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Abstract

An extensive body of research on human and nonhuman animals has examined responses to clear valence, including
stimuli that either represent a relatively clear threat (e.g., electric shock) or a clear reward (e.g., money). But daily
life is replete with events or situations that are ambiguous—they could be threatening and/or rewarding. This article
describes work that examines the wide interindividual variability with which humans respond to this dual-valence
ambiguity. Although some individuals more readily categorize these events as negative, others are prone to arrive at
more positive categorizations. This predilection to lean in a more negative versus positive direction represents a stable,
trait-like difference and is referred to as “valence bias.” Valence bias is generalizable across categories of dual-valence
ambiguity and has important implications for health and well-being. Here I focus on extensive findings that lend
support for the initial negativity hypothesis, which posits that the initial or default response is negative across people
and that positivity relies on an additional regulatory mechanism that helps to overcome the initial negativity. I also
describe the cognitive and brain mechanisms underlying the valence bias, including emphasizing the importance of a
broad set of systems that support human responses to ambiguity.
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Ambiguity abounds in daily life, forcing people to

Between stimulus and response there is a space. In make decisions in contexts in which information is

that space is our power to choose our response.
In our response lies our growth and our freedom.

—Viktor E. Frankl

Considerable work in various domains of psychology,
including clinical psychology and psychiatry, has use-
fully sought to characterize responses to stimuli whose
valence is relatively clear. For example, work has
examined how individuals respond to looming threats
and, in clinical work, compared these responses to
those of individuals with panic disorder. Neuroimaging
studies have historically focused on measuring brain
responses to images depicting clear threats (e.g.,
scenes of car accidents or bruised and bloody bodies;
Varkevisser et al., 2024). But everyday life is replete
with situations in which valence is ambiguous. How
do individuals respond to these situations? And why
do some individuals appear to process these situations
as largely negative whereas others process them as
more positive?

incomplete—be they financial (e.g., “Will this be worth
the expense?”), medical (e.g., “Are these symptoms
benign?”), or interpersonal (e.g., “Is that person laugh-
ing at me or something else?”). Work done in the last
decade (Hirsch et al., 2016; Neta, 2024; Neta et al., 2009;
for a review, see Vos et al., 2025) has focused on exam-
ining individual differences in response to stimuli that
are ambiguous, meaning that they have multiple pos-
sible valence interpretations that are equally valid (i.e.,
positive or negative). Much of this work has examined
responses to stimuli that could be interpreted as either
threatening or neutral—for example, asking partici-
pants to evaluate a word like “hit,” a homograph that
can have both threatening (e.g., “attack”) and benign
(e.g., “song”) meanings (Hirsch et al., 2016). Only
relatively recently have we and others narrowed in on
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stimuli for which valid interpretations could be either
negative or positive (Harp et al., 2021; Neta et al., 2009,
2013). For example, surprised facial expressions can
signal both negative (e.g., witnessing a car accident) or
positive (e.g., finding a $100 bill) outcomes. This impor-
tant distinction in dual-valence ambiguity allows
researchers to explore the tendency with which an
individual leans toward a negative or positive interpre-
tation when both are readily available—something
termed “valence bias.”

It is important to note here that this valence bias is
somewhat different from the computations of ambigu-
ity implicated in constructionism, one of the leading
theories of emotion. Constructionism views emotions
(e.g., joy, anger, fear) as concepts that people learn
through socialization (Russell, 2003). As Russell noted,
“the sequence of events that make up any actual emo-
tional episode . . . is constructed anew each time to fit
its specific circumstances” (p. 151). In short, construc-
tionism is a model of the computation of emotional
experience, in which every emotion is considered
ambiguous to some extent because there is variability
between—and even within—people in response to
clear emotions such as fear and joy. In contrast, our
definition of valence bias is focused on the computa-
tions that specifically drive ascriptions of valence
(positive vs. negative) to stimuli that signal greater
ambiguity. Because of prior learning and other factors,
certain stimuli such as smiling faces are associated with
positive valence, whereas others such as fearful faces
are associated with negative valence by almost all par-
ticipants almost all of the time. However, individuals’
experiences with surprise are less clear-cut—the prob-
ability of surprise being negative versus positive is
closer to 50%. For these stimuli, valence ascription is
more equivocal, and individuals show clear differences
in their propensity to ascribe negative versus positive
meaning to such stimuli. Robust evidence for this
comes from data showing that categorizations of emo-
tional ambiguity (e.g., surprised faces) take longer than
the same categorizations of relatively clear valence
(e.g., angry and happy faces; Harp et al., 2021; Neta
et al., 2013), which may represent a shift toward deeper
processing associated with emotional ambiguity (Chang
& Brainerd, 2021).

This article briefly describes findings demonstrating
stable individual differences in how humans respond
to dual-valence ambiguity, discusses the important
implications that this valence bias has for health and
well-being, and provides a brief overview of the
mechanistic work that indicates an initial negativity
bias. Neuroimaging evidence pointing to a broad set
of systems that support human responses to ambiguity
is also presented.

Valence Bias as a Lens

For more than a decade my colleagues and I have
explored individual differences in categorizing dual-
valence ambiguous stimuli as either negative or posi-
tive. We originally focused on asking participants to
categorize surprised facial expressions as negative or
positive (Neta et al., 2009) and then expanded this work
to show that the same bias drives responses to dual-
valence scenes (e.g., a scene of two people in a tearful
embrace; Neta et al., 2013) and words (e.g., “BREAK”;
Harp et al., 2021). In addition to this generalizability
across categories, valence bias shows high test-retest
reliability across a period of several weeks and even
up to a year (Harp et al., 2022); that is, valence bias
appears relatively stable. Together, this bias has come
to be viewed as representing a “lens” through which
an individual views the world.

Lessons From Development

Despite the stability in valence bias in young adults,
other work has shown that there is a shift in valence
bias across longer timescales (i.e., one’s lifespan). For
example, children show a more negative valence bias
than do adolescents and adults (Petro et al., 2021;
Tottenham et al., 2013). Further, valence bias becomes
increasingly positive with increasing age in adulthood
(ages 19-71; Neta & Tong, 2016), consistent with the
positivity effect in aging (Carstensen & DeLiema, 2018).
Taken together, there is evidence for a valence bias
trajectory that shifts from a relatively negative bias to
a relatively positive one across the lifespan, evidencing
an initial negativity that is overcome with age.

The Initial Negativity Hypothesis

Extensive work has examined the underlying processes
that produce these individual differences in bias. The
working model here suggests that, despite the variability
in valence bias between individuals, there is an initial
negativity across people (i.e., everyone shows an initial
or default negative response; Fig. 1a). Over the years,
much evidence has been accumulated to support this
initial negativity hypothesis (INH). For example, sur-
prised faces “pop out” more in a context of happy than
angry faces (Neta et al., 2011), suggesting they are more
inherently negative in nature. Further, negative catego-
rizations of dual-valence ambiguity are faster than posi-
tive categorizations (Neta et al., 2009; Pierce et al., 2023),
and a simple instruction to delay responses produces
more positive categorizations (Neta & Tong, 2016). This
indirectly suggests that there is an extra processing step
involved in arriving at a more positive rating.
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Fig. 1. Mechanistic account of valence bias. Affective responses are illustrated for stimuli that are
(a, left) clearly negative and (a, right) clearly positive. Responses to (a, middle) ambiguous stimuli
are characterized by an initial negativity regardless of whether someone ultimately shows a more
negative valence bias (red arrow) or a more positive bias (blue arrow). Unpacking the response to
ambiguity reveals (b) an initial negativity across individuals with different valence biases (Time 1;
left). This initial negativity is updated with a more regulated (less negative) bias in some people (blue
individual at the top right) or is maintained as a less regulated (more negative) bias in others (red
individual at the bottom right; Time 2). This variability in valence bias, of course, lies on a continuum
such that there are also individuals who might display moderate regulation and show a valence bias
that is somewhere in the middle (purple individual at the center right). Adapted from Neta (2024)

with permission from Guilford Press.

More direct evidence for the INH comes from mouse-
tracking studies examining the trajectories of these
responses that reveal the underlying mental processes
associated with evaluating the response alternatives
(Freeman & Ambady, 2010). To elaborate, several stud-
ies found that positive categorizations were character-
ized by an initial attraction to the competing (negative)
response option but that negative categorizations were
associated with more direct trajectories (Brown et al.,
2017; Neta et al., 2021). In other words, the response
trajectories revealed an initial movement toward the
negative response option, even for trials that were
ultimately categorized as positive.

Other work leveraging neural mechanisms of visual
processing used filtered images of face stimuli to

emphasize low spatial frequencies (LSFs), which receive
priority processing in the brain, and compared the
categorizations of those stimuli to others filtered to
emphasize high spatial frequencies (HSFs), which are
processed more slowly and deliberately. On the basis
of the INH, LSFs of surprised faces were predicted to
be categorized as more negative than the HSFs, indicat-
ing that the faster response is biased negatively—and
these predictions were borne out in empirical work
(Neta & Whalen, 2010; Neta et al., 2021).

These data supporting the INH suggest that individu-
als who show a more positive valence bias are likely
regulating or overcoming this default negativity via a
(slower) regulatory process (Neta, 2024; Fig. 1b). Indeed,
evidence demonstrates that cognitive reappraisal may
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be a mechanism that supports a more positive valence
bias, enabling individuals to reinterpret the initially
negative stimulus as having a positive interpretation
(Neta, 2024; for work showing that attention deployment
may also shape one’s bias, however, see Neta & Dodd,
2018). Neuroimaging supports this claim—individuals
with a more positive valence bias show surprise-related
activity in brain regions that are recruited when asked
to cognitively reappraise negatively valence stimuli
(Petro et al., 2018).

Last, the developmental findings described above
also support the INH because children do not typically
have the regulatory mechanisms in place to help them
to overcome this initial negativity (Gee et al., 2013).
Indeed, children in later stages of pubertal develop-
ment who maintained a more immature (positive)
pattern of connectivity between the amygdala and
medial prefrontal cortex (mPFC) were more likely to
show a negative valence bias. In contrast, children who
had developed a more mature (inverse) connectivity
pattern showed a more positive valence bias (Petro
et al., 2021). In other words, a more positive valence
bias seems to develop alongside a pattern of amygdala-
mPFC connectivity that is suggestive of more effective
emotion regulation.

Expanding the Brain Circuitry
of Emotion

Extensive research in this domain has focused on the
amygdala as an initial response center and prefrontal
regions, such as the mPFC, that serve to regulate these
responses. Indeed, all of the neuroimaging findings
described up to this point have fit squarely in this
space. But more recent neuroscience research empha-
sizes the importance of multiple brain networks that
likely work together to produce these behavioral
outcomes.

For example, earlier studies of valence bias made
an unexpected discovery. When participants were
asked to categorize ambiguous faces and scenes in the
MRI, rather than finding activation in the amygdala or
mPFC, robust activation of the cingulo-opercular net-
work (CON) was observed (Neta et al., 2013). The
CON, often conflated with but distinct from the salience
network (Uddin et al., 2023), includes a set of regions
in the dorsal (top) anterior cingulate cortex and the
bilateral anterior insula (beneath the temples) that
seems to support task control (Fig. 2) and has more
recently been renamed the “action-mode network”
(Dosenbach et al., 2025). A series of studies found that
the CON was active when participants were asked to
make a judgment that resolves the ambiguity across

Right Hemisphere

Medial Surface Lateral Surface

dACC

mPFC Anterior Insula
Cingulo-Opercular Network (CON)

Default Mode Network (DMN)

Fig. 2. Map of relevant brain networks superimposed on the
right hemisphere of the human brain. The medial surface, which
is the middle (inside) of the brain looking rightward, is shown
on the left; the lateral surface, which is the right (outside) of
the brain, is shown on the right. The CON, which includes the
dACC and the anterior insula, is represented in purple. The DMN,
which includes the mPFC, is represented in red. CON = cingulo-
opercular network; dACC = dorsal anterior cingulate cortex; DMN =
default model network; mPFC = medial prefrontal cortex.

domains (e.g., making valence judgments about dual-
valence ambiguity, making semantic judgments about
auditorily presented homophones; Neta et al., 2013,
2014).

Newer evidence suggests that this CON not only
plays an important role when being asked to resolve
ambiguity but also shows effects specifically supporting
a more positive valence bias (Pierce et al., 2023). To
elaborate, using resting-state functional MRI to charac-
terize individual differences in intrinsic brain organiza-
tion, a recent study identified the CON as playing a key
role in distinguishing individuals with a more positive
versus negative valence bias across the lifespan (ages
6-80; Pierce et al., 2024). That is, greater connectivity
between the CON and other brain networks, such as
the default mode network, widely implicated in self-
referential processing and with emotional dysfunction
(Raichle, 2015), was associated with a more positive
valence bias (Pierce et al., 2024).

An important takeaway from this work is that there
are widespread brain regions and systems that support
complex behavioral processes such as decision-making
during ambiguous emotional situations (Pessoa, 2017).
Future work should move away from the notion of hot
and cold cognition or systems, which separate emo-
tional from logical or analytical mental processes, and
foster a greater appreciation for the interconnectedness
of the human brain. As evidenced here, the putative
hot and cold systems are integrated, necessarily so, to
produce a particular emotional response. Similarly,
instead of reporting activation in a set of discrete brain
regions, we can further consider whether and how
these regions—such as the dorsal anterior cingulate and
bilateral anterior insula, which are recruited across a
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great many tasks (Nelson et al., 2010) but also make
up the core of the CON—are working in concert as
components in whole brain systems.

Implications for Translational Science

These studies supporting the INH and the importance
of regulating the initial negativity for adaptive emo-
tional functioning have far-reaching implications for the
field. For example, a more negative valence bias is
associated with increased depression and anxiety across
the lifespan (Neta & Brock, 2021; Petro et al., 2021),
increased stress reactivity (Brown et al., 2017) and lone-
liness (Harp & Neta, 2023), and decreased social con-
nectedness (Neta & Brock, 2021). These results are
consistent with a recent review noting that cognitive
biases, including biases in interpretation—like the
valence bias—are predictive of future symptoms of
depression and anxiety (Vos et al., 2025). Together,
these findings are consistent with the notion that
valence bias may be a transdiagnostic affective risk
factor (Clinchard et al., 2024).

Beyond pathological symptomatology, valence bias
can also be shown to have a more nuanced relation-
ship with psychological well-being. For example,
valence bias—even more so than other tasks that mea-
sure negative interpretation bias—was associated with
variability in both positive and negative daily affect
across a period of months (Puccetti et al., 2023). In
other words, a more negative valence bias was associ-
ated with increased negative and decreased positive
daily affect (and the reverse was true for a more posi-
tive valence bias).

Valence bias may also have important implications
for physical health. For example, the link between
negative valence bias and adverse health outcomes can
be considered through the lens of the generalized
unsafety theory of stress (GUTS; Brosschot et al., 2018).
The GUTS posits that the stress response is the biologi-
cal default, maintained by the absence of perceived
safety rather than the presence of explicit threat. In
other words, the body may remain in a state of chronic
physiological arousal, which is associated with cardio-
vascular disease, depression, and all-cause mortality
(Brosschot et al., 2018). Because ambiguous stimuli lack
inherent safety cues, they may perpetuate a state of
“generalized unsafety.” However, individuals with a
positive valence bias may effectively generate a “safety
signal” that recruits regulatory (e.g., prefrontal, vagal)
pathways to downregulate arousal. In contrast, indi-
viduals with a negative valence bias fail to generate this
safety signal, resulting in prolonged disinhibition of the
sympathetic nervous system and the associated physi-
ological wear and tear.

Given this breadth of evidence linking negative
valence bias with adverse outcomes, why might the
initial negativity be adaptive? There are a number of
possibilities. First, and perhaps most simply, humans
prioritize negativity, allowing them to prepare the body
for immediate action in the event of a potential threat;
this prioritization may be particularly evident in early
life (i.e., when a negativity bias is more common; Vaish
et al., 2008). Second, error management theory suggests
that the brain is biased toward the least costly error,
and in the decision between threats and rewards, failing
to detect a threat (i.e., displaying a positive valence
bias) is more costly (Haselton & Nettle, 2006). By this
logic, one might argue that the regulatory processes
that help to overcome the initial negativity are most
likely in safe environments; and in these situations, a
positive bias may instead be more adaptive.

Conclusions and Future Directions

Although much has been learned from studies using
stimuli of clear valence—fear, anger, joy—there is much
also to be learned from studies of ambiguous valence.
Our work has programmatically demonstrated that
there are stable and reliable individual differences in
valence bias and that this bias shapes not only responses
to emotional faces but also scenes and words. The
working model outlined here suggests that the default
response to ambiguity, at least in the first half of life,
is negative, and that a more positive bias relies on regu-
latory mechanisms likely akin to cognitive reappraisal.
Findings based on this model have provided support
for the idea that valence bias may predict self-reports
of daily psychological well-being as well as depressive
and anxious pathological symptomatology. The possi-
bility that valence bias may function as a transdiagnos-
tic risk factor for pathological outcomes warrants future
research exploring the potential effect of bias-shifting
interventions. As an example, some early evidence has
shown that mindfulness-based stress reduction pro-
duces a more positive valence bias (Harp et al., 2022)
and, more notably, that this shift toward positivity
uniquely explained a reduction in symptoms of depres-
sion and anxiety (Harp et al., 2024). In the next several
decades of research, a greater focus on ambiguity will
likely yield important insights for early detection and
treatment and for promoting health and well-being
across the lifespan. For example, future studies that
integrate valence bias with related theories about stress
(e.g., the GUTS) and test implications for these pro-
cesses on subsequent memory may help explain impor-
tant connections with physical and mental health.
Last, future work should examine any similarities in
the mechanisms supporting responses to dual-valence
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ambiguity—including developmental, cognitive, and neu-
ral mechanisms—with responses to other types of ambi-
guity to determine the extent to which these processes
are unique to emotional ambiguity. For example, although
some work has demonstrated that the neural mechanisms
described here, including the CON, support responses to
ambiguity in other domains (e.g., semantic processing,
visual object recognition; Neta et al., 2014, 2017), the
cognitive and developmental effects (e.g., the extent to
which there is a strong bias to resolve these ambiguities
in one direction or another, the extent to which these
biases shift over the lifespan) are not well enough studied
across domains to draw comparisons. These efforts would
forge a new frontier of work examining the myriad ways
humans confront and resolve ambiguity.

Recommended Reading

Neta, M. (2024). (See References). Reviews the literature on
valence bias and describes valence bias as a trait-like
measure that is consequential and malleable.

Neta, M., Harp, N. R., Tong, T. T., Clinchard, C. J., Brown,
C. C., Gross, J. J., & Uusberg, A. (2023). Think again: The
role of reappraisal in reducing negative valence bias.
Cognition and Emotion, 37(2), 238-253. Uses experimen-
tal methods to demonstrate that cognitive reappraisal—
specifically, reinterpretation—is uniquely involved in
arriving at a positive categorization of ambiguous stimuli.

Pessoa, L. (2017). (See References). Reviews the literature on
brain regions implicated in emotion and pushes instead
for a broader circuitry that should be considered in the
study of emotion in humans and nonhuman animals.

Pierce, J. E., Wig, G. S., Harp, N. R., & Neta, M. (2024). (See
References). Uses neuroimaging methods to examine
individual differences in brain organization that explain
one’s valence bias.
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References). Reviews the amygdala-centric view on
affective neuroscience and examines findings across
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