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Abstract: Understanding the relationship between thermal comfort and adaptive behaviour
in office environments is important for designing sustainable and occupant-centric build-
ings. This study investigates the thermal sensation, comfort preferences, and adaptive
behaviours of occupants in five Indian and two Lithuanian offices. Indoor environmental
parameters were measured, and online thermal comfort surveys were carried out. In total,
274 responses were collected. Differences between the two countries were observed in per-
ception of the indoor thermal environment, comfort preferences, and adaptive behaviours.
In the Indian offices, despite experiencing higher temperatures and relative humidity, most
occupants reported feeling thermally neutral or slightly cool. In the Lithuanian offices
(measured in the heating season), a third of the occupants felt slightly cool and another
third slightly warm. Occupants in the Indian offices (limited direct access to temperature
control, greater prevalence of business attire) showed a higher preference for adjusting the
temperature. The occupants in the Lithuanian offices (access to temperature control, more
flexible attire) preferred more frequently to adjust their clothing. Consumption of warm or
cold beverages for thermal adaptation was equally preferred in the two countries. About
86% of the occupants who did not choose any adaptations reported being comfortable, com-
pared to 65% of those who did. These findings highlight the associations between adaptive
behaviour and thermal comfort, emphasising the need to consider individual preferences,
environmental factors, and cultural norms in designing comfortable indoor environments.

Keywords: thermal sensation; building occupant; clothing adjustment; hot/cold drinks
consumption; indoor environment

1. Introduction
To achieve a more energy-efficient built environment, it is crucial to accurately predict

energy performance and implement energy-saving measures already at the design stage.
Although this can be achieved through numerical predictions, there is often a substantial
difference between building energy calculations and the actual energy consumption, which
forms the energy performance gap [1–4]. Occupant behaviour has been identified as one of
the factors responsible for this gap [5]. Actions that building occupants undertake with the
purpose of thermal adaptation can have significant consequences for the building’s energy
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use [6]. For example, the Japanese government’s “Cool Biz” campaign, launched in 2005,
demonstrates how changes in dress code together with temperature adjustments can lead
to significant reductions in a building’s carbon emissions [7–9]. It is therefore important to
understand the impact of occupant behaviour on the energy consumption of buildings.

Occupants have a natural tendency to adapt to their environment upon facing discom-
fort [10]. Various factors contribute to the behavioural patterns of occupants. These can
be physiological (e.g., age, sex, Body Mass Index (BMI), etc.), psychological (e.g., thermal
perception, thermal history, etc.), or other contextual factors, such as type of the building,
climate, season, culture, etc. [11–13]. For example, behavioural adaptations were found
to vary with season and economic status in residencies in India, with more adaptation
seen in residences with lower economic status without access to air conditioning [14]. In
a study conducted in 28 office buildings in India, window opening and fan operation
significantly influenced comfort conditions in Chennai with a warm-humid climate, but
not in Hyderabad with a composite climate [15]. In this study, females, younger occupants,
and people with low BMI had significantly higher comfort temperatures than males, older
occupants, and obese occupants, respectively [16].

The common adaptations in offices are clothing adaptations, opening/closing win-
dows, increasing/decreasing the temperature through controls, having hot/cold beverages,
and adjusting the activity level or position [16–19]. Occupants exhibit cold or hot adaptive
behaviours. Wiping sweat, taking off a piece of clothing, reducing the indoor temperature,
having a cold drink, etc. are examples of hot adaptive behaviours, while putting on a piece
of clothing, having a warm drink, increasing the indoor temperature, etc. are examples of
cold adaptive behaviours [20,21]. In office environments, individuals often face limited
choices for adaptation due to the presence of other people [21]. In some offices, there
could be limitations or restrictions imposed by the building management on adjusting the
environmental controls and windows are often inoperable. Additionally, there may be a
lack of awareness and understanding of the existing environmental control systems. Such
cases can severely impact the occupants’ thermal comfort and the choice of adaptations.
Occupant satisfaction is influenced by the level of personal control over the indoor environ-
mental factors. Occupant comfort and productivity are higher in buildings with easy and
unrestricted access to temperature controls and operable windows [22–24].

Occupants tend to prioritise the most readily available adaptation, which is also
employed more frequently [20]. For example, building occupants in open plan offices
prefer adaptations at a personal level, such as changing clothing or having warm/cold
drinks. If these adaptations are restricted (e.g., by dress codes), the adjustment of the
room temperature may be more desired, potentially leading to increased energy use.
However, occupants have different tolerance levels under different circumstances, and
they do not always exhibit adaptive behaviour instantly upon facing discomfort [25,26].
Indeed, thermal satisfaction may occur even outside the comfort range specified by relevant
standards [14,27].

To improve energy demand calculations and optimise building energy use, it is im-
portant to understand occupant behaviour in relation to thermal dissatisfaction [28]. The
objectives of this study are to investigate the thermal adaptation behaviour in two coun-
tries with different climates, buildings, and cultures (India and Lithuania) using the same
methodology, and explore the relationship between thermal adaptations and thermal com-
fort under these different conditions. The hot climate in southern India studied from May
to July presents a context in which occupants frequently adopt cooling strategies [29].
Lithuania’s temperate climate in April allows for studying occupant behaviours in the
heating period. This study does not aim to directly compare the two study populations
but to investigate thermal adaptation strategies under two different sets of conditions.
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This allows for a better understanding of how contextual factors such as climate, building
design, and culture might influence thermal comfort and related occupant behaviour.

2. Materials and Methods
The study was performed in seven office buildings, five situated in India (IN1–IN5)

and two in Lithuania (LT1 and LT2), as detailed in Table 1. The countries were selected to
cover two different climates and cultures, which are reflected in the differences in building
construction, cultural norms, corporate culture, occupant behaviours, etc. For instance,
dress code tends to be stricter in Indian offices compared to the relatively flexible norms
observed in Lithuanian offices. One floor in each building was selected for the study.
The investigated area in each building included an open plan office with a minimum of
20 employees with individual workstations. Each office had a mechanical ventilation
system, and only two offices (IN5 and LT1) had operable windows. To investigate the
differences in the occupants’ behavioural adaptations for thermal comfort, data were
collected using an online questionnaire survey, indoor environmental measurements, and
observations regarding office characteristics.

2.1. Selected Offices
2.1.1. Offices in India

The five offices (IN1–IN5) surveyed were situated in the city of Hyderabad, India
(latitude: 17.3850◦ N, longitude: 78.4867◦ E). Hyderabad is in the southern region of India,
with an elevation of 540 m. It has a population of 10.5 million. The city has a tropical
wet and dry climate (Köppen climate classification Aw) bordering with a hot semi-arid
climate (Köppen climate classification BSh). Summers are typically hot, with temperatures
frequently exceeding 40 ◦C, while the monsoon season, from June to September, brings
substantial rainfall. Winters are mild, with average daytime temperatures around 25 ◦C,
and nighttime temperatures can be below 15 ◦C. The city’s climate is influenced by its inland
location and elevation, leading to moderate humidity levels throughout the year. According
to the Indian National Building Code, the climate is composite, with an average annual
maximum temperature of 32.7 ◦C and an average annual minimum of 21.4 ◦C [30–32].

The selected offices reflect the Indian office building stock: IN4 is a newly constructed
building, IN2 and IN5 were constructed a decade ago, while IN1 and IN3 are approximately
20 years old. All of the buildings are reinforced concrete structures in high-density urban
neighbourhoods with the exception of IN4, which is located in suburban area. The office
spaces considered in the study were all open plan offices. Smaller individual offices (cabins)
and meeting rooms, often present along the outer walls, were not considered in this study.
The details of each office space are given in Table 1. In offices IN1-IN4, the temperature
control was delegated to one person, usually the janitorial staff. The employees in the
open plan area had to request this person to alter the temperature or the fan speed of the
air-conditioning system. In office IN5, an air-conditioning controller was available to the
occupants. Since the offices IN2 and IN5 were small and had low occupancy, one 4-way
cassette A/C was installed in the open plan area. Variable Refrigerant Flow (VRF) systems
were installed in three of the offices (IN1, IN3, and IN4). VRF is the most common type
of HVAC system in offices and commercial spaces in the city, and is often used in spaces
with high occupancy. The system utilises one outdoor unit connected to multiple indoor
units. In offices IN1-IN4, the occupants in the open plan area did not have direct access to
the windows, but they had a view to the outdoors through the curtain wall of the cabins
(individual offices).
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Table 1. Description of the offices.

IN1 IN2 IN3 IN4 IN5 LT1 LT2

Monitoring
period

23 May
to 29 May, 2022

31 May
to 6 June, 2022

23 June
to 29 June, 2022

4 July
to 10 July, 2022

21 July
to 28 July, 2022

3 April
to 12 April, 2023

24 April
to 30 April, 2023

Season Summer Summer Monsoon Monsoon Monsoon Spring (heating) Spring (heating)

Floor number
of the building/

Total number
of floors

4/4 8/12 9/15 5/5 2/4 3/4 3/5

Floor area (m2) 462 107 557 1115 110 1096 600

No. of
workstations 102 25 100 250 45 235 46

No. of employees 85 23 98 165 25 128 50

Occupant density
(m2/person)

5.4 4.7 5.7 6.8 4.4 8.6 12

HVAC control On
request

On
request

On
request

On
request Direct 1 Direct 1 Direct 1

Flexibility
in clothing No Yes No No No Yes Yes

Operable
windows (open

plan offices)
No No No No Yes Yes No

1 Can directly control using the remote control or the nearest thermostat.

The occupants in these buildings were encouraged to wear formal business attire.
A specific dress code is not mandated; some flexibility within reasonable limits is permitted,
allowing for attire such as jeans and t-shirts. For women, acceptable clothing for offices
both culturally and professionally include the traditional chudidhar-kameez (also called
salwar-kameez). A dupatta (light-weight scarf) is worn as a part of the chudidhar-kameez
ensemble. It can cover the upper body or the head. The dupatta can also be used for easy
clothing adaptation in the indoor environment [33]. Another attire often preferred by
women in offices is the kurti-leggings or kurti-jeans combination.

2.1.2. Offices in Lithuania

The two offices surveyed, LT1 and LT2, were situated in the cities of Vilnius (latitude:
54.687157◦ N, longitude: 25.279652◦ E), which is at an elevation of 112 m, and Kaunas
(latitude: 54.898521◦N, longitude: 23.903597◦ E) at an elevation of 48 m, respectively. Vilnius
has a population of about 700,000, while Kaunas has about 300,000. Overall, the climate
in Lithuania can be classified as humid continental (Köppen climate classification Dfb),
with cold winters and mild summers. Winters often have temperatures below freezing,
with snow common from December to February, while summers are relatively short, with
daytime temperatures typically ranging between 15 ◦C and 25 ◦C. Precipitation is distributed
throughout the year, with the highest amounts in summer and autumn. The climate is
influenced by both maritime and continental weather patterns, leading to significant seasonal
temperature variation. Vilnius and Kaunas, the two surveyed cities, experience similar
weather conditions, with colder temperatures in winter and pleasant, milder temperatures
during the summer months. Vilnius has an average annual maximum temperature of 13 ◦C
and an average annual minimum of 4 ◦C [34], while Kaunas has an average annual maximum
temperature of 13 ◦C and an average annual minimum of 5 ◦C [35].

The selected offices are a part of typical, newly constructed office buildings in Lithua-
nia. They feature concrete constructions and high-glazing facades. These offices had open
plan layouts with additional cabins and conference rooms. District heating was the primary
heating system in both buildings. The building in Kaunas (LT2) could also be heated and
cooled using ground source heat pumps. Thermally Activated Building Systems (TABS)
and built-in fan convectors were used for both heating and cooling. Radiators and under-
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floor heating were used in common areas. During periods of extra demand in the summer,
additional air source heat pumps could be used for cooling. The office had a mechanical
variable air volume (VAV) ventilation system with heat recovery. The office in Vilnius (LT1)
employed air source heat pumps for cooling. It was equipped with VAV systems integrated
into the main VRF system. The Vilnius office relies on standard radiator heating. Both
offices have centralised control systems for cooling and heating, which are regulated based
on outdoor temperature sensors. Furthermore, individual temperature adjustments can
be made in different areas by the employees. All occupants in the LT1 office had access to
operable windows. In the LT2 office, the windows were not operable, but the occupants
had a view to the outdoors, as they were situated right next to the glazed façade. The
employees were flexible regarding their attire, typically adhering to casual office wear.

2.2. Data Collection

The data collection period in the Indian offices lasted from May to July 2022, and in
the Lithuanian offices it was in April 2023. An online survey covering thermal perception,
adaptive behaviour, and building related symptoms (BRS) was sent to all employees in
each of the seven offices over the one-week period during which measurements of the
thermal environment were conducted. Every morning during this period, the employees
received an email from their respective human resources department reminding them to
fill the survey. The survey was filled once per employee. In the Indian offices, the response
rate was 58.6%. The average age of the 232 respondents was 31.6 years (SD 7.9 years).
Among the respondents, 173 were men and 59 were women. The average Body Mass
Index (BMI) was 24.9 kg/m2 (SD 4.5 kg/m2). In the Lithuanian offices, the response
rate for the survey was 23.6%. The average age of the 42 respondents was 31.2 years
(SD 6.4 years). Among the respondents, 25 were men and 17 were women. The average
BMI was 21.0 kg/m2 (SD 3.2 kg/m2) (Table 2). The mean clothing insulation for female
occupants (Icl = 0.77 clo), and for male occupants (Icl = 0.69 clo) in the Indian offices was
obtained by summing the clothing insulation values for each garment in a typical ensemble
taken from the literature [36]. The clothing insulation value (Icl = 0.7 clo) for the Lithuanian
work environment was used as specified by the appropriate standard [37]. The variation
in the clothing was similar across all offices. All employees had desk jobs; therefore, the
considered activity level was 1.2 MET, in both Indian and Lithuanian offices.

Table 2. Description of the occupants of the offices.

IN1 IN2 IN3 IN4 IN5 LT1 LT2

Total number of occupants 85 23 98 165 25 128 50

Total responses 62 19 53 78 20 26 16

Response rate (%) 72.9 82.6 54.1 47.3 80 20.3 32

Gender (respondents)
(Male/Female) 40/22 7/12 49/4 61/17 16/4 14/12 11/5

Age (years)
(mean ± SD) 28 ± 5.58 27 ± 5 30 ± 0.07 37 ± 8.72 30 ± 5.22 33 ± 7.0 29 ± 4.65

Height (m)
(mean ± SD) 1.7 ± 0.07 1.6 ± 0.07 1.7 ± 0.07 1.68 ± 0.08 1.67 ± 0.07 1.77 ± 0.09 1.78 ± 0.11

Weight (kg)
(mean ± SD) 67.2 ± 12.11 59.3 ± 12.43 72.2 ± 12.83 72.6 ± 13.02 77 ± 14.4 73.0 ± 12.2 77.1 ± 14.6

BMI (kg/m2)
(mean ± SD)

24.3 ± 3.96 22.2 ± 4.25 24.8 ± 4.25 25.4 ± 4.35 27.9 ± 5.45 20.57 ± 2.8 21.6 ± 3.74

2.2.1. General Overview of the Questionnaire

The online survey tool, Zoho Survey, was used for the study. In both countries, the
survey was conducted in English. The survey consisted of four sections. Section 1 gathered
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basic information about the individual, such as age, gender, height, weight, work timings,
job title, work desk location, etc. Section 2 gathered data about the occupants’ perception
of the indoor environment at the time of filling the questionnaire (i.e., “right now”). The
section included questions regarding discomfort due to light, noise, air quality, and the
thermal environment. The ASHRAE seven-point thermal sensation scale [38] was used
to evaluate the thermal environment by the occupants. The comfort questions regarding
thermal comfort and air quality had four answer choices from “Very uncomfortable” to
“Very comfortable”. The thermal preference question had five answer choices ranging from
“Much warmer” to “Much cooler” (Table 3). Section 3 gathered information similar to
Section 2, but with a focus on the whole year, which depended on the memory recall of
the occupants. Each question had the answer choices separately for each season specific
to the two countries (Table 4). Section 4 gathered data about the adaptive behaviour, BRS
(i.e., fatigue, nausea, headaches, etc.), and general dissatisfaction at the work desk
(i.e., office lighting, dust, etc.).

Table 3. Thermal environment questionnaire scales.

Thermal
Sensation

Very Cold
(−3)

Cold
(−2)

Slightly
Cool (−1)

Neutral
(0)

Slightly
Warm (+1)

Hot
(+2)

Very Hot
(+3)

Thermal
comfort

Very
uncomfortable

Slightly
uncomfortable

Slightly
comfortable

Very
comfortable

Thermal
preference Much warmer Warmer Unchanged Cooler Much cooler

Table 4. Distinct seasons and their periods in India and Lithuania.

Months India Lithuania

December to February Winter Winter

March to May Summer Spring

June to September Monsoon Summer

October to November Autumn Autumn

The questions about adaptive behaviour focused on memory recall of the occupants.
The list of adaptations included adjusting clothing before coming to the office, adjusting
clothing while in the office, request to increase the temperature, request to decrease the
temperature, have a warm drink, have a cold drink, and use of a personal heater/fan.
The occupants were asked how often they would opt for a particular adaptation reflecting
the average behaviour over a given season. The survey in the Indian offices asked the
occupants to assume the worst season that they have experienced in terms of need for
adaptive behaviour. The summer season is generally the hottest and most uncomfortable
in this part of India, which is regarded as the worst season. The survey in the Lithuanian
offices had two parts to the question about adaptations: summer and winter, with the
same answer choices. In the buildings in Lithuania, the summer season is regarded as the
most challenging in terms of thermal satisfaction. Data pertaining to the winter season
is provided in the Supporting Information. Additionally in the Lithuanian survey, the
“adjusting clothing while in office” option was split into “adding a piece of clothing” and
“removing a piece of clothing” (Table S1).

The survey respondents were provided with four response choices for each adaptation:
“Never”, “Few times a month”, “Few times a week”, and “On a daily basis”. For analytical
purposes, responses “Never” and “Few times a month” were consolidated into “Almost
never” to denote adaptations that were rarely preferred, while “Few times a week” and
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“On a daily basis” were consolidated into “Frequently”. Similarly, the “Very uncomfort-
able” and “Slightly uncomfortable” answer choices were consolidated and considered as
“Uncomfortable”, and the “Slightly comfortable” and “Very comfortable” answer choices
were consolidated into “Comfortable”.

The survey questions were prepared based on a review of the literature. Five experts
in indoor environmental science tested the questionnaire and assessed the relevance of each
question using a 4-point scale: “Not relevant”, “Somewhat relevant”, “Quite relevant”, and
“Highly relevant”. “Quite relevant” and “Highly relevant” were assigned the value of 1.
“Not relevant” and “Somewhat relevant” were assigned the value of 0. The Content Validity
Index (CVI) for each item was determined by dividing the number of experts in agreement
by the total number of experts [39]. The questions which had low CVI (less than 1.0), were
either modified or removed. The average CVI across all the questions (CVI/Ave) indicates
the proportion of items that achieved votes of high relevance. For a panel of five experts,
the CVI/Ave is considered acceptable if it is 0.80 or larger [40]. For our final survey, the
value is 0.84. The indicator CVI/UA is the proportion of items receiving “relevant” rating
by all experts, i.e., there is a universal agreement (UA) among the experts. This index is
considered acceptable for a panel of five experts if the value is 0.80 or larger [39]. For our
final survey, the value is 0.81.

2.2.2. Objective Measurements

Air temperature, relative humidity, and concentrations of CO2 were measured using
the IC-Meter Indoor Climate Monitors (IC-Meter, Aalborg, Denmark). The devices were
connected to the internet via the GPRS (General Packet Radio Service), which allowed the data
to be transmitted to a server and monitored anytime. In each of the offices, eight monitors
were placed in the open plan area for a period of one week. The instruments recorded data
every five minutes. The instruments were placed on the work desks at a height of 0.8 m
from the ground [38]. The sensors were placed around the office in a way that the largest
distance from any occupant to the nearest sensor was less than 1 m in IN2 and IN5 (small floor
area offices) and 5 m in the rest of the offices (large floor area offices). The sensors inside the
IC-Meters, their measurement range, and accuracies are detailed in Table 5. The timestamps
on each of the survey responses were used to identify the corresponding measurement data,
which represented the environment nearest to the person filling the survey. These data were
used for an analysis of the associations between the measured values and survey responses to
the “right-now” questions (Section 2 of the questionnaire).

Table 5. Description of sensors used in the IC-Meter.

Parameter Sensor Range Accuracy

Temperature Sensirion SHT21 −40 ◦C to 125 ◦C ±0.3 ◦C

Relative Humidity Sensirion SHT21 0 to 100% ±2.0%

CO2 SenseAir S8 400 to 2000 ppm ±30 ppm
(±3% of reading)

3. Results and Discussion
3.1. “Right-Now” Survey Questions and Measured Data

About 46% of occupants in the Indian offices reported feeling thermally “neutral”, while
around 22% indicated feeling “slightly cool” (Figure 1). Conversely, only 28% of occupants
reported thermal discomfort despite the relatively high indoor temperatures (Figure 2, Table 6).
Indian occupants are accustomed to the warm and humid climate, which likely increases their
tolerance of higher temperatures and reduces discomfort under such conditions. This can be
attributed to the principles of adaptive thermal comfort theory [41,42]. Approximately 44% of
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occupants preferred a slightly cooler thermal environment, while 31% preferred it to remain
unchanged (Figure 3). At the time of filling the survey, the average indoor temperature in
Indian offices was 26.6 ◦C with an average relative humidity of 53.4%.
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Table 6. Temperature and relative humidity at the time of filling the survey and outdoor temperatures
during the week of the study period. Offices in IN were measured in May-August 2022, offices in LT
in April 2023.

Office
Indoor Air

Temperature (◦C)
Average ± SD

Relative Humidity (%)
Average ± SD

Average Outdoor
Temperature (◦C) for the

Week of the Experiment (High)

Average Outdoor
Temperature (◦C) for the

Week of the Experiment (Low)

IN1 28.6 ± 1.5 40.6 ± 2.5 38.9 26.9

IN2 28.8 ± 0.6 42.5 ± 2.9 39.4 26.0

IN3 25.6 ± 0.9 55.8 ± 4.0 31.9 23.3

IN4 25.3 ± 1.0 69.4 ± 6.4 28.0 21.9

IN5 24.9 ± 1.0 58.9 ± 4.4 29.4 22.6

LT1 23.1 ± 1.0 26.6 ± 2.8 12.3 2.2

LT2 22.4 ± 0.5 41.9 ± 2.5 14.6 2.7
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Figure 3. Thermal preference votes at the time of survey completion.

In the Lithuanian offices, approximately 33% of occupants reported feeling “slightly
cool”, while another 33% reported feeling “slightly warm”, with only 21% indicating feeling
“neutral” (Figure 1). Approximately 35% of occupants reported thermal discomfort (Figure 2).
Around 48% of occupants preferred their environment to remain unchanged, while 33%
preferred it to be slightly warmer (Figure 3). At the time of filling the survey, the average
indoor temperature was 22.8 ◦C and the average relative humidity was 34.2% (Table 6).

Table 7 shows the occupants’ thermal sensation and thermal comfort responses to the
“right-now” questions. The thermal sensation vote (also referred to as the Actual Mean Vote,
AMV) and the thermal comfort (Actual Percentage of Dissatisfied, APD) results from the sur-
vey reflect the conditions during the brief period of time when the survey was completed. The
Predicted Mean Vote (baseline PMV) and the Predicted Percentage of Dissatisfied (PPD) were
calculated using the online thermal comfort tool developed by the University of California,
Berkeley, based on the ASHRAE 55 standard [38]. Since the radiant temperature and air speed
were not measured, the mean radiant temperature (MRT) was assumed to be equal to the air
temperature (T_air), and an average air speed of 0.1 m/s was assumed. It should be noted
that pedestal/wall-mounted fans were employed in areas of insufficient air movement in
offices IN1 and IN3. However, the effect of these fans on overall air movement was minimal
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as they only affected the occupants sitting right in front of them and they were not used all the
time. Substantial differences were observed between the predicted thermal comfort indicators
and the occupants’ responses to the “right-now” questions.

Table 7. PMV and PPD for all offices (“right-now” conditions). The compliance with ASHRAE 55
standard is based on the thermal comfort tool.

Office Study Period AMV
Average ± SD

Baseline PMV
Average ± SD APD (%) Baseline

PPD (%)
ASHRAE 55
Compliant

IN1
(N = 62) 23 May–29 May 2022 0.1 ± 1.2 1.2 ± 0.4 45 37 No

IN2
(N = 19) 31 May–6 June 2022 −0.4 ± 1.1 1.3 ± 0.2 21 39 No

IN3
(N = 53) 23 June–29 June 2022 −0.5 ± 1.1 0.6 ± 0.2 23 13 No

IN4
(N = 78) 4 July–10 July 2022 −0.3 ± 0.8 0.6 ± 0.3 17 14 No

IN5
(N = 20) 21 July–28 July 2022 −0.9 ± 1.2 0.4 ± 0.3 35 10 Yes

LT1
(N = 26) 3 April–12 April 2023 0.3 ± 1.1 −0.3 ± 0.2 23 8 Yes

LT2
(N = 16) 24 April–30 April 2023 −0.4 ± 0.9 −0.4 ± 0.1 56 9 Yes

3.1.1. Thermal Sensation of the Occupants

In the Indian offices, the mean AMV ranged from −0.9 to 0.1, indicating neutral to
cool thermal sensation. The mean baseline PMV was between 0.4 and 1.3 indicating that
the occupants felt neutral to slightly warm (Figure 4). For the occupants in LT1, the mean
AMV was 0.3 and the mean baseline PMV was −0.3 indicating the thermal conditions to be
close to neutral. Similarly, the mean AMV and mean baseline PMV in LT2 were both −0.4,
indicating the thermal conditions to be close to neutral.
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respectively.
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The actual evaluations of thermal comfort by occupants (AMV) exhibit a large
variability within the different office environments. For instance, in office IN1, the AMV
values range from −3.0 to 2.0 with a mean of 0.15, and an IQR from 0.0 to 1.0. This
pattern is consistent across all offices, highlighting the subjective nature of occupant
comfort assessments (Figure 4). The PMV values show a narrower range, indicating a
more uniform prediction of thermal comfort based on environmental parameters (some
assumed) such as radiant temperature, relative humidity, and air speed. As expected,
there was a significant discrepancy between predicted comfort levels and actual occu-
pant experiences. The difference between AMV and PMV was relatively large in the
Indian offices (absolute difference between 0.88 and 1.64), and smaller in the Lithuanian
offices (0.68 and 0.05). This occurs because comfort perceptions are influenced by var-
ious factors, not limited to indoor environmental conditions, building characteristics,
occupant density, male/female ratio, dress code, possibilities for adaptive behaviour,
and individual differences between occupants. Moreover, the lack of measured radiant
temperature and air speed and the use of standard values in the calculation of PMV
add further uncertainties. We have therefore conducted a sensitivity analysis where we
calculated the PMV for two additional scenarios to provide a range of possible PMV
values, with the expectation that the actual values lie between these:

• PMV1 (air speed = 0.1 m/s, increased mean radiant temperature by 1 ◦C):

This scenario assumes a lower air speed of 0.1 m/s and a mean radiant temperature
(MRT) 1 ◦C higher than the air temperature. It is intended to reflect an indoor environment
during transitional seasons or in spaces with active heating, such as in Lithuanian offices
during the spring.

• PMV2 (air speed = 0.2 m/s, decreased mean radiant temperature by −1 ◦C):

This scenario considers a higher air speed of 0.2 m/s and a mean radiant temperature
1 ◦C lower than the air temperature. It aims to represent an indoor environment with
increased ventilation, air conditioning or additional air movement, such as in Indian offices
during the summer.

For all Indian offices, the PMV1 scenario resulted in a uniform increase in average
PMV by 0.1 compared to the baseline (Table S2). The PMV2 scenario showed a uniform
decrease in average PMV by 0.4, resulting in a predicted thermal sensation closer to thermal
neutrality and a decreased gap between AMV and PMV. For the Lithuanian offices, the
PMV1 scenario yielded a slight increase of 0.1 in average PMV compared to the baseline.
The PMV2 scenario resulted in a decrease in average PMV by 0.4 for LT1 and 0.3 for LT2,
resulting in a predicted thermal sensation farther from thermal neutrality and an increased
gap between AMV and PMV. Overall, however, MRT and air speed (within the reasonable
ranges selected) have a relatively small effect on the overall trends observed for thermal
sensation (Figure 4).

3.1.2. Perception of Thermal Comfort

The Indian offices exhibited APD between 17% and 45% (Table 7), exceeding what
would be predicted based on measurements (PPD between 10% and 39%). A significant
proportion of the occupants found the thermal conditions uncomfortable. The Lithuanian
offices, characterised by lower indoor temperatures and relative humidity, had APD 23%
and 56%, while the corresponding PPD was 8% and 9%, respectively, again indicating
a lower predicted dissatisfaction based on standard thermal comfort models. The com-
fort temperature can be defined as the temperature at which most occupants would feel
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comfortable. It can be calculated using the Griffiths method [43], which is given by the
following equation:

Tc = Ti + (0 − TSV)/G (1)

where
Tc—comfort temperature (◦C)
Ti—measured indoor air temperature at the time of filling the survey (◦C)
TSV—thermal sensation vote, AMV
G—Griffiths constant (0.5 ◦C−1)

The comfort temperature (Tc) was calculated for each of the 274 occupants individ-
ually using their thermal sensation during the survey and the corresponding measured
air temperature at the time when the survey was filled in. Figure 5 shows the average
measured indoor air temperature at the time of filling the survey (Ti), average thermal
comfort temperature (Tc), and average preferred temperature (Tp; see Section 3.1.3
“Thermal Preference of Occupants”) in each office. The comfort temperature aligned
relatively well with the average indoor temperature. The comfort temperature was
0.7–1.8 ◦C higher in IN2 compared to IN5, while it was 0.3 ◦C lower in IN1 (Figure 5).
The average Tc was 0.7 ◦C lower than the average indoor temperature in LT1, but it
was 0.9 ◦C higher in LT2.
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3.1.3. Thermal Preference of Occupants

Based on the Thermal Preference Vote (TPV) (Table 4), 44% of the Indian occupants
preferred a slightly cooler environment and 31% preferred unchanged conditions (Figure 3).
In the Lithuanian offices, 48% of occupants preferred unchanged conditions, while 33%
preferred slightly warmer conditions. Differences in the preferences are caused by the
observed temperatures and other factors such as climate, cultural norms, and individual
comfort preferences. For instance, the survey in India was conducted during the warm
months (May to July), while the Lithuanian survey was conducted in April with relatively
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cool outdoor temperatures. The preferred temperature was calculated using the following
Griffiths method [43]:

Tp = Ti + (0 − TPV)/G (2)

where
Tp—preferred temperature (◦C)
Ti—measured indoor air temperature at the time of filling the survey (◦C)
TPV—thermal preference vote, TPV
G—Griffiths constant (0.5 ◦C−1)

The preferred temperature (Tp) was calculated for the 274 occupants individually using
their thermal preference votes during the survey and the corresponding measured air temper-
ature at the time when the survey was filled in (Figure 5). In the Indian offices, the average
preferred temperatures (ranging from 24.6 ◦C to 27.6 ◦C) were lower than the measured indoor
air temperatures at the time of filling the survey (ranging from 24.9 ◦C to 28.8 ◦C) and lower
than the comfort temperatures (ranging from 25.9 ◦C to 29.5 ◦C). The difference between
the preferred temperature and indoor air temperature was between 0.3 and 1.2 ◦C and the
difference between the preferred temperature and comfort temperature was between 0.9 and
2.1 ◦C. The preferred temperatures in LT1 were similar to the indoor air temperature (higher
than the comfort temperature), while in LT2 it was higher than the indoor air temperature
(similar to the comfort temperature). Occupants in the IN3, IN4, IN5, and LT1 offices preferred
temperatures close to the actual indoor temperatures.

Measured indoor temperatures, comfort temperatures, and preferred temperatures
follow similar trends, being highest in IN1 and IN2 where both indoor and outdoor temper-
atures were the highest, followed by IN3, IN4, and IN5, and lowest in LT1 and LT2 where
the indoor and outdoor temperatures were the lowest. The Pearson correlation coefficient
between Tc and Tp is 0.65 (p = 0.000). The indoor temperature is strongly correlated with
Tc and Tp, with Pearson’s correlation coefficients of 0.69 and 0.73, respectively, both highly
significant (p = 0.000). These results may be influenced by several factors, including climatic
differences, as well as building design, HVAC systems, cultural norms, and adaptability
(see Section 3.1.4 “Adaptive Thermal Comfort Model”).

3.1.4. Adaptive Thermal Comfort Model

Figure 6 shows indoor temperatures for each occupant in the Indian offices at the time
of filling the survey, plotted against the daily running mean outdoor temperatures. As per
ASHRAE 55-2020 [38], the upper and lower limits with 80% acceptability were calculated
using the following equations:

Upper 80% acceptability limit (◦C) = 0.31 tpma(out) + 21.3 (3)

Lower 80% acceptability limit (◦C) = 0.31 tpma(out) + 14.3 (4)

where tpma(out) is the prevailing mean outdoor air temperature which was calculated using
the weighting criteria for the mean daily outdoor air temperatures of seven sequential days
prior to each day considered [44]. The application of the ASHRAE 55 adaptive thermal
comfort model was not designed for prevailing mean outdoor temperatures above 33.5 ◦C
or below 10 ◦C.

For the Indian offices IN1 and IN2, higher outdoor temperatures were recorded as it
was the summer season with minimum running mean outdoor temperatures of 30.6 ◦C and
33.2 ◦C, respectively. For offices IN3, IN4, and IN5, measured near the onset of the monsoon
season, the minimum running mean outdoor temperatures were 27.3 ◦C, 22.8 ◦C, and 25.6
◦C, respectively. Despite air conditioning, indoor temperatures remained relatively high.
However, the findings of the Indian Model for Adaptive Comfort (IMAC) reveal that the
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Indian office occupants are adaptive and tolerant towards warmer temperatures [29,45]. In-
door temperatures were within the adaptive comfort range given in ASHRAE 55-2020 [38]
for 97% of the respondents (Figure 6). Cases where temperatures exceeded these lim-
its could be due to employees working beyond standard office hours. The central air-
conditioning systems were turned off outside the office hours. Additionally, when the
occupants arrived in the morning just when the air conditioning was turned on, the indoor
temperatures required a period of time to decrease which could also explain the 3% of
the respondents being outside the adaptive comfort range. The consistently high indoor
temperatures despite the usage of air conditioning could be attributed to the low cooling
capacity of the air-conditioning systems. Moreover, since the offices are a part of the con-
crete building structures, inadequate insulation may result in heat accumulation and high
indoor temperatures.
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The Lithuanian offices were investigated in the transitional spring season. The min-
imum running mean outdoor temperature was 2.7 ◦C and 9.4 ◦C, for LT1 and LT2, re-
spectively. The running mean outdoor temperature for 29% of the respondents lied in
ASHRAE 55 applicability range of 10–33.5 ◦C. The remaining 71% of data were below 10 ◦C
of the running mean outdoor temperature. Here, the same thermal comfort range has
been considered as for 10 ◦C (dashed lines in Figure 7). With this, 93% of the respondents
were thermally comfortable. A larger variation in indoor temperatures was observed for
the same outdoor temperatures in office LT1. It should also be noted that the adaptive
thermal comfort model is not applicable for spaces without operable windows and with
an operating air-conditioning. Most of our buildings used mechanical cooling and only
two of the seven offices had operable windows (IN5 and LT1). Although the adaptive
thermal comfort model is typically not applicable under these conditions, it appears that it
could be extended to a broader range of conditions, as we encountered in the Indian offices
in this study. This suggests potential applicability beyond the current considerations of
ASHRAE 55. Whether this is also applicable for conditions observed in the Lithuanian
offices needs to be further investigated on a larger dataset.
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3.2. Adaptive Behaviour in the Offices

The analyses focus on seven key adaptations: adjusting clothing while in the office,
adjusting clothing before coming to the office, requesting an increase in room temperature,
requesting a decrease in room temperature, having a warm drink, having a cold drink, and
utilising a personal heater/fan. Occupants in India were asked about their preferred adap-
tations in the most uncomfortable season of the year. Since the temperatures in Hyderabad,
India, can reach up to 42 ◦C in the summer, it was considered the most uncomfortable season
by most occupants. The occupants in Lithuania were asked about their adaptations in the
summer and winter. Again, summer was considered the worst season. Table 8 details the
adaptation preferences in the two countries for the summer season.

Table 8. Adaptation preferences in offices in India (IN) and Lithuania (LT) in the summer season. The
questions about adding or removing clothing while in office, as asked in the LT offices, were merged
into a single category (“adjusting clothing while in office”) for consistency across the data.

Temperature Control
Adjustments

Beverage
Consumption

Clothing
Adjustments Other

Increase
temperature (%)

Decrease
temperature (%)

Warm
drink (%)

Cold
drink (%)

Before coming
to office (%)

While in
office (%)

Use of personal
heater/fan (%)

All
Occupants (N = 274) 36 27 43 34 20 22 6

Occupants (all) choosing
at least one of the
adaptations in the group

46 55 29 6

IN offices
(N=232) 38 28 44 33 18 17 7

Occupants (IN) choosing
at least one of the
adaptations in the group

47 55 24 7

LT offices
(N = 42) 26 21 36 41 33 45 2

Occupants (LT) choosing
at least one of the
adaptations in the group

38 55 60 2



Buildings 2025, 15, 766 16 of 24

About 46% of the study population preferred to adjust their thermal comfort by
regulating the temperature (Table 8). Beverage consumption emerged as a prevalent
adaptation method, with 55% of respondents incorporating warm or cold drinks into
their routines. This highlights the role of beverages in regulating body temperature and
maintaining a sense of comfort. Hot drinks were preferred by 43% of the occupants and
cold drinks by 34%. About 29% of occupants preferred to adjust their clothing, with 20%
making the adjustments before arriving at the office and 22% adjusting their outfits while
at work. The use of personal heaters or fans, however, was relatively infrequent, with only
6% of respondents employing their own personal devices.

On average, clothing adaptations were preferred by 24% of occupants in the Indian
offices, and 60% in the Lithuanian offices. About 18% of the Indian occupants preferred to
adjust their clothing before coming to the office, while 17% preferred to adjust their clothing
while in the office. In the Lithuanian offices, 33% preferred to adjust the clothing before
coming to the office, 45% added a piece of clothing and 29% removed a piece of clothing
while in the office when feeling discomfort. The adaptations through temperature regulation
were preferred by 47% of occupants in the Indian offices and 38% in the Lithuanian offices.
The adaptations through warm or cold drinks were preferred by 55% of the occupants in
both countries. The least preferred of all adaptations in both countries was using a personal
heater/fan, which was preferred by 7% of the occupants in India and 2% in Lithuania.

The Lithuanian occupants displayed a higher tendency for clothing adaptations. The
Indian occupants preferred to enhance their comfort with more energy-dependent adap-
tations, such as temperature control through air-conditioners, fans, etc. These adaptation
strategies reflect the local building conditions and environmental, climate, and cultural
influences (e.g., clothing style and flexibility, for example, business attire being more com-
mon in Indian offices) [46]. The adaptive preferences may be also linked to the perceived
and actual control over temperature regulation. Studies have shown that the availability
of temperature control and its proximity to the occupants has an influence on thermal
comfort [47,48]. In the Indian offices (except for IN5), occupants lacked direct temperature
control and operable windows, and they were required to submit requests to adjust the
temperature according to their preferences. Occupants in the Lithuanian offices enjoyed
direct access to temperature control through a thermostat, although with limitations on the
degree of adjustment. The thermostat allowed for ±2 ◦C adjustment around the tempera-
ture set by the building management. Perceived and actual control over the temperature
may be a significant factor influencing the occupants’ preferences for adaptation through
temperature regulation. The absence of direct control in Indian offices likely contributed to
the slightly higher desire for temperature control adaptations.

Adaptation preferences in the seven buildings are shown in Figures 8–14. In offices
IN1 and IN2, the most preferred adaptation to environmental conditions was increasing
the room temperature (60% and 58% of the occupants, respectively; Figures 8 and 9). In
offices IN3 and IN4 (Figures 10 and 11), the occupants especially preferred warm drinks,
51% and 38%, respectively. In IN5, a preference for cold drinks (65%) emerged as the
dominant adaptation, followed closely by warm drinks (60%) (Figure 12). In LT1, 50%
of the occupants preferred cold drinks as an adaptation, about 40% preferred adjusting
clothing (in the office or before coming to the office), and 35% preferred warm drinks
(Figure 13). LT2 showed a preference for adjusting clothing while in the office (50%) and
warm drinks (38%) (Figure 14). In all offices, the use of a personal heater/fan was the
least preferred adaptation, with only a handful of occupants opting for it. Overall, in
the Indian offices, adjusting the temperature and beverage consumption were the most
preferred, and in Lithuania offices adjusting clothing and beverage consumption were the
most preferred. It should be noted that in corporate culture it is a common practice to
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consume small amounts of hot drinks (tea or coffee) multiple times throughout the day
(likely culturally more pronounced in India). The question about beverages was framed to
prompt respondents to associate it specifically with adaptive behaviour aimed at enhancing
thermal comfort. However, it can be difficult to distinguish beverage consumption with
the purpose of achieving thermal comfort among beverage consumption for pleasure or
hydration, which can also have a beneficial effect on thermal comfort.
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Lithuania offices adjusting clothing and beverage consumption were the most preferred. 
It should be noted that in corporate culture it is a common practice to consume small 
amounts of hot drinks (tea or coffee) multiple times throughout the day (likely culturally 
more pronounced in India). The question about beverages was framed to prompt re-
spondents to associate it specifically with adaptive behaviour aimed at enhancing thermal 
comfort. However, it can be difficult to distinguish beverage consumption with the pur-
pose of achieving thermal comfort among beverage consumption for pleasure or hydra-
tion, which can also have a beneficial effect on thermal comfort. 
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3.3. Relationship Between Thermal Comfort and Adaptive Behaviours

Table 9 compares the thermal comfort as recalled by the occupants (for summer from
Section 3 of the questionnaire) with their recalled adaptive behaviour (summer being
considered the worst season in both countries). Among the 274 occupants across all seven
offices, 28% (78 occupants) felt thermally uncomfortable, while 72% (196 occupants) were
comfortable. About 30% (81 individuals) indicated that they do not opt for any kind of
adaptation. Among this group, 86% (70 occupants) reported being comfortable, while only
14% (11 occupants) reported discomfort (yet not choosing adaptive behaviour). The ma-
jority of occupants (70%, i.e., 193 occupants) employed at least one adaptation to regulate
their thermal comfort. Within this group, 35% (67 occupants) reported discomfort while
64% (126 occupants) reported being comfortable. Thus, the majority of the occupants who
did not choose any adaptation reported being comfortable, indicating that they recalled
satisfaction with the thermal condition without any changes to be made. A higher propor-
tion of individuals who chose adaptations reported discomfort compared to those in the
non-adapting group. However, more than half of the persons with adaptive behaviour were
comfortable. This may imply that among this population, adaptation increases comfort.
On the other hand, one-third of the occupants remained uncomfortable despite the adap-
tive behaviour. Adaptive behaviour alone may not guarantee the perception of comfort.
Moreover, there is likely variability in the effectiveness of the different adaptive behaviours.

Table 9. Thermal comfort and adaptive behaviour for the whole study population.

Total (N = 274) Uncomfortable Comfortable

No. and percentage of occupants who did
not opt for any kind of adaptations 81 (29.6%) 11 (14%) 70 (86%)

No. and percentage of occupants who
preferred at least one type of adaptation 193 (70.4%) 67 (35%) 126 (65%)

A substantial proportion of occupants, i.e., 29% (80 occupants) expressed a preference
for adjusting their clothing. About 22% (59 occupants) reported frequently adjusting
clothing while in the office and 20% (55 occupants) reported frequently adjusting their
clothing before coming to the office (Table 10). More than two thirds of those who frequently
adopted this behaviour reported generally being thermally comfortable (71%, 57 occupants),
and 29% (23 occupants) reported being uncomfortable. About 36% (99 occupants) preferred
to relatively frequently request to increase the temperature. A larger fraction of this
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group reported discomfort 45% (45 occupants) than occupants not choosing this adaptive
behaviour or occupants frequently choosing any other adaptive behaviour (except for the
use of personal heater/fan). The desire for temperature regulation may be most closely
related to thermal discomfort. About 55% (151 occupants) preferred to adapt by consuming
either hot or cold drinks. Among the 43% (117 occupants) who frequently opted for warm
drinks, discomfort was reported by 33% (39 occupants). In contrast, 34% (93 occupants)
frequently had cold drinks, and 37% (34 occupants) reported discomfort. Usage of personal
heaters/fans displayed a lower frequency 6% (16 occupants), and discomfort was reported
by 50% (8 occupants) of them.

Table 10. Reported thermal comfort stratified by adaptative behaviour (N = 274).

Adaptation Preference Total (% of Study
Population)

Uncomfortable
(% of Total)

Comfortable
(% of Total)

Adjust clothing while
in the office

Frequently 59 (22%) 18 (31%) 41 (69%)
Almost never 215 (78%) 60 (28%) 155 (72%)

Adjust clothing before
coming to the office

Frequently 55 (20%) 16 (29%) 39 (71%)
Almost never 219 (80%) 62 (28%) 157 (72%)

Any clothing adjustment Frequently 80 (29%) 23 (29%) 57 (71%)

Request to increase the
temperature

Frequently 99 (36%) 45 (45%) 54 (55%)
Almost never 175 (64%) 33 (19%) 142 (81%)

Request to decrease the
temperature

Frequently 73 (27%) 23 (32%) 50 (68%)
Almost never 201 (73%) 55 (27%) 146 (73%)

Any temperature change Frequently 126 (46%) 52 (41%) 74 (59%)

Have a warm drink Frequently 117 (43%) 39 (33%) 78 (67%)
Almost never 157 (57%) 39 (25%) 118 (75%)

Have a cold drink Frequently 93 (34%) 34 (37%) 59 (63%)
Almost never 181 (66%) 44 (24%) 137 (76%)

Any drink Frequently 151 (55%) 57 (38%) 94 (62%)

Use a personal heater/fan Frequently 16 (6%) 8 (50%) 8 (50%)
Almost never 258 (94%) 70 (27%) 188 (73%)

A slightly higher prevalence of being thermally comfortable was consistently observed
among individuals who never chose a specific adaptation, suggesting that they might not
require such measures. On the other hand, for those who do perform adaptive behaviour,
the chosen adaptive measures did not seem to elevate their comfort level to or above that
of those who do not opt for the specific adaptive behaviour. The difference is especially
pronounced for the adaptations “request to increase the temperature” and “use a personal
heater/fan”, where the effect of the adaptations would be expected to be greatest. However,
the survey did not explicitly inquire about the thermal comfort before or after undertaking
the adaptations. Thus, the results may also reflect the possible lack of clarity of the questions
in the survey. It is plausible that some respondents reflected on their thermal comfort while
taking adaptive behaviour consciously into account. Others may have done so without
considering adaptive behaviour. The consideration of adaptive behaviour can influence
the responses in various ways. For example, some occupants may have indicated comfort
because they were actively seeking adaptive measures to improve their thermal comfort
(65% of those felt comfortable; Table 9), while others may have indicated discomfort
due to the need for more adaptations (35% of those who took adaptive action were still
uncomfortable; Table 9). Future research should explore the temporal variation in comfort
perception before, during, and after the adoption of specific adaptive behaviours.

4. Limitations and Future Work
The link between adaptive behaviour and thermal comfort remains relatively un-

derstudied. The strength and novelty of this research lie in the examination of thermal
comfort and adaptation strategies in two countries characterised by different climates,
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building characteristics, and cultural contexts using the same methods. However, several
limitations of the study need to be acknowledged. Measurements of radiant temperature
and air speed were not conducted, which may have influenced the accuracy of thermal
comfort assessments. Additionally, the air speed and mean radiant temperature used for
calculations in the CBE Thermal Comfort tool were assumed to be 0.1 m/s and equal to
the air temperature, respectively, which may not accurately reflect the actual conditions in
the offices. The respondents in India were asked about their adaptations during the worst
season, while those in Lithuania were asked about their adaptations specifically during
summer and winter. To enhance consistency and enable possible comparisons, future
research should standardise the survey questions across seasons and regions. Furthermore,
the reliance on memory recall for assessing adaptive behaviours could introduce bias
and inaccuracies. This prevents directly linking the respondents’ thermal comfort to the
adaptative behaviour before, during, and after it occurs. Future research should address
this limitation by implementing real-time assessments of thermal comfort and adaptive
behaviours, providing a more comprehensive understanding of the dynamics between
thermal comfort perceptions and adaptive strategies.

The absence of window operation as an adaptation in the survey (where applicable)
represents a notable limitation in capturing all the different adaptive responses available
to occupants. The availability of operable windows, or other various adaptation options,
affects the general adaptive behaviour of the occupants. There were differences in the
available adaptations and other factors that influence occupant behaviour in the studied
buildings. Another limitation is the difference in the seasons during which the studies
were conducted in the two countries. The study in the Indian offices was conducted in
summer and monsoon seasons, whereas the study in Lithuania took place during the spring.
Season can significantly impact thermal comfort perceptions and adaptive behaviours. A
comparison of thermal comfort and adaptive behaviour across countries during corre-
sponding seasons would be warranted. Comparisons between buildings and countries in
our study should therefore be made with caution. Inclusion of a larger number of buildings
and building occupants would allow for a more comprehensive study of the relationship
between thermal comfort, adaptive behaviour, and associated factors. Additionally, the
study did not capture temporal variations in adaptive behaviour and thermal comfort.
Occupants’ preferences and preferred adaptive behaviour may change over time. Finally,
this study did not assess the thermal comfort and adaptive behaviour in individual offices
(cabins), which often offer greater opportunity for personalised environmental adjustments
resulting in different adaptive strategies. A comparison of adaptive behaviour between
open plan offices and individual offices is warranted.

5. Conclusions
This study investigated the relationship between thermal comfort and adaptive be-

haviour in office environments, with a particular focus on Indian and Lithuanian offices
representing diverse climates and cultural contexts. Noteworthy differences in thermal
sensation, comfort preferences, and adaptive behaviour were observed. Although Indian of-
fices experienced higher temperatures and relative humidity, most occupants felt thermally
neutral or slightly cool. As the Indian occupants are accustomed to the warm and humid
climate, this likely increases their tolerance for higher temperatures and reduces discomfort
under such conditions. A smaller proportion of occupants in Lithuania felt neutral, with
a third of the population being slightly cool and another third slightly warm. The strong
correlation between indoor temperature, comfort temperature, and preferred temperature
shows that occupants’ comfort preferences are influenced by the actual indoor conditions.
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Factors such as climate, building design and operation, time of year, and cultural norms
also influence thermal comfort preferences.

In Indian offices, where direct temperature control was limited, occupants displayed
a higher preference for adaptive behaviour involving temperature regulation through air
cooling devices or fans. Lithuanian occupants who had direct access to thermostat control,
exhibited a higher tendency for clothing adaptations. This is also in line with the different
office cultures and social norms, which may influence thermal comfort preferences and
adaptive behaviours. In India, there is a greater prevalence of business attire, and warm
beverages such as tea or coffee are consumed frequently even in the warmest seasons.
Lithuania offers a greater acceptance of flexible attire. While the majority of occupants who
did not choose any adaptations reported being comfortable (86%), a smaller proportion
of those who chose adaptations reported being comfortable (65%). Adaptive behaviours
generally enhance but do not guarantee thermal comfort. These findings underscore the
complex relationship between adaptive behaviour and thermal comfort, highlighting the
importance of considering individual preferences, environmental factors, and cultural
norms in designing comfortable indoor environments.

In order to improve the thermal comfort of office workers in a sustainable manner,
occupant behaviour and cultural aspects should be considered at the design stage. For
example, energy-efficient adaptive behaviours, such as clothing adjustments, should be
encouraged. Occupants should have greater access to temperature control systems, such as
individual thermostats or operable windows. Using individual offices or the application of
personalised ventilation systems or personalised environmental control systems (PECSs)
could further improve personal comfort, energy efficiency, and worker performance. Thus,
building designs should be sustainable and occupant-centric through considering individ-
ual preferences, environmental factors, and cultural norms.

Supplementary Materials: The following supporting information can be downloaded at: https://
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