., (2007) sug-
gest identifying any outliers, as they can skew the data."’
The research assistant then sends the data to the authors
who use the data to test their preregistered hypotheses.

The next step is to transform the data. EDA data often
require transformation if an experimenter finds the dis-
tribution of data to be skewed or behaving abnormally.
Physiological data can be susceptible to skewing, kurtosis,
and heterogeneity of variance (Dawson et al., 2001).

Qutliers are not always problematic. In fact, they can be the
measurement of interest particularly when looking at phasic responses.
The experimenter must simply ensure that the outlier is not an outlier
through error.
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There are many ways to transform and clean data.
Examples include a natural logarithmic transformation
(see Boucsein, 2012; Dawson et al., 2001), taking the
square root or standardizing SCL scores (see Boucsein,
2012; Smith et al, 2011), time-series smoothing
(Soroka, 2019), and area under the curve (Boucsein,
2012). See Soroka (2019) for the elaboration of an
empirical example. We encourage researchers to inspect
the transformed data to verify that the distribution is
well-behaved (i.e., single-peaked) as well as to conduct
sensitivity analyses to ensure that their statistical results
do not depend on a particular transformation.

Reporting results

As with the reporting of any laboratory experiment
results, the write-up of psychophysiological studies should
facilitate critical evaluations of the quality of the research
design, data collection, analysis, and the interpretation of
results. The amount of detail needed to inform future
work in the form of replications and extensions, however,
is considerably greater in this area of study, given the
sensitivity of measurement and the many decisions
involved in the post-processing of data (Fowles et al.,
1981). In the following sections, we outline the content
that we believe should be included to satisfy expectations
for replicability and transparency (JETS, 2015).

Main text. In many ways, reporting the details of
psychophysiological studies is similar to that of trad-
itional lab experiments. Here, the report generated by the
Standards Committee of the Experimental Research
Section of the American Political Science Association
provides a good starting point. That document provides
a list of elements that researchers should include when
conducting laboratory experiments. These elements
include eligibility, recruitment, and incentives for par-
ticipation, characteristics of the sample and relevant
covariates, and an explanation of the protocol, including
the treatment stimuli and timing intervals used (Gerber
et al., 2014, pp. 94-98).

However, protocols in psychophysiological studies in
political science are unusually long, detailed, and complex
compared with protocols for other lab studies. As such, it
can be difficult to discern which details to include in the
body of the article and which details to include in the
appendices. Beyond standard best practices for reporting
data analysis, political psychophysiological studies should
consider a few additional points. First, any information
that pertains to the generalizability of the evoked physio-
logical response—such as additional details regarding the
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demographics of the sample, information about the deliv-
ery of the stimulus, or lab conditions—should be included.
Also, there is a relatively high expected rate of data loss in
this field of study. There are many reasons why partici-
pants might need to be removed from a psychophysio-
logical analysis: equipment malfunctions, proctor error,
or extreme outliers in terms of physiological reactivity or
hyposensitivity. Researchers should clearly report what
proportion of participants were removed from the ana-
lyses, explain and justify the criteria used to remove
participants from the analyses, and report the sensitivity
of results to these exclusion criteria.

As discussed earlier, many decisions are required to
operationalize psychophysiological concepts into data
suitable for analysis. When reporting results, it is crit-
ical to clearly explain the substantive interpretation of
the physiological measures, how data were aggregated,
what transformations were applied, and how summary
statistics were calculated. The transformation of
physiological variables often makes it somewhat diffi-
cult to conceptualize the substantive impacts of stimuli
on physiological response. We recommend that whenever
possible, researchers visualize their results and include
simulated effects of first differences or ranges of the
physiological measure to aid interpretation. Researchers
can also provide information about physiological
response in populations similar to their samples or to
stimuli similar to their own to aid readers in contextual-
izing results.

Appendices. Unlike other studies, we recommend that
researchers make available their full, detailed lab proto-
cols in supplemental appendices rather in the main text.
These protocols should include detailed information
about what happened when participants arrived at the
lab, how they provided informed consent, when and how
they interacted with proctors (including specific scripts
used by proctors to interact with participants), when and
how the psychophysiological equipment was applied to
the participants, the timing of stimuli, how participants
were debriefed, and how data were processed after
collection. Ideally, the full treatments should be available
in the appendix if feasible. If not, the appendices should
at least include sample graphics of the treatment to help
readers visualize exactly what participants saw or read
in the study. If audio or video treatments were used,
researchers should make every effort possible to make
them available in an online appendix. Finally, researchers
should also make proctor-training materials available
upon request. For an example, albeit an imperfect
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one, see the online appendix of Carlson, McClean, and
Settle (2020).

Because of the high setup costs involved, it is common
practice to collect data for multiple studies in a single
data collection session. We believe it is important to
provide at least summary information in the appendices
about the full set of physiological recording data meas-
ured on a subject, even those that are not utilized in
the analysis. Ideally, researchers would also preregister
analysis plans that explicate their hypotheses, exclusion
criteria, measurement decisions (e.g., transformations),
and statistical modeling decisions (Miguel et al., 2014).
These steps would help address the concerns raised by
Franco et al., (2014) about publication bias.

Null results. Although publication bias against null
results exists in the social sciences (Franco et al., 2014),
we encourage researchers to submit their null results, in
the main text or the appendix as appropriate. Similarly,
we encourage reviewers to be open to null results when
critically evaluating work for publication. As psycho-
physiological studies are particularly time-consuming
and expensive to conduct, the imperative to publish null
results from well-designed and well-executed studies
becomes even more important to prevent wasted time
and resources. Researchers can examine null results that
they find interesting and build on them, make research
design improvements, and otherwise seek to extend
and replicate published works to push the field forward.
It is for this reason that we believe it is important for
labs working on similar questions to communicate
results with one another. Preregistration of analysis
plans and research reports offer a useful mechanism
for doing so.

Caveats about psychophysiological
measurement

Clearly, we see a number of benefits to be gained
from incorporating measures of psychophysiology into
political science research. Nonetheless, we appreciate
the limitations that are inherent in the approach. While
these issues do not dampen our optimism, we think it is
important to present a complete picture. No measure-
ment approach is perfect and psychophysiological meas-
urement is no different. We discuss two broad caveats
that scholars should consider before incorporating psy-
chophysiological measures into their own research as
well as when consuming research produced by others.
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Sampling limitations

At this time, psychophysiological measurement
requires researchers to have direct interaction with study
participants under controlled conditions. The best way
to accomplish this is for researchers to bring their parti-
cipants into the laboratory. Although the technology of
measuring physiological responses has become more
available and more affordable, the equipment remains
a considerable expense, especially when compared with
standard social scientific measurement tools. Conse-
quently, most social science laboratories can generally
only measure the physiological responses of a handful of
respondents (generally, one or two) at a time.

These practical limitations translate into sampling
limitations. Most psychophysiological studies rely on
small samples, often drawn from conveniently located
populations such as college students. These sampling
limitations raise two important concerns. The first is that
underpowered studies, when combined with standard
frequentist approaches to null hypothesis testing, are
more likely to exaggerate true effect sizes, since small
samples can only “detect” (i.e., generate small p-values)
large effects. As we noted earlier, the findings from
several early and influential political psychophysio-
logical studies have failed to replicate when repeated
with larger samples (Bakker et al., in press; Osmundsen
et al., 2019; Soroka et al., 2019), highlighting the need
for larger samples. The second concern is that even if one
isolates the true relationships between physiological
measures and outcomes of interest, they may only apply
to a narrow population and therefore fail to generate
knowledge generalizable to the broader populations in
which political scientists tend to be interested.

It is important to note that while these concerns often
accompany studies that incorporate psychophysiological
measurement, they apply to all social science research.
Indeed, laboratory research and convenience samples are
quite common in other disciplines such as neuroscience,
psychology, and behavioral economics. Perhaps more
importantly, research into the validity of lab experiments
finds that results from such studies have a strong correl-
ation with results from both online (Clifford & Jerit,
2014) and field studies (Coppock & Green, 2015).
Furthermore, comparison studies find that student sam-
ples perform similarly to probability samples, especially
when the treatment effect does not depend on a charac-
teristic for which there is little variance (Coppock et al.,
2018; Druckman & Kam, 2011). Regarding psychological
traits and political attitudes specifically, research regularly
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finds few, if any, systematic differences between student
and representative samples (Vitriol et al., 2019).

Still, given the persistent concern over the validity of
convenience samples, we believe that the best response to
this limitation in psychophysiological research is the
same that scientists use elsewhere: replication. No single
study, not even ones based on large and representative
samples, can be taken as definitive. In fact, the entire
edifice on which null hypothesis testing is built presumes
that we only gain knowledge about true effect sizes
through multiple studies. We believe these consider-
ations offer another rationale for psychophysiology labs
to work in concert. A network of labs can facilitate both
larger-N studies and replication (Klein et al., 2014).

We must also keep in mind that technology is not
static. As more social scientists incorporate psycho-
physiological measures into their toolkit, we will develop
more efficient and effective protocols. Moreover, as any-
one with a recent vintage smart watch can attest, the
technology for measuring physiological states (e.g., heart
rate) can be miniaturized and made more available. Con-
sequently, there may be a time when researchers do not
need a lab filled with expensive equipment to record at
least some psychophysiological measures.

Substantive interpretations

Our second major caveat applies to the substantive
interpretation of psychophysiological measures. As we
noted at the outset, EDA measures arousal, and researchers
often use it as a marker for emotional response. How-
ever, EDA cannot be directly mapped to specific emo-
tional states, and some researchers also consider EDA to
measure attention (e.g., Soroka, 2019). Disparate emo-
tional states, including anxiety, anger, and excitement,
can generate increased dermal activity. Consequently,
psychophysiological measures cannot and should not
be used in the same way that social scientists often use
off-the-shelf self-reports, which are designed to measure
specific psychological traits and states. As is the case with
any measurement approach, researchers must take care
to ensure minimal slippage between the background
concept they wish to measure (e.g., anxiety) and the
operationalization of that measure (e.g., self-reports,
EDA). With respect to psychophysiological measures,
researchers must interpret physiological responses in
the context of their research design.

Moreover, the same issue presents itself with self-
reports. For instance, a recent study finds that increases
in EDA in response to disgusting images does a better job
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predicting political attitudes than does people’s self-
reported levels of disgust with the same images (see Smith
et al., 2011). People do not always have access to their
emotional states—or worse, they may wish to hide them
from researchers—rendering self-reports imperfect
measures as well. The point here is not that psycho-
physiological measures are always better or preferable
to self-reports. It is that they offer social scientists add-
itional leverage at measuring important psychological
concepts. We view them as an addition to our methodo-
logical toolkit, rather than a replacement of existing tools.

Conclusions

Collecting psychophysiologically informative data
can be costly and time-consuming, but the potential
value added from these methodological approaches
can complement and extend research on a broad set of
questions of interest to political scientists. We are at a
critical juncture in this area of study, as the community
of interested researchers has the opportunity to come
together and develop rigorous standards for transparent,
systematic, replicable, and robust research. Given the
immense potential of psychophysiological research to
contribute to the discipline, we hope that it will not
become siloed. Our goal in compiling this primer is to
lower the barriers to entry for researchers interested in
(1) incoporating these techniques into their research or
(2) serving as informed, constructively critical reviewers
of research using these approaches.

We summarize the main points from our extended
discussion as follows:

¢ Researchers should rely on theoretical guidance
before measuring psychophysiology. For example,
areresearchers interested in measuring physiological
arousal, emotional states, coping ability, or some-
thing else? Answering these questions first will guide
researchers to appropriate physiological measures.
We provided some reference citations at the begin-
ning of this article that will help researchers navigate
these questions.

¢ Researchers should develop and follow standard
protocols for administering physiological testing.
These standards include settings for the biosensory
equipment, protocols for handwashing, connecting
biosensors, and helping participants relax before the
beginning of the session and remain still during the
session.
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¢ Researchers should develop transparent criteria for
data post-processing and analysis. This includes
procedures for inspecting raw physiological outputs
for anomalies, excluding participants based on data
quality issues, transforming and constructing
physiological variables, and modeling results. We
encourage researchers to make these criteria and
procedures explicit in preregistered analysis plans.

¢ Researchers should conduct sensitivity analyses to
be sure that a particular stimulus or transformation
strategy is not driving their results.

¢ Researchers should report all of the results from
their data anlayses and make data available to other
researchers.
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