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Abstract
The state of mind is a crucial factor in thermal sensation and should be thoroughly understood in studies of thermal comfort while 
integrating human psychology into the literature. Fanger’s predicted mean vote (PMV) and predicted percentage of dissatisfied percentage 
of dissatisfied (PPD) method is a cornerstone in thermal comfort research. On the other hand, the adaptive thermal comfort (ATC) model 
provides a broader perspective by including behavioral and psychological adjustments, along with the personal and environmental 
parameters outlined in Fanger’s PMV/PPD method. However, literature investigates the ATC model predominantly focuses on behavioral 
adaptations, neglecting psychological adjustments emphasized by ASHRAE as integral to the state of mind. Moreover, qualitative approaches 
dominate the literature, with limited quantitative investigations. Therefore, this paper aims to address the importance of human psychology 
by systematically reviewing previous field studies to elucidate the magnitude and significance of psychological adjustments to the thermal 
comfort. Additionally, it introduces the Turhan and Özbey coefficients, derived from a quantitative study, to provide a more comprehensive 
understanding of the impact of psychological factors on thermal comfort. This work is highlighted the importance of the human psychology 
to achieve better indoor environmental quality in aspects of thermal comfort.
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1. Introduction
One of the key considerations in modern architectural design is thermal comfort[1-4]. Ensuring a comfortable indoor environment, 
regardless of external weather conditions, is achieved through advanced insulation, ventilation, heating, and cooling systems[5-7]. This 
focus on thermal comfort highlights the progression from basic survival needs to enhancing the quality of life, demonstrating how 
architectural buildings integrate both historical principles and modern innovations to meet the diverse needs of contemporary 
society.

Thermal comfort in indoor environments is a condition that reflects an individual’s satisfaction with the surrounding thermal 
conditions[8-10]. Thermal comfort is affected by personal and environmental adjustments, including air temperature, relative humidity, 
air movement, radiant temperature, clothing insulation, and the metabolic rate of occupants[8-12]. Achieving thermal comfort means 
creating an environment where people feel neither too warm nor too cool, promoting comfort and productivity.

Fanger’s foundational work, predicted mean vote (PMV) and percentage of dissatisfied (PPD) method, providing a quantitative 
approach to understanding thermal comfort and it is a widely recognized approach for assessing thermal comfort in indoor 
environments[8-10]. The PMV model is based on heat balance equations and empirical data, taking into account the environmental and 
personal factors which are air temperature, relative humidity, air movement, radiant temperature, clothing insulation, and the 
metabolic rate[9]. In addition, the PPD index provides a quantitative measure of the percentage of people likely to be dissatisfied with 
the thermal environment. It is derived from the PMV value and is used to predict the proportion of occupants who will feel too hot or 
too cold[9].

In addition to Fanger’s PMV/PPD method, the adaptive thermal comfort (ATC) model is another important approach for assessing 
thermal comfort[12]. This model considers the dynamic relationship between occupants and their environment, considering how 
people adapt to changes in thermal conditions. The ATC model is incorporated into standards such as ASHRAE 55[9] and EN 15251[13]. 
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The actual mean vote (AMV) represents the average thermal sensation vote reported by individuals within a group experiencing 
specific thermal conditions. Thus, unlike the PMV, which is a predictive model, AMV reflects the actual perception and evaluation of 
thermal comfort by occupants in real-world settings[12].

Thermal comfort is significantly influenced by a combination of physiological and psychological factors, collectively termed 
physio-psychological aspects. These aspects interact in complex ways to determine an individual’s comfort level in a thermal 
environment. For instance, Lamberti et al.[14] explored the effects of climate on thermal adaptation through experiments in both 
continental and Mediterranean climates. The study found that although students living in a continental climate engaged in fewer 
adaptive actions, their neutral temperature was 3.1 °C lower than that of students in a Mediterranean climate, a difference that was 
statistically significant. The study also compared these findings with the PMV-PPD model, showing that adaptation is influenced by 
the sub-climate. Neutral temperatures calculated using the PMV model were higher than those obtained from TSV, with this 
difference being more significant in the colder continental climate. Li et al.[15] was examined the physio-psychological responses to 
thermal exposure on walking comfort during the summer season. The results revealed that the influence of the thermal exposure 
variations on pedestrians’ overall thermal comfort is related to the skin wettedness. The male subjects have a greater sweating rate 
and evaporative heat loss than the female subjects and the evaporative heat loss from sweat is dominant, and heat storage takes up 
36.0% of the heat produced on average.

There are several adaptive heat balance models which are based on laboratory or field studies, have been thoroughly developed and 
widely accepted in thermal comfort standards and literature[16-19].

The method named “aPMV” proposed by Yao et al.[16] is an adaptive version of the PMV model, designed to enhance thermal comfort 
prediction by incorporating adaptability theory into the traditional heat balance model. This model aims to improve the accuracy of 
thermal sensation prediction by considering the dynamic nature of human responses to thermal discomfort, including physiological, 
behavioral, and psychological adaptations. By integrating adaptability theory with heat balance theory, the aPMV model introduces 
the concept of thermal experience into thermal comfort studies, allowing for a more nuanced understanding of occupants’ comfort 
levels[16].

Another method named “new predicted mean vote (nPMV)” by Humphreys et al.[17] aims to address discrepancies between the PMV 
predictions and the actual thermal perception of individuals in buildings This nPMV model proposed by Humphreys and Nicol takes 
into account the wider thermal comfort range reported by occupants compared to the results obtained from Fanger’s studies. The 
nPMV model is designed to better align thermal comfort predictions with actual experiences of the occupants by considering the 
broader range of comfort preferences expressed by building occupants[17,20,21].

The adaptive thermal heat balance (ATHB) framework introduced by Schweiker et al.[18] aims to enhance thermal sensation prediction 
by combining adaptive and heat balance models. This framework postulates individual equations for behavioral, physiological, and 
psychological adaptation to adjust input values such as basic clothing insulation level and metabolic rate within the thermal comfort 
models. By incorporating behavioral, physiological, and psychological adaptive mechanisms, the ATHB model offers a more nuanced 
approach to thermal comfort assessment, taking into account the diverse responses of occupants to varying environmental 
conditions. This adaptive thermal heat balance model provides a theoretical and data-driven framework that considers the 
multifaceted nature of human thermal perception and adaptation[18,22,23].

Human psychology, which is considered in the ATC model, is one of the vital parameters which affect the perceived comfort 
significantly[16-18,24-34]. Even though the effect of human psychology is mentioned, there are a few data-driven research available to 
consider the human psychology especially in a quantitative way[24-34]. Furthermore, to the best of the author’s knowledge, there are 
very few review papers examining the effect of human psychology on thermal sensation. However, human psychology, including 
factors such as mood state and climate adaptation, should be thoroughly considered. Therefore, the aim of this paper is to review 
studies on the impact of psychological state on thermal comfort. In addition, this study introduces the Turhan and Özbey coefficients, 
which were developed through a data-driven study to incorporate current mood states into thermal comfort assessments 
quantitatively and have developed a novel mathematical model.

2. Literature Review: State of Mind
The state of mind plays a crucial role in adaptive thermal comfort, influencing how individuals perceive, evaluate, and respond to 
thermal conditions[9,25,26]. Factors such as past experiences, cultural background, and individual preferences shape comfort 
perceptions and preferences of occupants[25,27]. One of the measures for the state of mind is mood which refers to a temporary state of 
mind or emotional condition that can influence an individual’s thoughts, behaviors, and perceptions[28,30]. Mood states which can be 
influenced by various factors, including environmental conditions, physical health, social interactions, and personal experiences, are 
broadly categorized into two types: positive and negative[27-31].

Positive mood states include feelings such as happiness, cheerful and vigor. Positive moods are often associated with favorable 
conditions such as a comfortable environment, good physical health, positive social interactions, and enjoyable personal experiences. 
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On the other hand, negative mood states encompass feelings such as hopeless, unhappy and anger. Negative moods can be influenced 
by adverse factors such as discomfort, poor health, negative social interactions, and stressful experiences[27-31].

Unlike specific emotions, which are often triggered by particular events or situations, moods are more diffuse and can affect overall 
attitudes and responses to different circumstances, including how one perceives thermal comfort[29-31]. Thus, understanding the 
interplay between mood and thermal comfort is essential for designing environments that promote well-being and productivity, as 
mood can influence overall comfort levels and satisfaction with the built environment[27-34].

In the literature, one well-known early study performed by Rohles[35] to analyze the impact of human psychology and psychological 
adaptation. Occupants were divided three different group during the experiment. For one group, the heaters were activated, and the 
subjects were notified. They were shown the heater and the red light that signaled it was powered on. For the second group, the 
heaters were also activated, but the subjects were not informed. The third group had no heaters and received no explanations. The 
results revealed that both groups with heaters felt warmer compared to the group without heaters. However, the group informed 
about the active heaters felt significantly and consistently warmer than the group with heaters who were unaware they were 
operating[36]. The psychological perception is crucial in thermal comfort studies[35-37]. However, this study was focused on the 
influence of the emotions and mood states on thermal comfort.

Wang et al.[38] carried out an experiment with 18 college students in China to investigate whether emotion state would have some 
influence on thermal perception and comfort of the students to examine the role of the positive and negative mood states on thermal 
comfort. The results demonstrated that bored students reported higher thermal sensation votes than ones neutral and joyful 
emotional state. Bored students are able to sense warmer than students who reported as neutral and joyful states and get bored may 
cause an increasing up to 1 scale in 7-point thermal sensation scale[38].

In another study on the relation between mood state and indoor environmental quality (IEQ) was conducted by Zhang et al.[39].The 
results also support the importance of the mood state not only thermal sensation but also the acceptance of the IEQ. Mood state have 
significant impact on IEQ acceptance, with negative moods leading to lower acceptance ratings. This mood influence is more 
substantial in conditions where the thermal quality is poor, even if the other IEQ aspects are satisfactory[39].

When investigating emotional well-being and psychological states, utilizing reliable and validated assessment tools is crucial. Among 
the widely used instruments in psychological research are the positive and negative affect schedule (PANAS) and the profile of mood 
states (POMS)[40,41]. These questionnaires provide comprehensive insights into emotional experiences of the individuals by measuring 
various dimensions of mood states. Thus far, several studies investigating the effect of the mood state on thermal comfort and 
sensation by using PANAS or POMS questionnaires and found a connection between these aspects[29-34,42-44]. For instance, 
Ibrahim et al.[42] found a correlation of r = 0.3 between anger and thermal sensation. Moreover, Zhang et al.[29] depicted a relationship 
between thermal sensation and mood state of ashamed with a p-value of 0.001. Özbey et al.[33] showed that thermal sensation is 
correlated with anxious with a strength of 0.044 p-value.

The study of Ibrahim et al.[42] examines the influence of mood states on human evaluation of the thermal environment using 
immersive virtual settings by using Virtual Reality (VR) technology. Forty-four university students were participated to the 
experiments and the mood state were categorized as high medium and low by using PANAS-X which is the expended version PANAS 
questionnaire. The authors reported that the mood state of the students have significant influence on thermal sensation, with 
negative moods increasing perceived warmth and positive moods leading to more accurate thermal evaluations. Participants in 
anger states rated the thermal environment as warmer, while those in happy states gave more neutral ratings[42].

To further examine the role of mood states on thermal sensations of the students, Zhang et al.[29] carried out an experiment with 259 
students in a mechanically ventilated university library located in China. The experiments where the PANAS-SF questionnaire (short 
form of PANAS questionnaire) used, the results shown that negative feeling statements of ‘active’, ‘hostile’, ‘upset’ and ‘afraid’ have a 
statistically significant relationship between the thermal sensation and satisfaction. Students who indicated ‘hostile’ or ‘upset’ felt 
significantly warmer than those who did not, whereas students who indicated ‘active’ and ‘afraid’ felt significantly more satisfied with 
the thermal environments[29].

Turhan et al.[43] were one of the first to examine the influence of stress levels on the thermal comfort perception of male and female 
students through the utilization of the POMS questionnaire. The study utilized a condensed version of the POMS questionnaire and 
involved 146 male and 70 female students. Participants were divided into experimental and control groups. While the experimental 
group underwent examinations, the control group spent their time reading preferred books. The findings indicated that students 
generally experienced heightened stress prior to exams, resulting in a heightened perception of warmth compared to the control 
group. Furthermore, a noteworthy reduction in the percentage of dissatisfied responses was observed among both male and female 
students in the experimental group after the examination, reaching approximately 71%[43].

Çeter et al.[30] explored the influence of gender differences on emotional intensity concerning the absolute difference between PMV 
and AMV (ABS(AMV-PMV)) of the participants. The emotional intensity score (EIS) was calculated with finding the absolute difference 
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between each participant individual score to overall mood score. The findings demonstrated a positive correlation between the 
ABS(AMV-PMV) and the EIS among male participants across all levels of emotional intensity classifications: very intense, intense, and 
normal. In contrast, emotional intensity levels did not exhibit statistical significance for female participants[30].

In another investigation, Özbey et al.[31] performed a sensitivity analysis via Monte Carlo Simulation to assess the impact of the 
current mood states on thermal sensation in a Warm-Mediterranean temperate climate zone. While the subjective data from 281 
healthy students were collected using the POMS questionnaire and a 13-point thermal sensation scale the objective data was 
collected via thermal comfort data logger and different sensors. Six main subscales of the POMS questionnaire (anger, confusion, 
depression, fatigue, tension and vigor-activity) were analyzed to examine the effects of the ABS(AMV-PMV) of occupants. It has been 
conclusively shown that the vigor-activity emerged as the most influential subscales on the ABS(AMV-PMV) of students, while 
confusion was identified as the least effective. Specifically, changes in vigor-activity alone were associated with a difference of up to 
0.31 scale, whereas confusion had a comparatively minor effect of 0.11 scale in thermal sensation scale. Furthermore, when 
considering all subscales collectively, the ABS(AMV-PMV) was found to have the potential to induce a difference of 1.32[31].

Personal and perceived control is also a fundamental aspect of psychological adaptation. For instance, Turhan et al.[44] introduces a 
novel thermal sensation prediction model (TSPM) designed to control HVAC systems by considering both physiological and 
psychological parameters. This model, which incorporates a fuzzy logic model, predicted thermal sensation votes using both 
psychological and environmental parameters within a Python environment, rather than relying on commercial toolboxes. The model 
uses two physiological parameters-Mean Radiant Temperature and External Temperature-and one psychological parameter-EIS, 
which includes vigor-activity, depression, and tension, with a total of 32 subscales. The findings demonstrated that the thermal 
sensation votes could be accurately predicted by incorporating both types of parameters. Specifically, the developed TSPM achieved 
an accuracy of 92% in predicting the thermal sensation votes of students. Additionally, the model exhibited better accuracy during the 
heating season compared to the cooling season.

Özbey et al.[32] developed a novel temperature determination model considering human psychology. In this experiment, after the 
comfort temperature was found via Griffth method, the current mood state of the participants was gathered via the POMS 
questionnaire. Latter, three comfort temperature equations were developed according to their mood state that categorized as 
optimistic, pessimistic and neutral. Results have shown that while the students were drifted apart from the neutral zone, the comfort 
temperatures were decreased. Moreover, this association has been found statistically significant for the students not in neutral mood 
state[32].

In an investigation into the state of mind on thermal comfort, Özbey et al.[43] analyzed the association between tension level and 
thermal sensation. This study has confirmed the effectiveness of the tension subscales in POMS questionnaire-tense, shaky, on edge, 
panicky, relaxed, uneasy, restless, nervous, anxious-to the thermal sensation by considering gender differences. The results 
demonstrated a consistent association between tension level and thermal sensitivity. While the subscales of “shaky”, “uneasy” and 
“anxious” statistically affected the thermal sensation of males, only “nervous” and “anxious” subscales were found statistically 
important for females[43].

Table 1 summarizes the studies in the literature that investigate the impact of human psychology on thermal comfort by considering 
used psychological test, examining positive and/or negative moods and aim of study.

Table 1. Studies investigate the effect of mood states on thermal comfort[30-34,39,40,43-45].

Number of Considering Positive & Negative 

Statements
Author(s)

Used Psychological 

Test Positive Mood 

Statement/s

Negative Mood 

Statement/s

Aim of the Study

Wang et al.[39] No test used 1 1 To find relationship between the thermal 

sensation votes of the students and emotional 

state.

Zhang et al.[40] Self-designed 

questionnaire

1 2 To find the relationship between mood state 

and IEQ perspective of the occupants.

Ibrahim et al.[43] PANAS-X 10 10 To examine the influence of mood states on 

human evaluation of the thermal environment 

using immersive virtual settings

To investigate the role of mood states on Zhang et al.[30] PANAS-SF 5 5
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thermal sensations of the students

Turhan et al.[44] Shorten POMS 

Questionnaire

5 35 To examine the association between the stress 

level and thermal sensation of the students.

Çeter et al.[31] POMS Questionnaire 8 50 To investigate the relationship between EIS and 

the ABS (AMV-PMV) for male and female 

participants.

Özbey et al.[32] POMS Questionnaire 8 50 To conduct a sensitivity analysis between 

ABS(AMV-PMV) and current mood state. 

Additionally, the effect of the subscales of POMS 

questionnaire on this difference was 

investigated.

Turhan et al.[45] POMS Questionnaire 8 50 To develop a fuzzy logic model – Thermal 

Sensation Prediction Model-that consider the 

mood state.

Özbey et al.[33] POMS Questionnaire 8 50 To develop a novel comfort temperature model 

which consider the human psychology as an 

additional parameter.

Özbey et al.[34] POMS Questionnaire 8 50 To investigate the correlation between tension 

subscales of the POMS questionnaire and 

thermal sensation.

POMS: profile of mood states; IEQ: indoor environmental quality; AMV: actual mean vote; PMV: predicted mean vote; EIS: emotional intensity score; PANAS: positive and 
negative affect schedule.

Overall, these studies illustrate just how important the state of mind on thermal comfort and highlight the unique relationship 
between the mood state and the comfort perception. There is a relatively small body of literature that is concerned with effects of the 
state of mind on thermal comfort. Moreover, what we know about the effects of human psychology on thermal comfort is largely 
based upon qualitative studies. Thus, a necessity of the mathematical model as quantitative studies is clear to understand the link 
between the state of mind and thermal comfort.

3. A Novel Approach: Turhan and Özbey Coefficients
The one of the major fieldwork study on developing a mathematical model considering human psychology and thermal comfort 
together was conducted by Turhan et al.[34]. This study has been carried out in a university study hall in Warm-Mediterranean 
temperate climate zone. A mixed-mode building was selected as a case building and the study was completed with a participation of 
419 female and 720 male students in a year period. The objective data were collected via thermal comfort data logger[45] and an 
environmental data logger which contains DHT-22[46], a mobile application, to gather the subjective data from the students, were 
developed for the study. 13-point thermal sensation scale[47] was utilized to collect thermal sensation votes, the POMS questionnaire 
was simultaneously used to evaluate the current mood states of the participants[34].

POMS questionnaire includes 65 statements about six main subscales which are anger, depression, tension, confusion, fatigue and 
vigor-activity[41]. The POMS questionnaire outcomes are assessed by having participants respond to 65 statements, reflecting on the 
question, “How are you feeling right now”? For each statement, participants rate their response on a 5-point scale, ranging from 
‘0-not at all’ to ‘4-extremely’, to indicate the degree to which each statement describes their current feelings. By complication of the 
questionnaire the total mood disturbance was calculated by subtracting positive feelings from negative feelings. Later, the TMDs 
were converted to the T-Scores to classify the mood state of the participant. For more detail and utilized formulas please check the 
references[41,48].

A black box model is an approach where the internal workings of the system are not known or not considered; instead, the focus is 
on the input and output of the system[16]. The Black Box model used in this study is based on the assumption that the psychological 
state of an occupant provides continuous feedback (k) to their thermal sensation[34] (Figure 1). This model acknowledges the 
non-linear behavior of thermal comfort and uses the PMV as a dependent variable, influenced by factors such as operative 
temperature, relative humidity, clothing insulation, and outdoor temperature. The model adjusts the PMV using the Mood State 
Correction Factors (MSCF), as known as Turhan and Özbey coefficients, to account for changes in thermal sensation due to mood 
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states, resulting in the actual mean vote according to psychological mood changes (AMVp). Turhan and Özbey coefficients are 
determined using the least square method, minimizing the error between measured AMV and PMV values[34].

Figure 1. The model diagram (psychological feedback is represented with k). MSCF: Mood State Correction Factors; AMV: actual mean vote.

It is important to highlight that the derivation of MSCF is similar to the study since this model is an adaptive and data-driven 
model[16]. The novelty of this model is to introduce the coefficients according to current mood states of the occupants by emphasizing 
the human psychology. More information about the study can be found in reference[34].

The PMV modelled as a function of the relative humidity, operative temperature (Top), basic clothing insulation (Icl), and outdoor 
temperature (Tout). According to black-box theory the derivation of the AMVp is generated as given in Eq. 1 and Eq. 2. Then, the Eq. 3 is 
presented when both sides in Eq. 2 is divided by AMVp. The final equation for the AMVp and MSCF (k/δ) is given in Eq. 3 and Eq. 4, 
respectively. Moreover, the found coefficients were given in Table 2. Here, the k is the psychological feedback, δ defines the 
environmental and personal thermal stimuli that affect thermal comfort.

Table 2. Developed MSCF values for the mathematical model[35].

Classification of Total Mood Distribution T-Score Turhan and Özbey Coefficients

Very Elevated Score-Very Pessimistic(Many more concerns than are typically 

reported)

> 70 -0.125

Elevated Score-Pessimistic(More concerns than are typically reported) 60-69 -0.075

Average Score-Neutral(Typical levels of concern) 40-59 0

Low Score-Optimistic(Fewer concerns than are typically reported) 30-39 -0.061

Very Low Score-Very Optimistic(Far fewer concerns than are typically 

reported)

< 30 -0.114

MSCF: Mood State Correction Factors.

(1)

(2)

(3)

(4)

Table 3 illustrates the impact of mood states on thermal sensation using the Turhan and Özbey coefficients with example situations 
via presenting various PMV values, which represent the predicted mean vote for thermal sensation, and shows how these values are 
adjusted to the AMVp by incorporating the MSCF for different mood states[35].
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Table 3. Example of the thermal sensation change according to the mood states with different PMV values by using Turhan and Özbey 

coefficients.

Mood State Turhan and Özbey Coefficients PMV AMVp

Very Pessimistic -0.125 0.42

Pessimistic -0.075 0.41

Neutral 0 0.40

Optimistic -0.061 0.41

Very Optimistic -0.114

0.4

0.42

Very Pessimistic -0.125 -0.38

Pessimistic -0.075 -0.39

Neutral 0 -0.40

Optimistic -0.061 -0.39

Very Optimistic -0.114

-0.4

-0.38

Very Pessimistic -0.125 1.41

Pessimistic -0.075 1.32

Neutral 0 1.20

Optimistic -0.061 1.29

Very Optimistic -0.114

1.2

1.39

Very Pessimistic -0.125 -1.04

Pessimistic -0.075 -1.10

Neutral 0 -1.20

Optimistic -0.061 -1.12

Very Optimistic -0.114

-1.2

-1.06

PMV: predicted mean vote; AMV: actual mean vote.

In comparison between the mood states, in the same PMV value, the mood states optimistic and pessimistic caused a slight increase 
in thermal sensation. In example, when the PMV is 1.2, the AMVp values for the mood states optimistic and pessimistic were found 
1.29 and 1.32, respectively. Furthermore, increasing trend in thermal sensation is continued in cases of where the mood state is draft 
apart from neutral to very optimistic and very pessimistic situations. In case, the PMV is 1.2, the AMVp varies more significantly from 
1.20 (Neutral) to 1.41 (Very Pessimistic), showing a stronger effect of mood state at higher PMV values in comparison to PMV is equal 
to 0.4. Conversely, in cooler environments where the PMV is smaller than 0, the adjustments also show mood states causing a warmer 
perception, with AMVp values being less negative than the PMV values.

4. Discussion
The discussion part is split into three sub-bullets including comparison of adaptive heat balance models, limitations, and future 
works.

4.1 Comparison of the studies
In the literature, various adaptive heat balance models have been developed that incorporate physiological, behavioural, and 
psychological adaptations[16-19]. These models have significantly contributed to our understanding of thermal comfort by emphasizing 
the dynamic and adaptive nature of human responses to thermal environments. Physiological adaptations include changes in 
metabolism, heart rate, and sweat production, while behavioural adaptations involve actions like adjusting clothing or modifying the 
environment. Psychological adaptations, on the other hand, encompass changes in perception, expectation, and attitude towards the 
thermal environment.
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The adaptive heat balance models typically address psychological adaptations qualitatively and do not delve into quantitative 
examinations of psychological adjustments. This qualitative approach limits the precision and applicability of the models, especially 
in diverse and fluctuating real-world settings. The lack of quantitative analysis also hinders the ability to predict individual 
differences in thermal comfort responses accurately. Furthermore, the existing adaptive heat balance models have not utilized any 
questionnaires or standardized tools to measure or determine the current mood state of the occupants, which is a critical gap 
considering the significant influence of mood on thermal comfort perceptions.

In contrast, Turhan et al.[34] introduced a pioneering mathematical model using a black-box approach that integrates current mood 
states of occupants assessed through the POMS questionnaire, thereby quantitatively considering human psychology. This approach 
represents a significant advancement as it quantitatively considers human psychology, providing a more holistic and accurate 
representation of thermal comfort. By incorporating mood states, this model acknowledges that thermal comfort is not solely a 
physical phenomenon but is also deeply intertwined with psychological well-being. The use of the POMS questionnaire allows for the 
systematic assessment of mood, capturing both positive and negative states, and their potential impact on thermal comfort 
perceptions.

4.2 Limitations
Although some research has been conducted on the effects of psychological adjustments on thermal comfort and sensation, 
particularly in a quantitative manner, there are notable limitations in these studies that suggest future research directions.

Firstly, many studies have focused on specific nationalities, which might not account for the variations in cultural experiences and 
adaptations across different countries[49,50]. Different cultural backgrounds can influence the selection of mood states in the POMS 
survey and, consequently, the perception of thermal comfort. Therefore, future research should involve participants from multiple 
nations to comprehensively examine the effects of human psychology on thermal comfort across diverse cultural settings.

Secondly, the experiments conducted so far have often been limited to a single climatic region. This approach does not adequately 
address the impact of different climatic adaptations on thermal perception by inspecting the state of mind of the individuals. 
Considering that human psychology and thermal comfort might be influenced by climatic adaptations[51,52], future studies should be 
carried out in multiple climatic zones to provide a more holistic understanding of these effects.

Another important factor is the age range of participants. Most studies have been conducted with university or college students, 
which represent a narrow age interval. This demographic limitation may change the results, as the state of mind and its effect on 
thermal comfort can vary significantly with age[53,54]. Future research should include a broader age range, and specific models should 
be developed to address the thermal comfort needs of elderly populations.

Finally, integrating the developed models that consider psychological factors into existing HVAC systems can enhance their efficiency 
and improve overall thermal comfort. This integration could lead to more personalized and adaptive thermal environments in 
buildings.

4.3 Future works
Future studies should involve diverse nationalities to account for cultural differences, and multiple climatic zones to understand 
regional adaptations. Additionally, broadening the age range of participants will help develop more inclusive models, particularly for 
the elderly. Integrating these refined models into existing HVAC systems can lead to enhanced thermal comfort and energy efficiency 
in buildings. Addressing these areas will advance our understanding and application of psychological factors in thermal comfort 
research. Incorporating refined models into existing HVAC systems can enhance both thermal comfort and energy efficiency in 
buildings. Besides, designers and facility managers can leverage insights from these studies to create environments that not only 
meet physical comfort requirements but also support psychological well-being.

5. Conclusion
Studies provide insights into how psychological factors, such as mood states, influence thermal comfort. Understanding these 
relationships can help design study environments that improve student comfort and wellbeing, highlighting the need to consider 
psychological components alongside physical environmental factors. In another words, studies suggesting that psychological factors 
must be integrated into the design and evaluation of indoor spaces to enhance overall comfort and satisfaction.

Studies which consider the state of mind were conducted generally in qualitative way. Besides, a few research available in aspects of 
quantitative. In one of the major quantitative studies found mood state correction factors as known as Turhan et al. [34] coefficients 
which underscores the importance of considering psychological factors when assessing thermal comfort, as mood states can 
significantly modify the perceived thermal environment, potentially leading to more personalized and accurate thermal comfort 
models. The coefficients were determined to be -0.125 and -0.014 for individuals with very pessimistic and very optimistic mood 
states, respectively. Furthermore, these coefficients approach zero as the mood states of occupants become more neutral. Thus, for 
individuals experiencing less or more levels of concern, the effect becomes more pronounced[34].

J Build Des Environ. 2024;2:35255 | https://doi.org/10.37155/2811-0730-0302-16 Page 8 of 11

https://doi.org/10.37155/2811-0730-0302-16


By recognizing and incorporating the complex interplay between mood and thermal comfort, future research and applications can 
achieve more comprehensive and effective solutions for promoting well-being in built environments.
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