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Despite the ubiquitous usage of perception scales for evaluating indoor environmental quality, there is hardly any

public discourse on the benefits, challenges, and risks associated with their use. This article addresses these topics

together with specific guidelines and points of attention for the successful implementation and use of perception

scales in research and practice.
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Introduction

People spend most of their lives indoors. It is thus
important to understand the impact of indoor
environmental conditions or indoor environmental

quality (IEQ) on people’s health, comfort, well-being,

satisfaction, and productivity. For the characterization
of the IEQ and its effect on people, several types of
assessment methods exist. The methods defined as
“objective” a) rely on sensors either measuring specific
aspects of the IEQ like air temperature, illuminance,



carbon dioxide concentration or sound pressure level,
b) measure physiological reactions of people like skin
temperature or heart rate, or ¢) collect their presence
and behaviours in buildings (e.g., opening or closing
windows). Subjective methods are usually based on
questions directed to the users of the indoor environ-
ment and vary from quantitative — based on scales
— to qualitative approaches — based on open-ended
questions. The following describes the importance and
potential risks associated with the use of perception
scales, which are used ubiquitously in research and
practice. This article concludes with a few general
guidelines and points of attention for a successful
implementation of perception scales for evaluating
perceived IEQ in research and practice.

Importance of perception scales

The ubiquitous use of scales and their importance is
supported by numerous factors challenging objective
and qualitative measures.

The effect of the IEQ on people’s health and produc-
tivity could be presumably measured — at least in part
— objectively, relying heavily on environmental sensors
and quantifiable metrics. A number of potentially
hazardous elements in indoor environments such as
high carbon monoxide or radon concentrations cannot
be perceived by occupants and have to be detected
using physical measurements. Likewise, self-reported
productivity or performance assessments may not
correspond to objectively measurable indicators of
productivity. While purely objective approaches are
valuable for gathering data on IEQ, they are demon-
strating somehow limited potential when it comes to
capturing the nuanced and subjective nature of human
comfort, well-being, or satisfaction.

Significant individual differences exist in how we,
as humans, perceive various aspects of our built
environment. This variability influences the effect
of the IEQ on people and the way in which people
assess IEQ at multiple levels, from physiological and
sensory responses to behaviours. This interindividual
variability, i.e. difference between responses of indi-
viduals under the same environmental conditions
and time, arises from a broad range of physiological,
psychological, socio-economic, demographic, and
cultural factors. For example, in the context of thermal
comfort, and from a thermophysiological perspective,
differences in morphology, body size and composition,
and functionality affect thermoregulation and body
temperature. Interindividual differences can also be
attributed to sex, age, fitness level, health status and

geographic or ethnic acclimatization. In addition,
intraindividual variability, i.e. differences in responses
that the same person experiences under the same envi-
ronmental conditions at different points in time stems
from a range of factors including thermal adaptation
to different seasons, acclimatization throughout the
day due to circadian rhythms, altered physiological
states for example during the menstrual cycle or when
experiencing fever, personal preferences, emotional
states, and prior experiences.

Objectively measurable reactions of individuals are
physiological signals, so an increasing number of
studies is trying to replace subjective scales with
them. While first atctempts based on data from labo-
ratory studies show potential pathways, research is
far from being able to rely on these alone for field
study or practice applications because physiological
signals like variations in heart rate, heart rate vari-
ability, or galvanic skin responses are not showing
unique patterns to a single stressor. Even for rela-
tively direct signals like skin temperature signals to
thermal perception, the relationship varies according
to individual characteristics which affect thermorecep-
tors” activity and functioning [1]. It is only through
subjective assessments that we can better understand
these relationships. Therefore, we must primarily
rely on people’s subjective experiences and their cor-
responding reports about such experiences when we
try to assess these states as objective measurements
alone cannot account for the diversity of individual
perceptions.

Perception scales offer significant benefits for evalu-
ating IEQ compared to subjective but qualitative
approaches. While traditional interviews and open-
ended questions are useful for gathering detailed
background information, they are often time-con-
suming and complex to analyse. In contrast, scales
provide a standardized, quantifiable method to assess
how occupants experience and perceive their environ-
ment. Unlike qualitative methods, perception scales
allow for consistent data collection across different
contexts and times, enhancing the reliability of
findings. By capturing responses from all occupants,
not just those who vocalize dissatisfaction, perception
scales provide a more comprehensive understanding of
the overall environmental quality. Scales help identify
subtle issues that might not yet be severe enough
to prompt complaints but could impact comfort,
well-being, or productivity over time. Additionally,
perception scales can highlight differences in indi-
vidual sensitivities, preferences, and needs, enabling
targeted and effective interventions to optimize IEQ.
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Challenges and risks related to the usage of
perception scales

Despite their importance and advantages, challenges
and risks are related to the selection of the most suitable
scales for a given purpose and their interpretation.

When selecting or preparing perception scales for
evaluating IEQ, it is essential to ensure they accurately
assess what they are intended to measure, capturing the
full spectrum of occupants’ experiences and reflections.
For example, evaluating the subjective thermal experi-
ence requires distinct scales for different constructs,
such as thermal sensation, comfort, preference, and
acceptability. These constructs differ in meaning:
thermal sensation refers to an occupant’s immediate
discriminative experience (ranging from cold to hot,
as defined by the ASHRAE thermal sensation scale),
while thermal comfort, preference, and acceptability
reflect an occupant’s evaluation of their thermal
sensation [2]. This distinction is significant because
thermal, as well as other domain, evaluations are results
of reflection upon the generated sensation and can
be influenced by the multitude of above-mentioned
factors (Figure 1). Furthermore, single aspects of a
domain may not be sufficient. For instance, evalu-
ating the visual experience should not be based solely
on the evaluation of light quantity (typically assessed
through illuminance), but should include factors like
the absence of glare, colour rendering or the quality
of the view [3]. Similarly, assessing air quality and
acoustic experiences should involve complex variables,
such as perceived freshness of air or noise disturbance,
which currently lack standardized scales. The absence
of clear guidance for such comprehensive scales in non-
thermal domains suggests a need for more nuanced
and multidomain approaches to capture the full scope
of IEQ. In addition, questions and scales may need
to be adapted to the audience. For instance, children
typically require simplified and clearer questions
depending on their age and cognitive ability [4].
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Despite the need for adjusting scales to the targeted
group, IEQ studies can only lead to scalable and gen-
eralizable results, if researchers and practitioners use
the respective tools and methods consistently. A recent
review of multi-domain IEQ studies suggested that it
is common that “a different number of points and dif-
ferent labels were used, even though the same assessment
category was involved” [6]. The review also pointed to
inconsistent use of dimensions in analogue scales, which
all together “disables the comparison of results from
different studies and poses a problem for conducting
large-scale meta-analyses”. Unfortunately, “the prac-
tical fitness and interpretative potential of commonly
deployed formats for eliciting and representing people’s
response remains a formidable challenge. We simply
miss a conclusive treatment (e.g., a rigorous meta-study)
of the expressive power and consistency of typical scales
and formats used in IEQ research” [7] and even current
international standards suggest different scales.

Within this line of argument, the quality of scales
related to IEQ is seldom assessed by mean of reli-
ability measurements, like Cronbach’s alpha. Their
use is essential to consider the internal consistency of
questionnaires to ensure that they accurately measure
a single construct, which is crucial for maintaining
the validity of the data collected and ensuring reliable
results across different contexts and populations.

Further challenges arise during data acquisition and
analysis to avoid potential biases affecting outcomes.
When preparing a questionnaire, semantic bias may
arise when a scale is translated into a different language
so that the original meaning of thermal comfort scale
results is altered (see, e.g., Pitts [8]). When a person
fills out a questionnaire, response biases complicate the
interpretation of data gathered from perceptual scales.
For example, Sadick et al. [9] investigated the reliability
of humans as environmental sensors and highlighted
the potential for the existence of an acquiescence bias,

Cluster 2 (N = 1894)
Cluster 3 (N = 584)
Cluster 4 (N = 862)
Cluster 6 (N = 1635)

warm hot

Figure 1. Relationship between thermal sensation and thermal comfort votes for 5 clusters of respondents showing
the influence on the relationship by personal and environmental factors. (Figure based on Schweiker et al. [5])




that is, the tendency to provide positive feedback.
Similarly, in a large data collection campaign, a central
tendency bias was observed; responders tended to
avoid extreme category responses, which can skew the
data collected from perception scales and affect model
development [2]. Also, cognitive biases on thermal
comfort assessment may occur, triggered by social
desirability in respondents’ assessments and decision-
making processes [10]. Similarly, respondents may
employ cognitive shortcuts or conform to social norms
[11]. Furthermore, anchoring bias happens when par-
ticipants may involuntarily adopt previous sensorial
scores as benchmarks through repeated reporting,
potentially influencing subsequent evaluations based
on such established reference points [12].

Moreover, the use of appropriate statistical tools is of
paramount importance to obtain reliable outcomes.
For example, if the data type is not considered in
the selection of the statistical tools (e.g., statistical
test, regression type), the results can result artificially
altered, as shown by Favero et al. [13].

Summary and guidance

In summary, scales, if carefully designed and applied,
provide a structured way to record and document
people’s conscious subjective perception of indoor
environmental conditions. Specifically, people can
develop and express judgments about the intensity of
their perceptual experiences in relative terms. They can
judge if thermal conditions are warmer or cooler, visual
conditions are brighter or dimmer, or acoustic condi-
tions are louder or quieter and whether they perceive
such conditions as comfortable or uncomfortable.

In contrast, objective measurements of IEQ param-
eters or physiological reactions lack the sensitivity to
detect how personal stressors, both psychological and
environmental, might alter an individual’s comfort
perception at any given time. For example, someone
experiencing fatigue or stress might react differently
to the same IEQ conditions compared to when they
are well-rested and relaxed.

A multisensory approach combining objective and
subjective measurements is recommended and crucial
for capturing the full spectrum of human experience,
which should be the key driver to address via an effec-
tive architectural and building technology design.
This approach involves the use of scales to understand
how individuals perceive these factors through various
senses—sight, hearing, touch, smell, and thermal per-
ception in combination with measuring environmental

parameters. Adding the monitoring of physiological
responses in real-time, we can support the identification
of how environmental changes affect the human being,
tailoring indoor and outdoor environments to meet
individual needs and mitigate potential environmental
stressors and risks. This combination can be used to
establish certain correlations between the objectively
measurable intensity of such stimuli (e.g., temperature,
luminance, sound level) and the corresponding subjec-
tive reports of perceived intensity in terms of scales
(e.g., thermal sensation, level of glare, loudness level).

When preparing surveys using perception scales, when
designing experiments, and when analysing collected
data, care must be taken to reduce the impact of
unwanted biases and alterations of outcomes due to
fallacious hypotheses. When administering perception
scales, it is also important to educate participants about
the meaning of the scales using clear examples. This
procedure is already followed in some domains, such
as glare assessment in visual comfort studies, where the
perception of glare can be highly subjective. Providing
examples helps standardize responses and reduces ambi-
guity, leading to more accurate and meaningful data.

Moreover, to capture the broader context of an occu-
pant’s experience, perception surveys should also
include questions that go beyond immediate environ-
mental factors. For instance, asking about recent sleep
quality, caffeine intake, or physical activity can reveal
contextual effects influencing an individual’s percep-
tion and evaluation of their environment. The same
thermal sensation, for example, could lead to different
evaluations depending on these contextual factors.
Such additions would be helpful to go beyond the
understanding of average responses towards advancing
our understanding of the factors contributing to the
wide observed responses’ variance.
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