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ABSTRACT

The consistency and specificity of autonomic nervous system (ANS) responses during emotional episodes
remains a topic of debate with relevance for emotional concordance. We present a recent model
of how mental states are constructed, the Conceptual Act Theory (CAT), and then review findings
from existing meta-analyses and a qualitative review along with studies using pattern classifica-
tion of multivariate ANS patterns to determine if there is across-study evidence for consistency and
specificity of ANS responses during emotional episodes. We conclude that there is thus far minimal
evidence for ANS response consistency and specificity across studies. We then review the current
understanding of the functional and anatomical features of ANS including its efferent and afferent
connections with the central nervous system, which suggests the need to reformulate how we con-
ceptualize ANS response consistency and specificity. We conclude by showing how this reformulation
is consistent with the CAT, and how the model suggests when we would and would not expect to
see consistency and specificity in ANS responses, and concordance more generally, during emotional

episodes.

Published by Elsevier B.V.

“Were we to go through the whole list of emotions which have
been named by men, and study their organic manifestations,
we should but ring the changes on the elements which these
three typical cases involve. ... We should, moreover, find that
our descriptions had no absolute truth; that they only applied to
the average man; that every one of us, almost, has some personal
idiosyncrasy of expression, laughing or sobbing differently from
his neighbor, orreddening or growing pale where others do not.”
(James, 1890, pp. 447-448)

“The fact is that there are changeable expressions of grief. . . and
the shrunken, cold, and pale condition which Lange describes
so well is more characteristic of a severe settled sorrow than of
an acute mental pain. Properly we have two distinct emotions
here, both prompted by the same object, it is true, but affecting
different persons, or the same person at different times, and
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feeling (italics in the original) quite differently whilst they last,
as anyone’s consciousness will testify. (James, 1890, p. 444)

“Surely there is no definite affection of ‘anger’ in an ‘entitative’
sense” (James, 1894/1994, p. 206)

Even before William James made popular the idea that periph-
eral physiological changes were a crucial feature of emotional
states, scholars and poets had often remarked that feelings were
inextricably entwined with bodily states. These ideas have been a
part of the Western cultural or folk psychology since the time of
Plato (for a more recent history, see Gendron & Barrett, 2009) and
provide a compelling narrative that has stymied repeated attempts
to develop a non-entitative model of emotion. What has been rela-
tively ignored by the folk psychological view, but highlighted by the
quotes from William James above, is the importance of individual
and situational differences even in the physiological manifestations
of emotional and affective experiences. All modern emotion theo-
retical views posit a role for variation in bodily responses during
emotions, but the nature of that variability remains debated. At
one end of the continuum, adaptationist (“basic” emotion) the-
ories and some appraisal theories propose that instances of the
same emotion category either share a pattern of bodily changes
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in common (so variability is error) or there is systematic varia-
tion around a modal bodily response (Ekman & Cordaro, 2011;
Panksepp, 1998; Roseman, 2011; Tracy & Randles, 2011). At the
other end of the continuum, psychological construction theories
propose that each emotion category is populated with a set of
variable instances, where the variation is meaningfully tied to the
situation (Barrett et al., in press; Barrett & Bliss-Moreau, 2009).
Views of emotional concordance across physiological, cognitive and
behavioral emotional response patterns vary across these theoret-
ical frameworks (Gendron & Barrett, 2009; Gross & Barrett, 2011).
Although responses in multiple physiological measurement chan-
nels might be coordinated within an instance (e.g., a heart rate
increase coupled with a systolic blood pressure increase), we con-
sider here whether this coordinated physiological response pattern
is consistent across instances within the same emotion category,
and whether it is specific to that category. A similar compara-
tive review of the literature could instead consider concordance
among physiological, cognitive and behavioral emotional response
patterns. We have focused here, however, on studies assessing
concordance between physiological response patterns and the sub-
jective labels used to define emotion categories. Specifically, we
will consider the strength of the evidentiary base for conclud-
ing (or not) that there is sufficient consistency and specificity of
autonomic changes during specific emotional episodes. Here we
will take as strong evidence of consistency when induction of a
specific emotion category instance results in a directionally con-
sistent change in an outcome measure such as blood pressure, or
in a pattern of measures, across multiple studies. We will take
as strong evidence of specificity when a given emotion induc-
tion results in a consistent outcome that is also distinct from
that evoked by another discrete emotion (i.e., both consistent and
unique). Considering both space limitations and the goals of this
Special Issue, we will focus on the consistency and specificity
of autonomic nervous system (ANS) responses during emotional
and affective states, and then discuss how ANS consistency and
specificity relates to emotional response concordance more gener-
ally.

We begin by providing a brief outline (with section headings)
of a recent theoretical approach, the Conceptual Act Theory (CAT),
that takes variation and individual differences in ANS responses as
phenomena to be explained by an emotion theory (Conceptual Act
Theory: When should we expect consistency and specificity?). Using
this new framework, we propose it might be possible to see con-
sistency and specificity under certain circumstances, not because
the physiological change is driven by a basic biological program as
suggested by some basic emotion theories, but as a result of sit-
uated or embodied concepts that will be particularly likely to be
activated in specific contexts or situations. This theory, guided by
current understanding of both central and peripheral neuroscience,
provides a theoretical framework for proposing hypotheses about
when we would expect to see greater consistency and specificity
of ANS responses in emotional episodes, and when we should see
less. We then briefly review prior cross-study assessments (three
meta-analyses and a qualitative review) of the ANS correlates of
emotion (Review of prior cross-study assessments of ANS consistency
and specificity). We next review studies that have used a multi-
variate modeling approach to look for consistent and/or specific
physiological response patterning for different emotion or affective
states (Multivariate assessments of ANS consistency and specificity).
We then provide an overview of some psychophysiological princi-
ples that must be considered in future studies designed to assess
consistent and specific ANS effects of emotion inductions (ANS and
CNS system features: Impact on consistency and specificity). In the
closing section (Conceptual Act Theory: Hypotheses on Individual
variation, contextual variation and temporal variation), we return
to the CAT, and suggest how it can be applied to understanding

emotional response concordance in the context of individual, con-
textual and temporal variations in emotion responses.

1. The Conceptual Act Theory (CAT): When should we
expect ANS consistency and specificity?

Psychological construction approaches to emotion explicitly
account for and predict the variability in autonomic nervous system
(ANS) responses during instances of the same emotion category
(rather than explaining them as error or as systematic varia-
tion around a modal pattern). Psychological construction relies
on the kind of population thinking that is popular in scientific
accounts of the biological world where categories (such as species)
have fuzzy boundaries. Emotions are not physical (morpholog-
ical) types, but are cognitive categories that contain a variety
of unique instances. The Conceptual Act Theory (CAT, Barrett,
2006, 2011a,b, 2013; Barrett & Satpute, 2013; Barrett, Wilson-
Mendenhall, & Barsalou, in press; Lindquist & Barrett, 2012) is an
example of this approach, where mental states like emotions are
constructed moment to moment using basic processes (or ingredi-
ents) that integrate and make sense of sensory information from
the world and from the body using stored representations from
the past. In this model, instances within an emotion category
vary in their physiological nature, because individual emotional
episodes are tailored to the requirements of the immediate situa-
tion. Changes in peripheral physiological state (including the ANS,
but also endocrine, immune, metabolic, proprioceptive, kinesthetic
and other peripheral changes, which we will collectively refer to
as the somatovisceral state), are combined with sensory informa-
tion transduced via exteroceptive sense organs and with stored
conceptual representations (organized as category knowledge) to
instantiate a current mental state, thereby producing a “situated
conceptualization” (Barsalou, 2005, 2009). This situated concep-
tualization is a prediction of how a person should prepare to act
during a given emotion in a given context. The hypothesis is that
situation-specific, embodied conceptual knowledge is applied to
initial affective predictions (Barrett & Bar, 2009) during the act
of categorization (Barrett, 2006). These affective predictions both
impact a person’s expectations of what is to come, and also can
shift the person’s somatovisceral state such that subsequent affer-
ent traffic from the periphery is changed. Because of the brain’s
heterarchical arrangement, afferent feedback from the periphery
quickly leads to new predictions, and further updating of the situ-
ated conceptualization. Situated conceptualizing is instantaneous,
ongoing, obligatory, and automatic, meaning that a person will
rarely have a sense of agency, effort or control in constructing an
emotion. It rarely happens because of a deliberate, conscious goal
to figure something out. It is via the process of conceptualizing or
the conceptual act, that physiological changes acquire functions
(i.e., meaning) that they do not have on their own (i.e., without
conceptualization). Thus physiological changes play a role in the
conceptual act; they are like a biasing function, with particular
physiological changes more likely to be conceptualized as one emo-
tion or another depending on both the nature of the physiological
change and the specific situated conceptualization used. The situ-
ated conceptualization is the process by which concordance across
physiological, cognitive and behavioral action occurs in a given
instance, although the pattern is not necessarily the same for each
instance of a single emotion category. Thus, a pattern of concordant
emotional responses will occur when a particular situated concep-
tualization is generated, and a similar pattern will be generated
when a very similar situated conceptualization is generated in the
future, although a given emotion category can be represented as a
variety of different situated conceptualizations, depending on the
demands of the situation.
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We hypothesize that any conceptual act is embodied, because
prior experience, in the form of category knowledge, comes “on-
line” with the activation of sensory and motor neurons, and reaches
down to influence bodily changes and/or their representation and
sensory processing. Conceptual acts are also self-perpetuating, such
that experiences created today reach forward to shape the trajectory
of future experiences. In this way, all mental states are embod-
ied conceptualizations of internal bodily sensations and incoming
sensory input. Thus, the act of seeing, or feeling, or thinking is at
once a perception, a cognition, and an emotion. These conceptu-
alizations are situated in that they use highly context-dependent
representations that are tailored to the immediate situation. Thus,
variation in patterns of somatovisceral responses occur across sit-
uated conceptualizations for a given emotion category for three
reasons: (1) different actions are called for in different situations
in which an emotion episode is constructed; (2) the somatovis-
ceral features of an episode can change after the initial affective
prediction is modified by its conceptualization; and (3) concep-
tual knowledge within a category is, itself, a population of multiple
unique instances. The conceptualization of somatovisceral and
other sensory changes does not happen in a step-like fashion, but
is simultaneously occurring with ongoing somatovisceral efferent
changes. Therefore, variation is hypothesized to occur both within
and between instances of the same emotion category.

The variation observed within an emotion category is inherent
to the way that category knowledge is learned and applied during
emotion construction. Initially, when encoding a category instance
of emotion, say anger, for example, we hypothesize that the brain
captures the elements of the setting in which the anger occurs (i.e.,
other agents and objects), internal sensory (i.e., somatovisceral)
cues from the body, as well as actions or instructions from oth-
ers (e.g., in the form of rules) and words (e.g., the phonological
form for “anger” or “angry”). Over time, these situated conceptu-
alizations create a heterogeneous population of information that
is available to represent new instances of the category “anger”.
Later, when the brain utilizes existing conceptual knowledge to
construct an instance of emotion, it samples from the population
of different but related situated conceptualizations associated with
relevant concepts to create a new situated conceptualization, which
integrates current sensory input and retrieved conceptual knowl-
edge. From this perspective, conceptual processing is akin to scene
perception because the brain creates a conceptual state using mul-
timodal information about entire situations. For example, when
another driver cuts off you off in traffic, you might shout as you
slam on the brakes, or gesture to the other driver. When your child
picks up a sharp knife, you might take it from her, or calmly ask
her to put it down. When you hear a news report about a bombing
or hurricane, you might turn up the radio or turn it off. When a
colleague criticizes you in front of a group, you might sit very still
and even nod your head and smile, or you might look away. Dur-
ing these instances, your blood pressure might go up, or down, or
stay the same-whatever best allows you to prepare for the situated
action. Sometimes you will feel your heart beating in your chest,
and other times you will not. Your hands might become clammy or
they might stay dry. Sometimes your eyes will widen, other times
your brow will furrow, or you may even smile. What you feel and
do depends upon the situated conceptualization.!

In the CAT, unlike in some adaptationist emotion views (e.g.,
Ekman & Cordaro, 2011; Panksepp, 1998; Roseman, 2011; Tracy &
Randles, 2011), there is no physical response that is inherited or

! Empirical testing of the CAT requires new statistical methods and experimen-
tal designs which are still being developed. For statistical methodologies and the
philosophy underlying emergent phenomena as proposed in the CAT, see (Barrett,
2000, 2011a; Coan, 2010).

hardwired in the brain for any specific emotion category. Rather,
due to shared cultural concepts and specific personal histories, dis-
tinct configurations of somatovisceral changes occur in particular
contexts. The CAT predicts that there will be ANS variation across
instances within an emotion category and similarities in instances
across categories. The model predicts, for example, that an indi-
vidual will be most likely to activate a specific embodied, situated
instance of a particular emotion when a particular pattern of ANS
changes (and the broader somatovisceral pattern) co-occurs within
a distinctive and frequently encountered context. For example, if
you commute alone by car every day in a big city, you may feel
anger at a driver who cuts you off, and the emotional response may
occur relatively frequently and be relatively similar in this com-
monly encountered and distinctive context. The response may even
become habitual due to the enhanced accessibility of the situated
conceptualization. Distinctive, commonly encountered contexts
like this are more likely to result in a specific pattern of physiologi-
cal, cognitive and behavioral responses. When the context changes
(your child is in the car with you, or the other driver’s actions
were life-threatening, not merely annoying), you instead access a
different situated conceptualization. Even a physiological or behav-
ioral pattern that is relatively specific and consistent in a particular
context for a given individual can be much less so for another indi-
vidual in the same context, depending on the prior learning history.
Similarly, groups of people who share more similar conceptual sys-
tems for specific emotion categories also will be more likely to
have similar (i.e., consistent and specific) ANS response patterns.
This will result in what appears as situational response specificity,
or situation-specific autonomic response patterning (Engel, 1960;
Engel & Moos, 1967), but this will only occur under some circum-
stances, not all. For example, we predict that for many Americans,
a large increase in TPR and a modest increase in heart rate in the
context of having an important goal blocked is especially likely to
lead to activating one among several possible situated conceptual-
izations of “anger.” For those from a different cultural or subcultural
group with different life histories and cultural norms, we predict
that there will be a different (although possibly overlapping) set of
typical situated conceptualizations from which those individuals
will draw when they experience a goal being blocked, depending
on the behavior that they are most likely to execute. Repeated expo-
sure to somatovisceral and situational co-occurrences in early life
or particular genetic propensities also can produce what can appear
as consistency and specificity within an individual for a particular
situated emotional instance and pattern of ANS activation. We now
turn to a review of the literature on ANS consistency and speci-
ficity as an exemplar of possible concordance between a subjective
emotion category or situated conceptualization, and physiological
emotional responses.

1.1. Review of prior cross-study assessments of ANS consistency
and specificity

To date, there have been three meta-analyses and one qual-
itative review of the ANS changes during emotional episodes.
The earliest meta-analysis of this literature first appeared in
Cacioppo et al. (1997; 16 studies), and was updated in Cacioppo,
Berntson, Larsen, Poehlmann, and Ito (2000; 21 studies). In the later
meta-analysis, Cacioppo and colleagues assessed specificity for 20
ANS-related variables across five discrete emotions (anger, fear,
disgust, sadness and happiness). Detailed data on ANS response
consistency (mostly clearly assessed by determining whether a
response to one discrete emotion differs from a control emotion
or baseline) were only reported in the smaller 1997 meta-analysis
which showed that anger differed from a control condition on
heart rate (HR), diastolic blood pressure (DBP), and systolic blood
pressure (SBP); fear differed from control on HR, SBP, the number
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Anger

Fear

Happiness

Sadness

Disgust

Cacioppo et al.
(2000)

Stemmler (2004)?

Kreibig (2010)°

>4 in HR rel. to disgust and
happy; <t in HR rel. to fear

>+ in DBP rel. to fear, happy,
and sad
>NNSCRs rel. to fear

>+ TPR and finger PVA and
<4 in CO and SV rel. to fear
>4 in face temp rel. to fear

>4 in DBP rel. to fear

>4 in TPR rel. to fear

<1 in CO rel. to fear

>4 in facial temp rel. to fear
<4 in resp. rate rel. to fear”

4 in HR

1 in HRV
4+ NNSCR
4 in SCL

+in TPR
| in FPTT

| in face temp

>4 in HR rel. to anger, disgust,
happy and sad

<4 in DBP rel. to anger

>NNSCRs rel. to sad

<4SCL rel. to sad

<4 TPR and finger PVA and
>4 in CO and SV rel. to anger
<4 in face temp rel. to anger

<4 in DBP rel. to anger

<4 in TPR rel. to anger

>4 in CO rel. to anger

<4 in facial temp rel. to anger
>4 in resp. rate rel. to anger®

1 in HR(IT)
4 in HR

| in HRV

1 NNSCR

| in SCL (IT)

1 in SCL

1in TPR

| in FPTT

| in EPTT

| in face temp

| in Expir. Time

<4 in HR rel. to anger
<4 in DBP rel. to anger
and sad

<41SCL rel. to disgust

4 in HR

J in HRV
+ NNSCR

4 in FPTT
4 in EPTT
4 in face temp

| in Expir. Time

>4 in HR rel. to disgust

<1 in DBP rel. to anger;
>4 in DBP rel. to happy
<NNSCRs rel. to fear
>4SCL rel. to fear

1 in HR (NC)

1 in HR (NC)

4 in HR (CR)

1 in HRV (NC)
INNSCR(NC)

1 in SCL (NC)
1 in SCL (NC)
4 in TPR (ANT)

| in face temp (CR and
NC)

4 in Tidal Volume (NC)

<1 in HR rel. to anger,
fear and sad; HR not
diff. from control

>4SCL rel. to happy

| in HR (MT)
| in HR (MT)
| in HR (MT)
4 in HRV (CT)
4 NNSCR (CT and MT)
4 in SCL (CT and MT)

4 in TPR (CT)

4 in Expir. Time (CT)
| in Tidal Volume (CT)

Notes. Variables are usually reported as change from a neutral control or from baseline. >t = greater increase; <t =smaller increase; ># = greater number; <# =fewer. We
report here on the most commonly reported ANS measures for clarity.

2 Stemmler (2004) compared only anger and fear; and for this meta-analysis we report only those effect sizes in which the weighted mean effect size was significant.

b In Stemmler, 2004, respiration rate was the only outcome measure for which the heterogeneity in effect sizes across studies was NOT significant.

¢ The Kreibig review did not compare specific emotions to one another, but rather proposed a modal ANS response pattern for each emotion. Thus, we can distinguish
here only emotions for which the physiological responses across two emotions had a modally different direction of change (see Kreibig's Table 2); we included here only
cases where the modal response direction was observed in a minimum of 3 studies. For heart rate (HR), multiple rows are shown to distinguish responses that differentiated
emotion subforms (per Kreibig), and comparisons are made within a row. Emotion subforms are indicated by the codes in parentheses as follows: for fear, (IT) =imminent
threat vs. typical fear (no abbreviation); for sadness, (CR) = crying or (NC) = non-crying or (ANT) = anticipatory; for disgust, = (CT) = contamination or (MT)=mutilation.
Physiological abbreviations used in the table: CO=cardiac output; DBP =diastolic blood pressure; EPTT =ear pulse transit time; Expir. Time =respiratory expiration time;
facial temp = facial temperature; finger PVA = finger pulse volume amplitude; FPTT = finger pulse transit time; HR = heart rate; HRV = heart rate (or heart period) variability;

NNSCR = number of non-specific skin conductance responses; SCL=skin conductance level; SV = stroke volume; TPR = total peripheral resistance.

of non-specific skin conductance responses (NNSCRs), skin con-
ductance level (SCL), and face temperature; sadness differed from
control on HR, DBP, SBP, NNSCRs, and finger pulse volume ampli-
tude (finger PVA), and happiness differed from control on DBP,
SBP, NNSCRs and SCL. ANS responses did not differentiate dis-
gust from control. From the 2000 meta-analysis, there were only
a small number of physiological dependent variables for which
there was specificity for one versus another emotion induction.
Notably, they observed greater increases in diastolic blood pres-
sure in anger relative to fear, happiness, and sadness (for details,
see Table 1 above). Further, across multiple variables, anger and fear
were most reliably distinguished, differing on HR, DBP, NNSCRs,
total peripheral resistance (TPR), finger PVA, cardiac output (CO),
stroke volume (SV) and face temperature. The authors also noted
high heterogeneity across their meta-analytic findings raising con-
cern about the reliability of the findings across studies perhaps
due to features of particular studies, inductions or samples. The
authors concluded by suggesting that despite a reasonable num-
ber of studies for some physiological variables, there was relatively
little emotion specificity across studies and emotions and that
more studies were needed to provide definitive results (Cacioppo
et al., 2000). Further, the authors conducted a moderated meta-
analysis suggesting greater specificity for positive and negative
emotion states, although the potential differential effects of arousal
across these negative and positive emotions was not addressed, and

happiness was the only positive emotion comparison available. Fur-
ther, the authors acknowledged that the meta-analysis was limited
by the small literature available, and by having effect size estimates
only for univariate, not multivariate patterns.

Several years later, Stemmler (2004) assessed consistency and
specificity in a meta-analysis of 15 studies (8 of which also appeared
in the Cacioppo et al., 2000 meta-analysis) that focused specifically
on whether physiological patterns were distinguishable during
instances of anger and fear (both high arousal negative emotions
for which there was data from a relatively large number of stud-
ies). This meta-analysis examined consistency across 11 autonomic
variables by comparing both fear and anger inductions to control
conditions. Stemmler (2004 ) reported that instances of fear differed
from a control condition on 9 of 11 autonomic variables, failing to
find significant effect sizes only for skin conductance level and facial
temperature. Similarly, instances of anger differed from a control
condition on 10 of 11 autonomic variables. There was, however
significant heterogeneity in most of these analyses, suggesting that
study moderators were impacting the effect sizes. There were too
few studies to assess some moderators, but moderators of the mean
effect size were analyzed when at least 10 studies were available,
thereby limiting the analyses to measures of DBP, SBP, and HR and
induction, between vs. within, and type of control (rest vs. neutral;
see Stemmler, 2004, Tables 2.5, 2.6 and 2.7 for details). Modera-
tor analyses suggested that even holding induction type constant
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or whether the design was between or within-subjects, hetero-
geneity of the consistency effects continued to be significant across
inductions and particularly in within-subjects designs. What can-
not be discerned from these data is whether the heterogeneity of
the effects derived from directionally inconsistent findings across
studies and large variance (such that the mean of the distribution
is not an accurate estimate of the distribution), or if there were a
few outlier studies. The author’s claims for consistency should be
assessed in the context of the moderator analyses, and would have
been facilitated by being able to examine the distributions of the
effect sizes across studies. Despite the heterogeneity, the weighted
mean effect sizes suggest that anger and fear inductions generally
produced consistent univariate physiological effects relative to a
control condition (baseline or a context control).

Stemmler’s (2004) analysis provided more modest evidence for
autonomic specificity during fear and anger (i.e., a direct com-
parison of fear versus anger). Five autonomic response variables
distinguished fear from anger-diastolic blood pressure (DBP), total
peripheral resistance (TPR), cardiac output (CO), facial tempera-
ture, and respiration rate (see details in our Table 1), and the
weighted mean effect sizes were modest (about .20 for all 5 vari-
ables). Like Cacioppo et al. (2000), greater increases in DBP, TPR and
facial temperature and smaller increases in CO were observed dur-
ing anger than during fear. However, a substantial overlap in the
studies (>50% of the Stemmler studies also in the Cacioppo et al.
(2000) analysis) likely contributed to these similarities. The one
variable to significantly differentiate fear and anger and that did not
have a heterogeneous effect size was respiratory rate (Stemmler,
2004, Table 2.4) which increased more during fear than anger.
Results in the moderator analyses were inconsistent, with the
greatest consistency appearing for DBP across three different mod-
erator analyses (see Stemmler (2004), Table 2.5). Thus, there are
not simple differences across inductions or experimental designs
that can explain all of the heterogeneity. Given the importance of
the emotion induction and design moderators in the specificity of
the responses observed, Stemmler (2004) concluded the discus-
sion of his meta-analytic results by discussing the importance of
non-specific features of physiological responses and the role of the
context. His assertion that “Conceivably, a particular context may
render an emotional response unspecific that in a different context
is specific (p. 61)” is wholly consistent with a situated conceptual-
ization viewpoint. What has not been widely appreciated however,
is that “context” goes beyond features of an experiment such as
whether the induction is a “real-life” or imagery-based induction.
What the CAT suggests is that the entire situated conceptualiza-
tion matters, and this can differ even with two inductions both
conducted using imagery.

Lench, Flores, & Bench (2011) recently conducted a meta-
analysis that examined among other variables, physiological
outcomes in 109 emotion induction studies. Crucial for our dis-
cussion, however, the physiological variables were handled in the
meta-analysis in a way that does not permit claims about physi-
ological specificity or consistency. First, effect sizes from studies
with physiological outcomes were not reported for each of the
physiological variables. Rather, the effect size for each physiological
outcome was determined, then combined into an overall phys-
iological effect size for each study, and the overall physiological
outcome effect size was reported for each pair of emotion induction
categories (e.g., anger vs. anxiety) across studies (see Lench et al.,
2011, Table 3). By reporting the physiological outcomes in this way,
we cannot assess any potential patterns in the physiological mea-
sures. Second, effect sizes for certain variables were not analyzed
because they were deemed redundant. For example, the authors
noted that no effect size for respiratory sinus arrhythmia (RSA) was
calculated when both heart rate and respiration rate were reported.
RSA is not, however, a simple mathematical transformation

of heart rate or respiration rate, but rather an estimate of the
variability in the timing of a sequence of heart beats partly due to
changes in respiration. Thus, RSA was incorrectly excluded because
it is not mathematically redundant with either heart rate or respi-
ration rate. The authors did not report which other variables were
considered redundant and thus not included. Taken together, this
meta-analysis does not provide sufficiently detailed physiological
outcome effect sizes to assess consistency or specificity of ANS
responses during emotion instances (for additional discussion of
this meta-analysis, see Lindquist, Siegel, Quigley, & Barrett, 2013).

Finally, Kreibig (2010) compiled a large qualitative review of
134 studies for 35 ANS measures (see Kreibig, 2010, Table 2) that
summarized the physiological responses during 16 different emo-
tions. However, this review did not use meta-analysis methodology
for combining data across studies. Rather, Kreibig (2010) reported
an unweighted “modal” response across papers defined as seeing
the same response direction in the majority of papers and where at
least 3 papers showed the “model” response. There was, however,
no adjustment for study sample size or other quality indicators, and
no quantitative definition of “modal” response direction was given
(e.g., what difference for a given emotion induction category was
considered within error, and thus tabulated as “no change”?). To
permit some comparisons of the patterns proposed in the Kreibig
(2010) review with the meta-analyses of Cacioppo et al. (2000)
and Stemmler (2004), Table 1 depicts only the directionally dis-
tinct responses (i.e., increase, decrease, no change) from Kreibig
(2010) Table 2 for papers where the same directionally distinct
response was observed in a minimum of 3 studies. Thus, we are
limited to assessing consistency with the other meta-analyses for
cases where the direction of ANS response was qualitatively differ-
ent. The Kreibig (2010) qualitative review revealed some potential
issues not apparent in the meta-analyses. First, with more stud-
ies and inductions to consider, Kreibig suggested considering the
possibility that there is more than one type of anger, or what
Kreibig called different “subforms” of emotions like anger, sadness
or disgust. For example, she proposed both a contamination-related
disgust and a mutilation-related disgust. Note that this terminol-
ogy is a departure from the basic emotions approach, and raises
the theoretical question of whether these proposed subforms are
considered new basic emotions or instead contextually-based vari-
ations on ANS patterns of the basic “form”. Second, although in
some cases a “modal” pattern could be discerned, there was still
considerable cross-study variability. The extent of this variability
was difficult to assess due to a lack of quantitative comparisons
and the fact that there was no consideration of study quality or
sample size. Third, this review did not emphasize comparisons
between emotions, which means that this review could not defini-
tively answer whether there is a unique and specific ANS response
pattern for each emotion. Most crucially though, there are relatively
few points of commonality (see our Table 1 for comparisons) across
this qualitative review, and the Cacioppo et al.(2000) and Stemmler
(2004) meta-analyses. Some differences would be expected. First,
the meta-analyses did not distinguish subforms of some emotions
as did Kreibig (2010). Second, cardiac impedance, heart rate vari-
ability, or respiratory-based measures were relatively uncommon
and not included in earlier studies. Even for common measures
like heart rate, skin conductance level, number of non-specific
skin conductance responses, or diastolic or systolic blood pres-
sure, however, there are few similarities. We could discern two
cases of potential similarity across these reviews: (1) an increase
in TPR during anger relative to fear and (2) an increase in the num-
ber of non-specific skin conductance (EDA) responses during fear
relative to non-crying sadness. Even here there are some incon-
sistencies. Although all three reviews revealed an increase in TPR
during anger relative to fear, the meta-analyses revealed a smaller
increase in TPR during fear, whereas Kreibig observed a decrease in
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TPR during fear. Further, Kreibig also observed an increase in TPR
during both anticipatory sadness and contamination-type disgust.
These data suggest that increases in TPR per se are not specific to
anger, although lack of specificity with single variables does not
preclude a possible specific multivariate pattern. In the case of the
increases in non-specific EDA responses during fear relative to non-
crying sadness, this finding was noted in Cacioppo et al. (2000)
and Kreibig (2010), but not Stemmler (2004). Further, Kreibig also
observed an increased number of non-specific EDA responses in
anger, again suggesting that the univariate response is not specific.
Thus, even for these two possible instances of univariate similarity,
multivariate assessments will be required to address the issue of
specificity. As a result of her review, Kreibig proposed modal ANS
response patterns for each emotion. Despite our concerns about
the methods used to qualitatively summarize the literature and
the inconsistencies of this review with the meta-analytic findings,
Kreibig's proposed patterns can provide testable hypotheses for
future efforts to determine whether there are reliable, ANS patterns
of response during emotion inductions.

Given the variability in the literature reviewed thus far, it is
not possible to conclude that there are replicable, emotion-specific
physiological changes across four reviews of the psychophysiolog-
ical emotion literature. The best characterization of these findings
is that the ANS responses during instances of the most commonly
assessed emotion categories (i.e., anger, fear, happiness, sadness
and disgust) were highly heterogeneous across studies. As is clear
from Table 1, however, the evidence for consistency (i.e., that an
emotion induction consistently produces a physiological response
relative to a control condition) is stronger than that for specificity,
echoing Lench et al.’s (2011) observation, but the high hetero-
geneity tempers this conclusion. Consistent evidence that ANS
responses are significantly different from neutral inductions or
baseline, however, arises in part, from the fact that an emotion or
affect induction that does not produce a significant physiological
change from baseline (or relative to a neutral induction) will be
viewed as ineffective, and thereafter, less likely to be used. Further,
none of the reviews from which we could assess consistency or
specificity considered the file drawer problem, namely, how many
studies were run, but not reported? Although it may seem minor,
including unreported studies is considered one of the most critical
features of meta-analyses (Ellis, 2010). A related file drawer con-
cern for meta-analyses of physiological data is the possibility that
some study authors may report only those physiological outcomes
that resulted in significant changes, potentially contributing to a
file drawer problem that will be difficult to quantify. To address this
issue, authors need to report all physiological measures recorded
in future studies, even those that were non-significant.

1.2. Multivariate assessments of ANS consistency and specificity

As noted by the review authors and others, current meta-
analysis tools only permits separately assessing individual ANS
variables, limiting the ability to understand multivariate patterns
which will be critical for addressing consistency and specificity
(e.g., Christie & Friedman, 2004; Harrison, Kreibig, & Critchley,
2013; Kragel & Labar, in press; Mauss & Robinson, 2009; Nyklicek,
Thayer, & van Doornen, 1997; Stemmler, 2003). Recently, a number
of multivariate pattern classification studies have been completed
that attempt to address whether multivariate ANS patterns are con-
sistent and specific. The univariate data suggest limited consistency
for a small number of emotions (potentially anger vs. fear), but has
not (and likely cannot) demonstrate specificity. Existing multivari-
ate pattern classification efforts have instead shown specificity, but
have not shown consistent multivariate patterns across studies or
in the one multi-induction study using pattern classification, not
provided strong evidence of consistency.

In one of the earliest pattern classification studies, Nyklicek
et al. (1997) categorized self-report and physiological responses
during happy, sad, serene or agitated music and to a white noise
control condition. The authors used a multivariate discriminant
function pattern classification approach to reveal three discrimi-
nant functions. Specifically, happy, sad, serene and agitated were
correctly classified in 57.7, 44.9, 42.3 and 41.0% of the cases
(chance =25%; overall hit rate=46.5%). The largest discriminant
function accounted for 62.5% of the explained variance and dis-
tinguished emotions that varied in subjective arousal. The ANS
variables that loaded most on this arousal function were respira-
tory variables (respiratory rate, expiratory time, inspiratory time),
heart period, and RSA. Later work indicated a potential alterna-
tive explanation for these respiratory and RSA findings, namely,
music tempo can entrain rhythmic physiological patterns (like res-
piration and the respiration-related variable, RSA) because some
individuals begin to breathe in rhythm to the music (e.g., Etzel,
Johnsen, Dickerson, Tranel, & Adolphs, 2006; Haas, Distenfeld, &
Axen, 1986) especially when longer, and more strongly rhyth-
mic musical excerpts are used (cf. Khalfa, Roy, Rainville, Dalla
Bella, & Peretz, 2008 with short musical excerpts). If rhythmic
entrainment can account for the most discriminating feature of
the multivariate patterns in this study, then it is not clear that an
affective or emotional explanation is needed. A second discrimi-
nant function, accounting for 27.5% of the explained variance, was
not easily explained and was not considered further. A third dis-
criminant function, accounting for 10% of the explained variance
distinguished emotions that varied in valence. ANS variables that
loaded most on this valence function were heart period, left ven-
tricular ejection time (LVET), and DBP. Again, the possibility that
tempo entrainment could be a powerful source of variance in these
results has to be considered (even for heart period and LVET).

Following on Nyklicek et al. (1997), but using evocative films
rather than music, and a similar discriminant function pattern clas-
sification approach, Christie and Friedman (2004) again revealed
three primary discriminant functions that distinguished patterns
of ANS responses elicited by one film clip each for amusement,
anger, contentment, fear, and sad discrete emotion instances. Neu-
tral and disgust films were classified above chance (17.6% and
20.6% correct classification, respectively; chance = 14.3%), but also
were misclassified as contentment and anger, respectively (see
Christie & Friedman, Table 1), and thus these emotions were not
included in the discriminant function analyses. Amusement was
correctly classified in 32.4% of cases, anger in 38.2%, contentment
in 61.8%, fear in 52.9%, and sad in 38.2%. In addition, two cases
had particularly high error rates, namely neutral was incorrectly
classified as contentment 38.2% of the time, and sadness was incor-
rectly classified as contentment 32.4% of the time. The largest
discriminant function accounted for 58.3% of the variance and dis-
tinguished emotions that that varied in subjective arousal. This
interpretation was bolstered by large factor loadings for mean
skin conductance level (over the entire film period) that were
positively related to activation, and mean successive differences
in beat to beat heart period (MSD; an estimate of overall heart
period variability) that were negatively related to arousal. Both of
these outcomes would be expected for films that resulted in sym-
pathetic activation and/or parasympathetic withdrawal responses
with increased subjective arousal. Again, however, the possibility
that tempo entrainment could be a powerful source of variance in
these results has to be considered. In the future, these effects can
be mitigated by using less rhythmic music, and using music that
does not have strong rhythmicities at frequencies that are com-
mon in the natural variations of the heartbeat (e.g., centered around
0.1 Hz or in the respiratory frequency range of 0.12-0.4 Hz). A sec-
ond discriminant function, accounting for 26.4% of the explained
variance, was not interpretable and was not considered further. A
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third discriminant function, accounting for 14.4% of the explained
variance, distinguished emotions that varied along an approach-
avoidance dimension.> ANS variables that loaded most on this
approach-withdrawal function were heart period, skin conduc-
tance level, mean arterial pressure (MAP) and DBP. Thus, although
both Nyklicek et al. (1997) and Christie and Friedman (2004)
both derived two primary (interpretable) discriminant functions,
the interpretation of the first function as reflecting arousal, was
the same for both studies, whereas the third function was inter-
preted as related to valence by Nyklicek et al. (1997) but related to
approach-avoidance by Christie and Friedman (2004). Only a few
similarities in ANS response pattern were observed, namely, in a
heart rate variability measure related to arousal (RSA in Nyklicek
et al,, 1997; MSD in Christie & Friedman, 2004). Nyklicek et al.
(1997) did not measure skin conductance, the other arousal-related
measure in Christie and Friedman (2004 ) and Christie and Friedman
(2004) did not measure respiratory variables as in Nyklicek et al.
(1997). DBP was associated with the third discriminant function in
both studies, although the interpretation of this function differed
across the studies. Finally, heart period, measured in both stud-
ies, loaded highly on the arousal function in Nyklicek et al. (1997),
but loaded highly on the third discriminant function in Christie
and Friedman (2004). All told, the most consistent finding was that
heart rate variability was associated with the arousal function.?

In a third multivariate study, Rainville, Bechara, Naqvi, and
Damasio (2006) assessed ANS specificity during well-remembered
and intense recollection/relived imagery for experiences of anger,
fear, happiness, and sadness using cardiorespiratory variables (i.e.,
respiration, heart period, and heart period variability). The investi-
gators used an exploratory principal components analysis to extract
five factors (accounting for 34%, 21%, 17%, 11% and 8% of the vari-
ance, respectively) followed by a series of stepwise discriminant
analyses to categorize the recorded ANS patterns into one of the
four emotion categories. Factor 4 did not discriminate among the
four emotion instances and was not used in the subsequent dis-
criminant analysis. Anger was correctly classified in 61.5% of cases,
fear in 72.7%, happiness in 63.6%, and sadness in 64.3% of cases.*
Variables that loaded most heavily on Factor 1 were short-term
heart rate variability measures including the peak-valley RSA, for
Factor 2 were mean respiratory rate, median respiratory ampli-
tude and peak-valley RSA, for Factor 3 were two variables related
to heart period, and for Factor 5 were the standard deviation of
respiratory rate and the standard deviation of respiratory ampli-
tude. Thus, there was little comparability of the factor structure
here with that reported by Nyklicek et al. (1997), or Christie and
Friedman (2004). Here, for example, happy and sad experiences
were differentiated by respiratory variables, although not the same
variables as in the prior work. Given the considerable differences in
the physiological variables chosen across studies, and the different
emotions and inductions assessed, it is not possible to discern con-
sistent cross-study ANS patterns that appear to distinguish emotion
categories.

A critical limitation of the preceding multivariate studies is that
although they assessed multivariate patterns across categories of

2 A fourth, uninterpretable dimension accounted for <1% of the variance.

3 We also note that both of these studies found that discriminant functions were
better able to predict emotion categories using self-reports than ANS outcomes.
The meta-analysis of Lench et al. (2011) similarly reported better discriminability
of emotion categories from self-reports than from broad physiological outcomes.

4 Some participants completed more than one emotion induction, but data were
treated as between subjects comparisons. Moreover, data on correct classification
rates for each emotion were calculated for only 13/15 anger, 11/15 fear, 11/15 hap-
piness and 14/17 sadness inductions. It is not clear why data on the remaining 13
inductions (2 anger, 4 fear, 4 happiness and 3 sadness) were not included in the
discriminant analysis.

emotion inductions (anger, sad, etc.), a single induction type cannot
be used to assess whether the same emotion category, induced in
a different way, produces the same multivariate pattern. Demon-
strating consistency across two different inductions of the same
emotion category would strengthen the inference that a multi-
variate ANS pattern was not idiosyncratic to a particular induction
procedure, and instead more likely due to one versus another emo-
tion. As we will see, however, two recent studies each assessed
more than one induction type across a large number of emotion
instances (Kragel & Labar, in press; Stephens, Christie, & Friedman,
2010), and still the issue of consistency cannot be settled.”

Stephens et al. (2010) used music and film clips designed to
elicit two inductions each of amusement, anger, contentment, fear,
sadness, surprise and a neutral (control) emotional state® and mea-
sured the electrocardiogram (e.g., heart period, RSA), impedance
cardiogram (pre-ejection period or PEP, LVET, stroke volume, car-
diac output, total peripheral resistance), vascular measures (SBP,
DBP, MAP), respiration (respiratory rate, inspiratory time, expira-
tory time), and skin conductance level over the final 60 s of each clip.
Stephens et al. (2010) used pattern classification analysis followed
by cluster analysis to categorize ANS patterns for each emotion cat-
egory. Using the ANS response data for music and film inductions,
respectively, amusement was correctly classified in 32.7 and 46.9%
of cases, anger in 49.0 and 28.6%, contentment in 36.7 and 51.0%,
fear in 32.7 and 22.4%, neutral 44.9 and 38.8%, sadness 34.7 and
34.7%,and surprise in 32.7 and 59.2% of cases (chance = 14.3%). Only
univariate physiological data, aggregated across the two inductions
were reported, thus making it impossible to discern the multivari-
ate ANS patterns associated with each emotion state. From the
depicted univariate data (Stephens et al., 2010, Fig. 1), the mean
change scores for most of the dependent variables do not differen-
tiate between emotion categories at the univariate level. Exceptions
include: (1) heart period (IBI in their Fig. 1), which lengthened less
in contentment and sadness than for other emotion instances, (2)
respiratory rate, which decreased in surprise relative to other emo-
tions, and (3) skin conductance level, which was below the baseline
level for contentment and sadness, but increased for amusement,
fear and neutral instances. These findings show little concordance
with the findings in the earlier univariate studies, or with the mul-
tivariate studies just reviewed.

In a similar vein, Kragel & LaBar (in press) used a pattern classi-
fication approach, here a support vector machine algorithm, with
a randomly chosen half of the participants’ data used to train the
algorithm, and halfto test it (with this process repeated 100 times).
These investigators used both music and film inductions (most
of them identical to those of Nyklicek et al., 1997, and Christie &
Friedman, 2004, respectively) of fear, anger, sadness, surprise, con-
tentment, amusement, and a neutral condition within-participants
(two clips for each of the seven emotion conditions), and recorded
cardiac, respiratory, heart rate variability and gastrointestinal ANS
measures.” ANS pattern classifiers exceeded chance levels (overall
accuracy 58.0%; chance=14.3%; hit rates for correctly predicting
each of the seven emotion instances about 20-25% from Kragel &

5 Other prior studies used similar approaches to distinguish between just two
emotions and a neutral condition (Kolodyazhniy, Kreibig, Gross, Roth, & Wilhelm,
2011; Kreibig, Wilhelm, Roth, & Gross, 2007; Sinha, 1996) or to distinguish between a
small number of laboratory-induced stressor states (Allen, Boquet, & Shelley, 1991).

6 Stephens et al. (2010) used primarily music and film clips from NyKklicek et al.
(1997) and Christie and Friedman (2004).

7 Several of the ANS variables used in Kragel & Labar (in press) reflect phenomena
that change on a relatively slow time scale, including normogastria at a typical
3 cycles/min, and both low (0.04-0.15 cycles/s) and very low (0-0.04 cycles/s) fre-
quency heart period variability. For these variables, the short epochs used (i.e., 124
seconds) are likely to result in low reliability estimates since the number of cycles
sampled will be few.
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LaBar’s, in press, Fig. 3). Again, however, the power of using mul-
tiple inductions was not fully brought to bear on the classification
process. Rather than determining the physiologically-based classi-
fier on one induction and assessing its goodness of fit to the other
induction (or using one replicate to train the algorithm and the
other to test it), all data from each participant were used either
for training (N =10) or testing (N =10). Thus, inductions were never
pitted directly against one another. Although the authors report
that “post-hoc tests comparing the accuracy of classification on
instances of film versus music induction did not reveal a significant
difference (z=0.89, p=.374), indicating that emotion specific pat-
terns did not vary significantly as a function of induction method,”
this logic is flawed because the classifiers were not determined
separately for the two inductions. This test reveals only that agree-
ment with predefined emotion categories was not different across
the induction instances. Moreover, several design choices, namely,
a small sample (N=20) and relatively short inductions (approx.
124 sec each) together with no direct cross-induction assessment of
ANS patterns suggests that these classifiers still require further test-
ing, specifically across inductions, and in a new set of participants
(i.e., a cross-validation sample).

Despite several ever-improving attempts at multivariate ANS
pattern classification for discrete emotion categories, the question
of whether there are consistent and specific multivariate ANS pat-
terns remains unanswered. Moreover, none of the authors of these
multivariate studies provided the equations for their discriminant
functions, which would permit a specification of the multivariate
ANS pattern and facilitate comparisons across studies.

Another multivariate technique, profile analysis, has also been
used to examine whether there are consistent and specific multi-
variate emotion profiles (Stemmler, 1988, 1989, 2003; Stemmler,
Aue, & Wacker, 2007; Stemmler, Heldmann, Pauls, & Scherer, 2001).
Specifically, Stemmler and colleagues have used multistage dis-
criminant analysis to identify profile levels (the average intensity of
an autonomic change), profile scatter (differences in response mag-
nitude across multiple ANS variables) and profile shape (the overall
configuration or pattern of ANS changes). Advantages of this tech-
nique are that it can both determine statistical differences across
all three profile features, and identify the multivariate patterns that
have thus far usually remained unidentified in multivariate pat-
tern classification studies. A disadvantage of the profiles strategy is
that the graphical representations of the profiles (either depicted
as standard scores for all ANS variables or as profile plots; (e.g.,
Stemmler, 2003) can be complex to interpret in the context of
multiple emotions. As a result, this technique has been predom-
inantly used in comparing a small number of emotion categories,
most commonly anger vs. fear. For this pair of emotion concepts,
Stemmler et al. (2007) reported a cross-study correlation of 0.53
between the effect sizes of the physiological profile responses to
anger and fear in Stemmler et al. (2001, 2007) using different
induction contexts across the two studies. These data suggest an
important role for context since physiological response profiles in
one study only accounted for 28% of the variance in the physiolog-
ical response profiles of the other study despite being conducted
within the same lab, and thereby minimizing methodological vari-
ance. Using these multivariate strategies, Stemmler and colleagues
have rejected the claim of absolute ANS specificity for anger vs.
fear (Stemmler, 1989; Stemmler et al., 2001, 2007), and it remains
to be determined whether some more constrained specificity (e.g.,
specificity within contexts, but not necessarily across contexts as
proposed by Stemmler, 1992) is still to be found. Multivariate
approaches will likely be critical in this determination.

The meta-analytic and qualitative reviews, and the multivariate
evidence described above reveal considerable variation in ANS
responses for a given emotion category across studies (where ANS
patterns can be discerned). Low concordance of ANS response

patterns for a given emotion category across studies could arise,
at least in part, from constraints inherent to ANS measures which
can limit our inferences, and we now turn to describing several of
these features.

1.3. ANS and CNS system features: Impact on consistency and
specificity

It has been observed in many studies that there is greater vari-
ability in ANS response specificity across emotion categories than
in self-reported experience during episodes of the same emotion
category (when defined by experimenters’ a priori classification of
stimuli; Christie & Friedman, 2004; Kragel & Labar, in press; Lench
etal.,, 2011; Nyklicek et al., 1997; Stephens et al., 2010). We outline
three basic features of the ANS and CNS that will contribute to this
greater variability and thus provide important boundary conditions
on when it will be possible to see consistency and/or specificity
of ANS responses for instances of an emotion category (e.g., like
‘fear’, ‘anger’ or ‘happiness’). These include: (1) The Laws of Auto-
nomic Constraint (Berntson, Cacioppo, & Quigley, 1991; Berntson,
Cacioppo, & Quigley, 1993; Berntson, Cacioppo, Quigley, & Fabro,
1994), (2) the interplay of afferent and efferent ANS traffic to and
from the CNS that modulates physiological and behavioral adap-
tations as emotions unfold over time, and (3) situational response
specificity (SRS) and individual response specificity (IRS). SRS refers
to the idea that specific situations (or experimental paradigms)
tend to result in similar ANS responses across individuals, whereas
IRS refers to the idea that individuals can have specific but idio-
graphic patterns of ANS response to emotional episodes or other
psychological events.

The Laws of Autonomic Constraint. The Laws of Autonomic Con-
straint (Berntson et al., 1991; Berntson, Cacioppo, & Quigley, 1993;
Berntson, Cacioppo, Quigley, et al., 1994) describe limitations on
how the viscera innervated by the ANS can alter the extent of
possible consistency and specificity of ANS-mediated changes in
organ response during emotion inductions. Some organs, like the
heart, receive efferent ANS input from the CNS via both sympa-
thetic and parasympathetic autonomic branches (Berntson et al.,
1991, 1993; Brading, 1999; Loewy & Spyer, 1990). Although these
two branches of the ANS commonly operate in a reciprocal “mode”
(i.e., sympathetic activation is accompanied by parasympathetic
withdrawal or vice versa), this is by no means the only mode pos-
sible. Uncoupled modes (i.e., activation in one branch increases or
decreases in the absence of any change in activation of the other)
or coactivational modes (activation in both branches increases or
decreases simultaneously) are also possible, and these occur more
commonly than is generally appreciated (Berntson et al., 1993;
Paton, Nalivaiko, Boscan, & Pickering, 2006). One critical impli-
cation for our discussion here is that some variables, like heart
period® that are commonly used to assess the specificity of the
ANS responses during an emotion episode are multiply determined
by both autonomic branches. As a result, heart period viewed in
isolation can obscure systematic and meaningful variance in the
changes in the two underlying autonomic inputs because differ-
ent configurations of sympathetic and parasympathetic input can

8 We use the term heart period here, rather than its inverse, heart rate, which
is more commonly reported in the emotion literature because prior work revealed
that the relationship between parasympathetic and sympathetic activation is more
nearly linearly related to changes in heart period than in heart rate (Berntson et al.,
1993; Quigley & Berntson, 1996). Thus, a one unit change in parasympathetic (or
sympathetic) activation results in approximately a one unit change in heart period
regardless of the basal heart period. The same is not true of heart rate changes which
are affected by the baseline heart rate. We advise that especially when comparing
groups with very different basal cardiac rates or for inductions that cause large
changes in rate, that heart period be used.
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lead to the same heart period change (Berntson et al., 1991). To
address this issue, we advise investigators to include measures to
estimate the sympathetic and parasympathetic contributions to
a heart period change (Berntson, Cacioppo, Binkley et al., 1994;
Berntson, Cacioppo, & Quigley, 1994). Moreover, two of the Laws of
Autonomic Constraint, the Law of Reactive Lability and the Law of
Directional Stability, demonstrate limitations that will impact the
consistency of ANS responses to emotion inductions. For exam-
ple, the Law of Reactive Lability was coined to describe the idea
that different modes of control can produce a smaller or larger
ANS response even with an equivalent increment or decrement
in sympathetic or parasympathetic activation. For example, for an
equivalent basal heart period, a reciprocal mode resulting from a
one unit increase in sympathetic activation accompanied by a one
unit decrease in parasympathetic activation will produce a larger
heart period response than an uncoupled mode in which the same
one unit increase in sympathetic activation occurs with no change
in parasympathetic activity. In turn, this uncoupled response will
be larger than that produced by a coactivational mode consisting of
aone unitincrease in sympathetic activation and a one unitincrease
in parasympathetic activation (which will cancel one another and
produce no change in organ response). So, reactive lability is largest
for reciprocal modes, and smallest for coactivational modes, all else
being equal.

Another ANS feature, the Law of Directional Stability, describes
how coactivation in particular, can produce directional instability
in the cardiac response because the two branches produce oppos-
ing effects on the target organ. Depending upon the extent of
activation in one branch versus the other, the response direction
can differ. For cardiac responses like coactivation characterized by
directional instability, across-study and across-individual effects
of emotion episodes will be highly variable (i.e., less consistent
and reliable) than cardiac patterns due to reciprocal activation
where both branches are producing a similar effect on the organ
response. Kreibig (2010), for example, suggested that coactivation
might characterize the cardiac response to a contamination-
related, disgust-eliciting stimulus, although this has not yet been
shown across more than a couple of studies in which both sympa-
theticand parasympathetic effects were measured. A coactivational
effect on the heart would be consistent, however, with Kreibig’s
(2010) qualitative review in which the modal cardiac response was
either a heart rate increase (i.e., a heart period decrease) or no
change in the cardiac response to stimuli evoking an instance of
contamination-related disgust. We reinforce the aforementioned
advice to measure parasympathetic and sympathetic changes that
impact heart period because as these data make clear, the mode of
ANS control is not determinable from heart period alone.

A final ANS feature, the Law of Dynamic Range, also illustrates
how ANS responses can be constrained because there is a limit on
the extent to which each ANS branch can impact organ output,
termed the dynamic range. When heart period, for example, is near
a physiological limit inherent to the operating characteristics of the
ANS effects on the heart, there is a constraint on how much more
heart period can change. For example, if parasympathetic activity
is relatively low (i.e., near zero as would happen during intense
exercise), then heart period will be relatively short (i.e., a fast heart
rate), and further parasympathetic withdrawal will be minimized,
thereby limiting additional parasympathetically-mediated short-
ening of heart period (although changes in sympathetic activation
may still be able to further reduce the heart period). Thus, the cur-
rent state of an individual’s ANS-regulated physiological systems,?

9 Because of our focus on the ANS, we leave aside the complementary, interac-
ting, and critically important roles of other physiological regulatory systems like the
endocrine and immune systems.

and the operating characteristics governing changes in activation of
those systems, importantly determine what physiological changes
can be observed. Physiological changes associated with emotion
episodes will only be measurable and then replicable across studies
if the current physiological context permits changes. The decreased
heart period sometimes observed during a fear induction, for exam-
ple, can be small or even non-existent if parasympathetic activation
is already near its lower limit such that further parasympathetic
withdrawal is not possible. Finally, emotion inductions must be
potent enough to take precedence over other concurrent physiolog-
ical needs. This latter point has been made by several authors (e.g.,
Harrison et al., 2013; Mauss & Robinson, 2009; Quigley, Lindquist,
& Barrett, in press; Stemmler & Wacker, 2010), yet its implications
have not sufficiently permeated the experimental methods of affec-
tive science. Laboratory paradigms remain frequently tepid, often
due to ethical constraints, but likely unrepresentative of the full
range of emotions (especially intense ones) as they occur in the
real world outside the laboratory. For an excellent treatment of
the need to study emotion both inside and outside the laboratory,
see Wilhelm and Grossman (2010). Laboratory inductions are most
likely to produce ANS responses of small to moderate effect sizes
that can be masked by other ANS-mediated bodily changes (e.g.,
during exercise) or blunted by physiological system limits (e.g., the
smaller additional increases in sympathetic activation that are pos-
sible in a standing person than one who is supine). For example,
investigators can address this issue by determining, where possi-
ble, if observed responses could be constrained by occurring too
near a boundary (see Berntson et al., 1993; Berntson, Uchino, &
Cacioppo, 1994), which includes considering whether medications
could be preventing an autonomically-mediated response, whether
pathophysiological states are impacting the basal ANS state for
some individuals, or whether developmental constraints could be
limiting changes in ANS response.

Thus far, we have considered how the Laws of Autonomic Con-
straint impact ANS-mediated responses. However, there is also
notable regional and organ specificity of ANS responses that also
impact the extent of possible ANS specificity and consistency.
Historically, regional specificity was well documented for parasym-
pathetic effects on the visceral organs, but is now understood to
also characterize sympathetic efferent effects on the viscera. This
contrasts with a traditional, but incorrect view of the sympathetic
nervous system as activating in a unitary or “mass” fashion across
all systems of the body (Janig, 2003; Morrison, 2001). Thus, situated
stimuli that lead a person to prepare to run can increase blood flow
to the lower limbs, but not necessarily to the arms (e.g., Anderson,
Wallin, & Mark, 1987), reflecting ANS changes that are exquisitely
tuned to overall organism needs. This regional specificity means
that we should expect to see variability in the autonomic changes
observed with emotion inductions as the body coordinates mul-
tiple physiological changes required to best meet current needs.
Further, the state of the body prior to the onset of an emotional
episode will play a role in the ANS response that is observed during
the emotional episode. Because of the operating features described
by the Laws of Autonomic Constraint, and the regional specificity
of ANS responses that will vary with current physiological needs,
there will be practical limits on the extent of possible consistency
and specificity of ANS changes during emotional episodes across
people and across situations.

Efferent and afferent ANS communication with the CNS. Another
operating feature of the nervous system that can create response
variability even for emotional episodes from the same emotion cat-
egory stems from the constant interplay of efferent and afferent
neural traffic between the ANS and CNS (see Harrison et al., 2013;
Kleckner and Quigley, in press), and how this ongoing afferent and
efferent traffic impacts ANS responses during emotion episodes
as they unfold over time. The neural networks in which this
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central-going (i.e., afferent) and peripheral-going (i.e., efferent)
neural traffic flows occur have been described as having a heterar-
chical arrangement (Berntson, Cacioppo, & Sarter, 2003; Berntson,
Sarter, & Cacioppo, 2003). A heterarchical arrangement implies
that neural traffic does not have to flow in a stepwise fashion
through anatomically nearby networks, but can also flow to and
from both nearby and more distant networks, including directly
from the forebrain to the hindbrain (i.e., without the need to pass
through intermediary networks). In this way, afferents quickly con-
vey information across multiple anatomically distributed networks
in the CNS to provide sensory and somatovisceral information
about the periphery. Similarly, efferents arising from forebrain
networks can directly modify networks across the neuraxis, includ-
ing direct impact on hindbrain motor or physiological pattern
generators or reflexes that support behavioral adaptations like
fight and flight. Autonomic efferent signals are generated via CNS
circuitry that includes brain regions spanning the neuraxis from
cortical networks involving the orbitofrontal cortex and insula to
medullary areas like the nucleus tractus solitarius and hypothal-
amus which receive afferent inputs from peripheral organs, the
dorsal motor nucleus of the vagus and nucleus ambiguus which
contain the parasympathetic efferent cell bodies, and the ventro-
lateral medulla which contains the sympathetic efferent cell bodies.
Critically, these widely divergent neuroanatomical loci are highly
interconnected (Craig, 2002, 2009; Critchley, 2005; Critchley &
Harrison, 2013; Harrison et al., 2013; Loewy & Spyer, 1990). A
well-known example of direct cortical influence over a hindbrain
reflex occurs when psychological stressors dampen the gain of the
baroreceptor-heart rate reflex (Steptoe & Sawada, 1989). Under
non-stressful conditions, blood pressure increases are sensed by
baroreceptors in the aorta and large arteries, and cause reduced
heart rate and vasodilation. The reduced heart rate and vasodilation
buffer the increase in blood pressure and help return blood pressure
to its basal level. However, under distress, the gain or relationship
between a given change in blood pressure and the extent of heart
rate reduction is blunted. This permits both blood pressure and
heart rate to increase simultaneously in support of increased car-
diac output that may be needed to support large muscle action. This
modulation of a basic physiological reflex illustrates the potency
of the heterarchical arrangement of the CNS, and the constant
interplay of both afferent and efferent changes in the ANS that
permit constant readjustment of the peripheral milieu and of CNS
activity. The interplay of afferent and efferent effects is also inher-
ent in the aforementioned data showing that musical tempos can
entrain peripheral physiological systems via respiratory changes
(Etzel et al., 2006; Haas, Omura, Constable, & Canli, 2007). Respi-
ratory entrainment provides a peripheral physiological mechanism
that can impact the physiological change that occurs when music is
used to induce an emotional episode. Since both efferent and affer-
ent ANS influences co-occur and together unfold over time during
an emotional episode, both must be considered in understanding
the ANS changes that occur during emotional episodes (Harrison
et al,, 2013; Kleckner & Quigley, in press).

Situational response specificity and individual response specificity.
Any emotion-specific ANS patterns also will be limited by situa-
tional response specificity (SRS) and individual response specificity
(IRS) which describe variation in autonomic responses as a function
of either the situation or the individual, respectively. These charac-
teristics of psychophysiological responses were described by early
psychophysiologists (Davis, 1957; Engel, 1960; Engel & Bickford,
1961; Engel & Moos, 1967; Lacey, 1967; Lacey & Lacey, 1958) who
emphasized that there are two major sources of variation that can
lead to similar ANS responses during emotion episodes (or other
psychological events; for a brief review of the early history of these
concepts, see Friedman, 2010). These constructs are often assessed
in different types of studies, with those taking a nomothetic

approach assessing SRS, and those taking an idiographic approach
assessing IRS. However, these sources of variance in ANS responses
are both operating to varying degrees when people experience an
instance of an emotion. Psychology has a strong history of using
the nomothetic approach, given that a major goal of psychology
has been to determine generalizable “laws” of human behaviors,
thoughts and feelings. Stemmler (1989), Stemmler et al. (2001)
and Stemmler & Wacker (2010) have conducted several notable
studies demonstrating the importance of context (i.e., differences
across emotion inductions) in ANS patterns, and demonstrated
that the situational context can impact the extent of IRS (Marwitz
& Stemmler, 1998; Stemmler & Wacker, 2010). Often, however,
investigators have been less attentive to the variance attributable
to the individual, instead treating this variance as “noise” in
nomothetically-oriented analyses. Some of the inconsistency
observed in ANS patterns during emotion inductions stems from
this idiographic variation, which can be observed both in how
evocative the inducing stimuli are for a person and the person’s
ANS responsivity. Inconsistencies due to IRS are not frequently
modeled or accounted for in nomothetically-oriented studies, and
in the future they should be, because they are an important source
of variation that will appear to reduce any observed specificity
and consistency of ANS patterns during emotion inductions. We
now return to the CAT theoretical framework and consider how
variation across the individual, context and time (and the interac-
tion of the individual within a context) is central to understanding
concordance of emotional responses during emotional experience.
Using the CAT framework, we will describe how the consistency
and specificity of ANS responses during emotional episodes can be
affected by these different sources of variation.

2. Conceptual Act Theory: hypotheses on individual
variation, contextual variation and temporal variation

The CAT proposes novel hypotheses about ANS consistency and
specificity, and demonstrates the need to explicitly model variation
in ANS responses during emotional instances that occur (1) across
individuals, (2) across contexts, and (3) as an emotional experience
unfolds across time.

Individual variation. First, we hypothesize that ANS specificity
for a given emotion category will be greatest for individuals who
have a more similar population of situated conceptualizations
from which they draw when constructing an emotional state in a
given situation or induction context. If the prediction for a situated
action is the same across instances of the same emotion category,
then the ANS pattern also will be more similar. Furthermore, when
a situation calls for one of only a relatively constrained number
of possible actions, then the ANS pattern of response should be
more similar than in situations that permit a greater variety of
possible actions. ANS responses also can differ across two people,
even when the situated action is constrained, because each person
draws from a different population of situated instances for a given
emotion category. To test these hypotheses, scientists must sample
not only individuals but also contexts in which emotions arise (a
point we address in the next subsection). A growing number of
studies are designed explicitly to capture heterogeneity within
emotion categories both within individuals and across cultures
(Ceulemans, Kuppens, & Van Mechelen, 2012; Hortensius, Schutter,
& Harmon-Jones, 2012; Kuppens, Van Mechelen, & Rijmen, 2008;
Kuppens, Van Mechelen, Smits, De Boeck, & Ceulemans, 2007;
Nezlek & Kuppens, 2008; Stemmler et al., 2007; Stemmler et al.,
2001; Wilson-Mendenhall et al., in press; Wilson-Mendenhall,
Barrett, Simmons, & Barsalou, 2011). Importantly, scientists can-
not define a person’s emotional response by the type of stimulus
delivered, rather the person’s conceptualization of the stimulus
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is what matters, and this should be measured. Also, knowing
more about the conceptual structure, accessibility, and extent
of variability of an individual’s population of situated emotion
concepts could also provide empirical leverage for understanding
individual differences in ANS patterning. In what situations do
two people tend to draw upon similar situated concepts, and in
what situations is their population of situated conceptualizations
likely to be different? And what are the consequences for ANS
patterning during emotion instances for a person who has a large
and varied population of situated concepts from which to construct
an emotional experience versus for a person with a smaller or more
constrained population of situated concepts? Very similar kinds of
questions can be posed when considering behavioral and cognitive
response patterns as well. Our hypothesis is that the population
of situated conceptualizations on which a person draws in a given
situation will contribute to the extent of response concordance
across cognitive and behavioral response domains as well.

Contextual variation. The CAT also emphasizes the need to assess
ANS response patterns during emotion instances across individ-
uals nested within multiple contexts. Only then can we assess the
extent of variation due to IRS and SRS (for a related approach to
understanding the role of context in ANS responses, see Marwitz &
Stemmler, 1998; Stemmler, 1992; Stemmler et al., 2001; Stemmler
& Wacker, 2010).'° Within the CAT, the more culturally normat-
ive the emotion induction used in the lab, and the more culturally
homogeneous the sample, the more likely it is that similar patterns
of both peripheral physiological response and emotion self-reports
will be seen across individuals (i.e., stronger SRS). Conversely, this
model also suggests that greater variation across individuals (i.e.,
weaker SRS and stronger IRS) will be found when the emotion
inductions are less culturally (or subculturally) normative, when
situations are unfamiliar, or when inductions activate a complex
blend of emotion concepts because of the greater variety of con-
cepts that could be activated. Even in these cases, however, there
may be homogenous subgroups with similar responses, such as
groups of individuals who because of a similar personal or cul-
tural history, tend to draw on similar situated concepts especially
under constrained circumstances like the psychological labora-
tory. For example, those living in Boston, Massachusetts who were
recently exposed to the distressing sights and sounds of the Boston
Marathon bombings and barrage of local media coverage are more
likely to activate a situated fear concept when seeing a picture
of marathon runners than those with minimal exposure, at least
until the tendency to co-activate “marathon” and “fear” as part of
a new situated concept becomes weakened by subsequent non-
threatening information about marathons and runners. In this way,
new situated concepts arise and weaken as aresult of newly learned
contextual information, producing an ever-changing population of
situated instances from which people can draw when constructing
new emotional experiences. Effects of context in altering concepts
over time will likewise affect concordance of cognitive and behav-
ioral features of emotional response patterns.

Temporal variation as an emotional episode unfolds. A third
hypothesis is that ANS changes during emotional episodes must
be studied and understood as they unfold over time, because these
responses will change as conceptualizations occur and change over
time, and because both afferent and efferent ANS changes unfold
over the course of an emotional episode. The previously described

10 Stemmler (1992) also notes that to demonstrate a form of absolute emotion
specificity, one would need to show that the same emotion produces the same phys-
iological response profile across two (or more) contexts. However, in his papers
assessing ANS response specificity, there was no evidence of absolute specificity
(Stemmler, 1989; Stemmler et al., 2001), consistent with both Stemmer’s Compo-
nent Model of Somatovisceral Response Organization and the CAT.

heterarchical organization of the nervous system provides a neural
substrate for this critical feature of the CAT because heterarchi-
cal connections support frequent and obligatory predictions about
what one expects to occur next (i.e., hypothesis generation; Bar,
2007, 2009; Bar et al., 2006; Barrett & Bar, 2009). Predictions
based on coarse (gist-level) visual sensory information that quickly
reaches the frontal cortex permits a person to respond faster and
more adaptively to an ever-changing internal and external con-
text. Barrett and Bar (2009) proposed that people make affective
predictions, using internal sensory information. Early gist-level
predictions about objects in visual consciousness are constructed
when internal sensations occur that are associated with prior expe-
rience of a similar gist-level visual representation. These affective
predictions are one type of conceptual act whereby human brains
constitute an emotional mental state.

The ubiquity of these predictive processes using both
internal and external contextual information complicates
attempts to understand emotion in laboratory-based experi-
ments. In many experimental designs, we typically assume a
stimulus-response-output framework for our experiments as
if each response to a new stimulus begins with the organism
in some presumed stable “basal” internal state to which they
return after each stimulus or that any change in “basal” state is
unimportant variation. But, this assumption is likely wrong on at
least two counts. First, if we think of the brain as a predictor, then
over the course of any experiment (particularly one with many
within-subjects conditions or emotion inductions), participants
are building a mental model (i.e., generating hypotheses) about
what is going to come. These predictions change the neural context
in which each subsequent stimulus is processed. Second, gener-
ated hypotheses about what is to come can cause anticipatory
shifts in somatovisceral state that mean that people do not start
each emotional episode with the same internal state as when
they began. To add further complexity, some inductions generate
physiologically potent changes in mental state (e.g., rumination or
mental fatigue), that can lengthen or shorten the effect of emotion
inductions and impact the induced changes in physiological state.
For example, consider the prolonged increase in “basal” systolic
and diastolic blood pressure responses for at least 10 min following
a harassing mental arithmetic task and an avoidance of shock task
(Glynn, Christenfeld, & Gerin, 2002). A person’s starting point,
in terms of their current internal and external context when a
stimulus is encountered, is also important in determining which
among several possible concepts is activated. Thus, regardless
of the duration of a baseline period, one basal state may not be
equivalent to another one. Techniques like the vanilla baseline
(Jennings, Kamarck, Stewart, Eddy, & Johnson, 1992) in which a
bland, easy task (e.g., counting colored squares) is used to “stan-
dardize” the mental state of participants in a psychophysiological
experiment are helpful for minimizing rumination that can occur
after emotional stimuli. This procedure, however, does not address
the issue that sentient participants create a mental model that
updates over time in the experiment when they encounter new
stimuli and have new mental experiences. The mental context
changes over time in the experiment (as it does in real life). Future
empirical work will need to take into account these temporal
dependencies that can influence how emotional experiences are
constructed.

Finally, the CAT reminds emotion researchers that in inter-
preting experiments, it is important to resist the temptation
to essentialize. Temptations are everywhere. As an analytic
approach, scientists can use pattern classification techniques
with psychophysiological or brain imaging data to attempt to
find a multivariate pattern of variables that are repeatable across
instances of a category, and to classify new instances of that
category. The temptation, of course, it is to interpret these patterns
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as the essence of each category. Yet, diagnosis is not explanation. A
pattern represents features that are repeatable, and are diagnostic,
but this does not mean that those features are sufficient for
representing all that is meaningful and important about each and
every instance of the emotion. For example, it would instead be
consistent to hypothesize that an instance of an emotion category,
such as anger, could be modeled as an N-dimensional pattern of
physiological response, or a brain state (or a series of brain states)
constituted by interactions between widely distributed networks.
Further, some parts of this pattern will be repeatable across
instances of the category, but these parts, in and of themselves,
would be insufficient for understanding any given instance - that
is, there may be some aspects to the interactions that are unique
and important to understanding and explaining that instance. Such
a modeling approach is consistent with a psychological construc-
tion assumption that all semantic categories, even those that are
highly abstract and man-made categories (i.e., those without an
essence) can have characteristic patterns of activation within the
human brain (e.g., Naselaris, Prenger, Kay, Oliver, & Gallant, 2009).

3. Conclusions

As the quotes from William James (1890, 1894/1994) with
which we began suggest, there is considerable variability in the
ANS response during emotions that differentiate people and situ-
ations, and that can unfold differently over time across different
instances of a given emotion category. We propose that the same is
true of cognitive and behavioral emotional response patterns. The
CAT framework considers this variation as a critically important
aspect of emotional mental states that should be modeled in studies
of potential consistent and specific ANS responses during emo-
tion episodes. This framework requires that emotion scientists take
seriously the importance of an individual’s situated conceptualiza-
tions because they will influence any potential ANS consistency and
specificity. Or more broadly, physiological, cognitive or behavioral
concordance will only be apparent once we understand variation in
these conceptualizations as they occur across individuals, context,
and time.
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