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Temperature is more than just the background setting of daily life—it shapes what we think, feel, and do.
Drawing from the theory of emotions as coordinating mechanisms, we propose that thermal affect influences key
psychological systems such as attention, memory, perception, and motivation in service of solving critical
thermal challenges. Through an evolutionary task analysis, we generate a variety of testable predictions
regarding the interplay of temperature, human cognition, and behavior. We hope that this manuscript con-
tributes to the psychology of thermoregulation, a notably understudied area of research despite its importance to
both basic and applied science.

1. The psychology of thermoregulation: A coordinating
mechanisms approach

The ability to respond effectively to temperature fluctuations is
essential for survival. Prior research has examined the effects of ambient
temperature on cognitive performance (e.g., [1]), but much of this work
focuses on temperature-irrelevant tasks, potentially overlooking the
adaptive function of thermal affect—i.e., feeling hot or cold. We propose
that thermal affect functions as a coordinating mechanism that strate-
gically reallocates cognitive resources to address thermal challenges,
prioritizing temperature-related problem-solving at the expense of un-
related tasks.

The theory of emotions as coordinating mechanisms [2-4] suggests
that emotions are more than just “feelings”; they are vital regulators that
coordinate various procedures in the body and mind to solve important
problems. For example, fear helps evade danger, disgust defends against
pathogens, and shame prevents social devaluation. This approach has
advanced our understanding of emotions by specifying the adaptive
functions that they serve and yielding a large bounty of new findings
about how a variety of emotions work [5].

Through this lens, thermal affect can be viewed as a system that
adjusts cognition, physiology, and behavior to manage thermal chal-
lenges. The coordinating mechanisms approach can be combined with
the method of evolutionary task analysis ([3,6]; see also [7,8]) to

generate novel, testable predictions about how thermal affect may in-
fluence cognition and behavior. Conducting a task analysis of thermo-
regulation involves asking the following key questions: What adaptive
problem does thermal affect solve, if any? What subtasks must be solved
in the overall problem of thermoregulation? Which cognitive processes
are required to address these subtasks? Finally, how are these processes
coordinated to deliver an effective response to the problem?

These questions have also been useful for understanding motiva-
tional states and drives that are not typically classified as emotions.
Consider hunger. Through the lens of an evolutionary task analysis,
hunger is a mechanism that coordinates physiology and psychology to
address a fundamental problem—the need to acquire food [7]. Hunger
appears to reorder our priorities and sharpen our attention to
food-related cues, while also enhancing their appeal, making them more
salient and more inviting. Hunger may also fine-tune our memory,
making it easier to encode and recall where food can be found. In
essence, hunger appears to function like an emotion in the sense that it
orchestrates a multifaceted response, engaging multiple systems within
the body and mind to better acquire food.

Like hunger, thermal affect is not typically categorized as an
emotion, despite the state’s valenced and motivational qualities [9].
Also like hunger, thermal affect is a crucial homeostatic process. In this
paper, we suggest that thermal affect may coordinate physiology and
psychology in line with that process. These considerations suggest that
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approaching thermal affect from a coordinating mechanisms perspective
may yield new, testable hypotheses regarding its effects on cognition
and behavior.

Here, we apply an evolutionary task analysis to thermal affect in
order to generate new predictions about the psychology of thermoreg-
ulation. In doing so, we a) briefly review the physiological mechanisms
of thermoregulation, b) outline the primary problems that must be
solved to maintain thermal balance, c) highlight thermal affect’s role in
motivating behavior that addresses these challenges, d) identify certain
cognitive processes that may contribute to solving these thermoregula-
tory problems, and e) generate new hypotheses about how thermal
affect may influence cognition and behavior.

1.1. A brief summary of the physiology of thermoregulation

The human body is equipped with a sophisticated system for
detecting and responding to temperature changes in order to maintain a
stable core temperature in the face of external temperature shifts
[9-11]. At the frontline of this system are peripheral sensors (i.e.,
thermoreceptors)—specialized nerve endings in the skin—that sense the
temperature around us. These sensors use temperature-gated ion chan-
nels, proteins that allow charged ions to move through cell membranes
[12]. Different channels respond to different temperature ranges, with
some responding to heat, and others responding to cold [13]. When
these channels are activated, they trigger signals that travel along the
lateral spinothalamic tract to the hypothalamus. While these peripheral
sensors monitor external temperatures, central sensors in the hypo-
thalamus keep tabs on our core body temperature. These neurons detect
shifts in blood temperature and receive additional information from
receptors that populate the brainstem and other internal organs [14].
When the hypothalamus senses that the body is too hot or cold, it ini-
tiates a series of physiological responses to dissipate or generate heat
[15].

The preoptic area of the hypothalamus triggers "thermoeffec-
tors"—tissues and organs that help maintain thermal balance [11].
Blood vessels dilate (vasodilation) to release excess heat or constrict
(vasoconstriction) to conserve heat. Sweat glands produce sweat, cool-
ing the body through evaporation. Skeletal muscles shiver in response to
the cold, producing rapid, involuntary contractions that generate heat.
Brown adipose tissue generates heat through non-shivering thermo-
genesis. This process breaks down fat to produce heat instead of ATP, the
cell’s usual energy currency [16].

1.2. Adaptive problems of thermoregulation

If core temperature rises too much (hyperthermia), the body risks
life-threatening cellular damage, dehydration, and heatstroke [17]. If
core temperature drops too low (hypothermia), critical metabolic pro-
cesses begin to slow down, leading to decreased consciousness, impaired
motor function, and eventual organ failure and death [18]. Exposure to
cold can also result in frostbite, which poses the risk of injury or death
[19].

Thermoregulation also comes with additional challenges, such as
energy expenditure. In cold environments, for instance, shivering de-
mands substantial energy [20]. Given a finite budget of metabolic re-
sources, when energy is devoted to maintaining thermal balance, less
energy is available for other vital functions such as immune response,
digestion, growth, repair, and reproduction [20,21]. This tradeoff has
significant consequences for an organism’s health, survival, and repro-
ductive success.

For example, endotherms—organisms that generate their own in-
ternal heat, such as humans—often raise their body temperature in
response to infection, inducing a fever [22]. Fever facilitates various
immune functions, such as by mobilizing leukocytes, increasing the
proliferation of T cells, and creating an environment that impedes the
reproduction of pathogens [23]. But running a fever carries a high
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metabolic cost. To reduce this burden, organisms may seek out warmer
microclimates, conserving energy by allowing the environment to help
raise their body temperature. In humans, the “chills” experienced during
illness appear to drive these warmth-seeking behaviors, enabling more
energy to be allocated to immune responses [24].

Effective thermoregulation also depends on maintaining adequate
levels of essential resources. Fluid and sodium lost through sweating, for
example, must be replenished to avoid impairing the process of heat
dissipation. Without enough water, the body’s ability to sweat and cool
down is compromised, and insufficient sodium intake increases the risk
of heat exhaustion [25].

The thermal challenges described here—maintaining core body
temperature, preventing thermal injuries like frostbite, meeting the
metabolic demands of different bodily systems, and avoiding dehydra-
tion and nutrient depletion—are complex problems. Addressing these
challenges requires a coordinated set of psychological, physiological,
and behavioral responses to ensure survival Table 1.

1.3. Behavioral thermoregulation

Maintaining thermal balance is not just a matter of physiology;
behavior also plays a crucial role [26]. The phenomenon of “behavioral
thermoregulation” is widespread throughout the animal kingdom. For
example, desert kangaroo rats escape the heat by burrowing and seeking
out cooler microclimates during the day, which helps them conserve
water and avoid overheating [27]. Dogs cool themselves through pant-
ing, a combined behavioral and physiological mechanism that dissipates
heat by promoting water evaporation from the nose and lungs [28]. In
response to infection, ectotherms—organisms that cannot internally
regulate their body temperature—engage in "behavioral fever." For
instance, a lizard might bask on a hot rock to elevate its body temper-
ature, which aids in fighting off the infection ([29]; see also [30,31].

Social animals often employ collective strategies for thermoregula-
tion. For example, emperor penguins huddle together in tightly packed
groups to conserve heat, reducing the amount of body surface exposed to
the cold and capitalizing on the warmth generated by their peers [32].
Honeybees regulate the temperature of their hive by fanning their wings
to circulate air or clustering together to generate heat [33,34]. Some
species of honeybee, like Apis cerana and Apis mellifera, even use
behavioral thermoregulation as a defensive weapon; they form a
“heat-ball” around invading hornets, raising their body temperatures
along with the temperature inside the ball to a level that is lethal for the
hornet, but not for the bees [35,36].

In humans, behavior driven by thermal affect is considered the most
powerful form of thermoregulation [37]. In hot environments, people
seek shade, drink more water, and slow down their activity to prevent

Table 1
Task analysis overview of thermal discomfort as a coordinating mechanism.
Adaptive problems Subtasks Information- Program
processing coordination
programs
1. Maintaining core 1. Seeking cooler/ 1. Attention Details in
body temperature warmer 2. Perception Table 2
within a safe range environments 3. Memory and

la. Avoiding 2. Modifying learning

dehydration and activity, food, and 4. Motivation
nutrient depletion fluid intake
2. Avoiding 4. Adjusting/
thermal injury fashioning
3. Meeting clothing
energetic demands 5. Seeking
assistance from
others

Note. This overview is meant as a starting point, not an exhaustive analysis.
Future research will surely add additional adaptive problems and cognitive
processes involved in thermoregulation.
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overheating. In cold environments, people bundle up in warmer
clothing, seek shelter, and increase physical activity to generate heat [9,
38,39].

The tendency for thermal affect to motivate behavioral adjustments
is particularly evident when exercising. In hot environments, for
example, human performance is significantly impaired as the body
struggles to maintain a safe temperature [40-42]. Voluntary control of
work rate and fluid intake becomes the first line of defense against
overheating during physical exertion [39].

The key point is that thermal sensations and feelings adjust not only
physiology (e.g., vasodilation and vasoconstriction), but also behavior (e.
g., seeking shelter and adjusting activity levels) to maintain a stable core
temperature, optimize energy use, and prevent injury or death. Despite
its significance, the psychology of thermoregulation remains surpris-
ingly understudied, making it a rich area for future research.

2. Possible effects of thermal affect on cognition

How do thermal challenges shape our thinking? The idea that
extreme temperatures tend to impair cognition is well-established [43].
However, much of this research has focused on ecologically irrelevant
tasks that do not reflect real-world thermal challenges, such as math
problems [1]. These measures potentially overlook the strategic reallo-
cation of cognitive resources toward alleviating thermal discomfort. It is
therefore possible that many of the detrimental effects of hot and cold
environments on cognition reflect, at least in part, shifting priorities
rather than generalized impairments. Failure to consider this adaptive
cognitive shift may lead to an inflated perception of impairment.

Previous work suggests hunger may employ a similar prioritization
scheme, leading to a decrement in most problem-solving domains but
simultaneously enhancing problem-solving when it pertains to food
acquisition [7]. Just as hunger orients the mind toward finding food,
thermal affect may channel cognitive resources toward solving the im-
mediate thermal problem. If this is correct, this reallocation of mental
resources should enhance problem-solving in domains relevant to the
thermal challenge, while other, less critical tasks take a back seat and
may experience a decrement in performance.

Below, we review existing research on how temperature influences
various cognitive processes. In doing so, we examine how thermal affect
might influence certain cognitive abilities, such as attention and mem-
ory, to meet the thermal challenges we face. We make several pre-
dictions along the way that we hope might open new avenues for future
research on the psychology of thermoregulation.

2.1. Attention and problem solving

2.1.1. Existing research

How does thermal affect shape our focus? Moderate exposure to cold
and heat has been found to both sharpen and dull attention, depending
on the context [44,45]. However, when the cold becomes extreme
enough to lower core body temperature, the detrimental impact on
attention is consistent and severe [20,45]. The short-term cognitive
improvements observed in some studies may be partly attributable to
the acceleration of enzymatic processes under heat stress, temporarily
enhancing reaction speed [46,47]. Prolonged exposure, however, leads
to reduced cerebral blood flow due to hyperventilation, which, coupled
with the body’s increasing energy demands to maintain core tempera-
ture, ultimately results in cognitive fatigue and impaired attention [48].

Two existing theories attempt to explain the effects of cold envi-
ronments on attention, each of which emphasizes a different proximate
mechanism. The distraction hypothesis suggests that thermal discomfort
draws attentional resources away from primary tasks, leading to poorer
performance on attention-demanding activities [20,45]. In contrast, the
arousal hypothesis suggests that moderate cold exposure can initially
enhance cognitive performance by boosting overall arousal, but this
benefit is short-lived, giving way to cognitive decline as the cold persists
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2.1.2. Novel predictions

The idea that hot and cold environments often have a detrimental
effect on attention prompts the question: attention to what, exactly? We
propose that thermal affect may temporarily reallocate attentional re-
sources to alleviate the problem of thermal discomfort. When facing
thermal stress, our cognitive system may sharpen focus on temperature-
related information and resources—those that can help us warm up in
the cold or cool down in the heat. Heightened attention to thermally
relevant cues would come at the expense of other, less critical tasks. This
adaptive shift in attention may explain why performance on standard
lab tasks, like the Stroop test (e.g., [49]), often decreases under thermal
stress—these tasks become secondary as the brain prioritizes other tasks
to relieve thermal discomfort.

The extent to which thermal affect distracts attention from other
fitness-relevant problems or opportunities should depend on the in-
tensity of thermal affect—which indexes the degree of thermal threat-
—relative to other problems that need solving. For instance, moderate
thermal discomfort might divert attention away from a mild pathogen
threat—which typically elicits disgust and avoidance behaviors—but
not from a more severe one, whereas extreme thermal discomfort might
override attention to both. Understanding how organisms prioritize
between competing adaptive problems can lead to specific, testable
predictions about how thermal affect operates in various contexts (e.g.,
[7D.

The costs and benefits of focusing on one issue over another would
have significantly varied throughout human evolution, depending on
the context and the individual. This suggests that solutions to competing
problems are not one-size-fits-all; they are systematically tailored to the
circumstance ([7]; see also [50]). For example, children face greater
challenges in retaining and dissipating heat compared to adults, given
their distinct morphology (e.g., a larger surface-to-mass ratio) and
physiology (e.g., reduced sweat rate) [51,52]. As such, we might expect
the effects of thermal affect on cognition to be more pronounced in
children, with temperature-relevant cues more powerfully influencing
children’s attention relative to adults.

In essence, thermal affect may adaptively reallocate attentional re-
sources toward solving the specific thermal challenges we face, ensuring
that we remain focused on the goal of maintaining thermal balance. If
correct, this would result in enhanced thermal problem solving® but
simultaneously decrease problem-solving performance in other
domains.

2.2. Perception

2.2.1. Existing research

How does thermal affect shape the way we perceive the world?
Existing research suggests that thermal affect fine-tunes perception to
meet the body’s needs. For instance, whether we find the temperature
pleasant or unpleasant is anchored to our body’s internal state [53,54].
When overheated, a cool breeze or a sip of cold water feels refreshing.
But the same cold water feels uncomfortable or even painful when we
are already chilled.

This perceptual tuning is adaptive, as it enables our sensory experi-
ences to guide us toward environments and actions that maintain our
body’s optimal temperature [9]. For example, exercising in the heat
increases perceptions of effort and strain, prompting reduced activity in
order to conserve energy and prevent overheating [39]. Hot environ-
ments have also been shown to decrease appetite, especially of
protein-rich foods - this too, is adaptive, as protein-rich foods generate

1 Only during conditions of mild or possibly moderate thermal discomfort. As
noted earlier, extreme temperatures and extreme thermal discomfort is known
to inhibit performance.
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more metabolic heat. Decreased appetite in hot environments therefore
effectively reduces the amount of heat produced through digestion [25].
Existing research suggests that even our taste preferences can shift in
response to thermal stress. Extreme sodium depletion, which can be
caused by excessive sweating, has been shown to make salty foods more
appealing. This helps us to replenish a nutrient that is vital for main-
taining thermal balance in the heat [55].

2.2.2. Novel predictions

One way that perceptual mechanisms may help solve thermal
problems is by increasing the salience of temperature-relevant infor-
mation by adjusting detection thresholds and increasing sensitivity to
stimuli that offer thermal relief. For example, we might expect feeling
too hot to improve the perceptual encoding of visual stimuli that indi-
cate a source of shade, given that resting in the shade is a common
means of behavioral thermoregulation in humans and non-human ani-
mals [56]. This enhanced encoding could occur through a mechanism
that increases the perceived contrast of darkness (a quality of a shadow)
in the surrounding environment, thereby facilitating the detection of
distant shaded areas. The valence of perceived stimuli may also change —
for example, hot sensations may also increase the appeal of visual
stimuli that have cooling properties (e.g., shade or water), whereas cold
sensations may increase the appeal of stimuli that can be used to warm
oneself (e.g., enclosed spaces, blankets, clothing, or fire).

These hypotheses are preliminary and should be regarded as tenta-
tive until they are tested, but they are not without precedence. For
example, some evidence suggests that hunger exerts a similar effect on
visual perception, such that people who are hungry perceive food to be
brighter than people who are satiated [57]. Existing research also shows
that thirst increases the cognitive accessibility of drinking-related
stimuli [58] and that thirsty people more readily perceive trans-
parency (a quality of water) in ambiguous stimuli [59].

2.3. Memory and learning

2.3.1. Existing research

How does temperature shape what we remember or learn? Cold
exposure is often associated with impairments in memory encoding and
recall (e.g., [45]). The effects of heat on memory are less clear, with
studies producing mixed results [44]. The challenge in these studies
often lies in teasing apart the direct impact of temperature from other
factors like physical exertion, which can also influence cognitive per-
formance (e.g., [60,61,62]).

Existing research leaves several questions unanswered. For example,
could thermal affect play an adaptive role in regulating memory and
learning, guiding us to better remember temperature-relevant infor-
mation that is critical to our survival? To the best of our knowledge, no
research has directly tested this possibility.

2.3.2. Novel predictions

We propose that thermal affect may play a role in enhancing the
memory encoding and retrieval of temperature-related information. For
example, thermal affect may enhance our ability to remember which
behaviors were most effective in alleviating thermal discomfort in pre-
vious situations, such as where shelter was found during a previous cold
spell, or where water was found during a previous drought. As with the
proposed effects of thermal affect on attention, this process is expected
to impair the memory encoding and recall of information that is irrel-
evant to the problem at hand.

This memory function aligns with the broader phenomenon of
acclimation. Acclimation involves a wide range of physiological and
behavioral adjustments [20,63] that improve the body’s ability to
handle temperature fluctuations through repeated exposure. Over time,
acclimation leads to better tolerance and performance in hot and cold
environments, reducing the risk of heat- or cold-related illnesses [20,38,
56]. Part of this acclimation process may conceivably be driven by
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enhanced memory encoding and retrieval of temperature-related in-
formation. As individuals repeatedly face thermal challenges, their
memories of effective strategies and resources may become more
accessible, facilitating more effective behavioral thermoregulation over
time.

2.4. Motivation

2.4.1. Existing research

Thermal affect is a powerful motivator. Existing research shows that
when we feel too hot or cold, our primary motivation shifts toward ac-
tions that can restore thermal comfort [9,11,63,64]. Whether it’s
seeking shade on a sweltering day or huddling close to a fire in the cold,
thermal affect drives behavior in ways that facilitate thermoregulation.
What remains less understood is how thermal affect interacts with other
needs and motivations. For instance, when alleviating thermal discom-
fort conflicts with the need for food, social interaction, or safety, how do
we decide which goal to pursue?

2.4.2. Novel predictions

Depending on the intensity of the discomfort and the context at hand,
the drive to alleviate thermal discomfort can be so powerful that it
overshadows other competing motivations. By considering the degree of
threat posed by the thermal discomfort and weighing it against the po-
tential benefits of other behaviors, researchers can generate predictions
about which motivations will take precedence, which should vary based
on factors such as context, sex, and individual differences.

For instance, in a scenario where the need to reduce thermal
discomfort conflicts with avoiding potential pathogen exposure, the
behavior that ultimately prevails will likely depend on several factors.
These include the intensity of the thermal affect, which reflects the
severity of the thermal threat, and the perceived risk of the pathogen
threat [65]. Additionally, individuals with higher disgust sensitivity,
which is linked to pathogen avoidance, may be more likely to prioritize
avoiding pathogen threats (e.g., [66]).

In this framework, thermal affect is expected to downregulate mo-
tivations that conflict with thermoregulatory goals and amplify those
that promote restoring thermal balance. For example, behaviors like
migrating or seeking shelter—key forms of behavioral thermoregulation
[39,56,63]—might require venturing into unfamiliar or even dangerous
environments in search of resources that can alleviate thermal discom-
fort. In such cases, thermal affect may temporarily suppress fear and
boost exploratory behavior to achieve thermoregulatory goals.

However, this adaptive shift is likely to vary depending on the in-
tensity and duration of the thermal discomfort. For instance, in cases of
extreme or prolonged thermal discomfort, the body’s need to conserve
energy might become paramount, leading to a reduction in physical
activity. This shift could manifest as a suppression of exploratory mo-
tivations, favoring more energy-efficient strategies to manage thermal
stress. The dynamic nature of these responses highlights the flexibility of
our motivational systems, allowing them to prioritize different goals
based on the immediate context and the broader array of competing
adaptive challenges. Despite the widespread misconception, an evolu-
tionary approach to motivation and emotion does not imply rigidity or
inflexibility (e.g., see [50]) (Table 2).

3. Conclusion

The theory of emotions as coordinating mechanisms [3,4,29,67]
offers a generative explanatory and predictive framework for under-
standing how emotions tune our minds and bodies toward solving spe-
cific adaptive challenges. Among these challenges, thermoregulation
stands out as a critical homeostatic process, essential for maintaining
optimal body temperature to ensure survival in diverse and often harsh
environments. Despite its undeniable significance—often a matter of life
or death—thermoregulation has remained an underexplored area in the
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Table 2
Some testable predictions yielded by a task analysis of thermal affect.
Attention Perception Memory and Motivation
learning

1. Increased
motivation toward

1. Increased
encoding and

1. Increased
salience of stimuli

1. Increased
attention to and

performance on with heating or recall of thermoregulatory
temperature- cooling temperature goals

relevant properties -relevant 2. Decreased
information and 2. Increased information motivation toward
tasks discrimination of 2. Decreased non-

2. Decreased stimuli with encoding and thermoregulatory
attention to and heating or cooling  recall of goals

performance on properties temperature- 3. Context-sensitive
temperature- 3. Increased irrelevant reordering of
irrelevant preference for information motivational
information and stimuli with 3. Mediation of ~ priorities

tasks heating or cooling ~ temperature

3. Context- properties acclimation

sensitive through repeat

tradeoffs in exposure

attentional
resources that
conflict with
other adaptive
problems

psychological sciences.

Here, we have proposed that thermal affect may function as a
coordinating mechanism, orchestrating various aspects of psychology,
physiology, and behavior to carry out the tasks involved in maintaining
thermal balance. To examine this hypothesis, we applied an evolu-
tionary task analysis ([6]; see also [7,3]) to thermal affect, outlining the
primary adaptive problems related to thermoregulation and generating
testable predictions about the ways that thermal affect might affect
cognition.

Our analysis is intended as a starting point rather than a compre-
hensive framework. We hope it opens the door to new research into the
psychology of thermoregulation. Future research should aim to incor-
porate more ecologically valid tasks—i.e., tasks comprised of
temperature-relevant information that can be used to solve thermal
challenges—to distinguish between performance enhancement or
impairment in temperature-relevant vs. irrelevant tasks. To examine the
impact of thermal affect on memory, for example, researchers can create
conditions of thermal comfort and thermal discomfort, then test partic-
ipants’ encoding and recall of temperature-relevant and irrelevant
stimuli, such as a shaded tree versus a neutral object like a pencil.
Similarly, researchers can examine the effects of thermal discomfort on
perception by presenting participants with temperature-related (e.g., a
fire) and unrelated stimuli and measuring their preferences, accuracy,
and sensitivity across multiple sensory domains.

We stress again that these ideas are preliminary, but we hope that
they might serve as a launchpad for greater interest in and research on
the psychology of thermoregulation, a critical but understudied ho-
meostatic process in the cognitive and behavioral sciences.
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