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ABSTRACT: School buildings integrate three significant aspects of sustainability research – building performance, 

energy consumption and indoor environmental quality. However, the specific role of thermal comfort is less well 

understood. Thermal comfort studies have largely concentrated on adults, and typically compare measurement of 

physical environmental factors with qualitative assessments to ascertain the relationships between thermal sensation, 

comfort, preference and acceptability. Subjective rating scales are used to express the perceived level of warmth of an 

indoor environment and provide statistical approximations of the actual mean vote of the occupants and their thermal 

preferences. The ASHRAE 7-point scale has traditionally been employed to measure occupants’ thermal sensation 

followed by the 3-point McIntyre preference scale. This paper presents techniques of questionnaire design for 

children aged between 11 and 12, and discusses appropriate rating scales to explore students’ thermal perceptions of 

the classroom. Both the format and the content of the questionnaire must reflect the children’s developmental and 

psychological status and must be readily understood by the target age group. The paper illustrates the outcomes of a 

pilot study conducted to test the effectiveness of a thermal comfort questionnaire specifically designed for children.  
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INTRODUCTION 

Indoor thermal comfort is an essential factor for the health 

and productivity of building occupants, especially those 

who spend long periods in the indoor environment, like 

students and teachers. According to ASHRAE 55 [1], 

thermal comfort is defined as “that condition of mind 

which expresses satisfaction with the thermal 

environment”. The major criterion in determination of 

thermal comfort is thermal sensation, which reveals the 

conscious feeling of people about the level of warmth of 

the environment, and requires subjective evaluation by 

occupants. According to Parsons [2] it cannot be defined 

in physical or physiological terms.  

 

In the study of thermal environments, a number of 

subjective scales have been developed for surveys to 

investigate thermal comfort, mostly using categorical 

scales [3] and evaluating thermal sensation based on 

human physiology and ergonomics; whereas in 

psychological studies, visual analogue scales (VAS) are 

widely used [4] to assess subjective responses of people 

about their moods, pain, feelings, etc. In the definition of 

thermal comfort, the condition of mind is related to the 

mental state and psychological aspects of occupants. 

Therefore, VAS is an option that can be used to define 

occupants’ comfort zones, and in some studies a 

combination of VAS and categorical scales are used to 

explore thermal sensation [5-7]. 

Studies of thermal comfort have mostly focused on 

adults. Arguably, the outcomes and methods of research 

on adults should not be applied to children, because 

children’s ability to respond to survey questions is 

affected by the development of their cognitive skills [8]. 

Although methods for improving data quality in surveying 

adults are well understood e.g. [9], little information exists 

for surveying children.  

 

The present investigation focuses on thermal comfort 

perception in Iranian schools [10], and a questionnaire 

survey is used as one method of data collection. Given the 

concern with the quality and reliability of children’s 

subjective responses, it is necessary to confirm techniques 

for designing an effective questionnaire for evaluating 

children’s perception of thermal comfort in the classroom. 

The purpose of this study is to refine appropriate wording 

of the questions in a questionnaire survey for children, and 

examine alternative response options for a rating scale 

(visual analogue scale and numeric visual analogue scale, 

Likert scale, illustration) with the objective to recommend 

one scale which is easily understandable by children of 

11-12 years. The methodology includes personal 

interviews with experts, reviewing the literature, and a 

pilot study pre-testing response options to understand 

problematic questions for children. 
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SCALES OF THERMAL COMFORT 

Seven point rating scales have been used in many 

psychological research projects, on the basis that seven is 

a distinguishable number for judgement between levels of 

sensations without confusion [11], with indications that 

people can identify the small number of stimuli clearly 

[3]. Similarly, 7-point scales have been widely used to 

measure subjective responses of occupants in comfort 

studies. Although scales of warmth with four, five, seven, 

nine and thirteen options have also been used in the study 

of thermal comfort, according to Nicol [12] “it is 

generally agreed that accuracy is not improved 

significantly by adding more points to the scale”. The two 

main descriptive scales that are commonly used to rate the 

feelings of the subject are the Bedford scale [13], and the 

ASHRAE scale. The main difference between these two 

scales is the inclusion of comfort in the Bedford scale 

[12]. Bedford [13] combines thermal sensation and 

comfort using a 7-point scale: much too warm, too warm, 

comfortably warm, comfortable, comfortably cool, too 

cool, much too cool, whereas in ASHRAE 55 [1] thermal 

sensation is defined with seven categories: cold, cool, 

slightly cool, neutral, slightly warm, warm, and hot 

without indication of pleasantness or comfort [14].  

 

Due to different interpretations of the words in a 

descriptive scale in cold and warm climates, a “preference 

vote” is suggested to be added to the “comfort vote” [12].  

Brager et al. [15] note that a combination of scales has 

been used in both field and laboratory studies. In addition 

to the commonly used 7-point ASHRAE thermal 

sensation scale, the 3-point McIntyre preference scale [16] 

has been used to explore acceptability of the thermal 

environment by asking the direct question, with possible 

responses of "warmer", "no change", "cooler".  Thermal 

acceptability can be measured indirectly through voting 

within the three central categories of the seven-point 

thermal sensation scale (slightly cool, neutral and slightly 

warm) — but this is not necessarily equal to a direct 

measure of acceptability, since neutral temperature in cold 

climates is lower than the optimum or preferred 

temperature and vice versa in warm climates [17].  

 

 

TECHNIQUES OF QUESTIONNAIRE DESIGN FOR 

CHILDREN 

A study by Humphreys [18] indicates that a low 

proportion of young children can provide reliable survey 

data using thermal comfort rating scales , while children’s 

capability enhances with age increments. Similarly, 

Borgers et al. [19] note that children can provide more 

stable answers as they grow older. It appears accepted that 

the age of 7 is a major turning point in the development of 

children’s cognitive ability [20, 19, 21], and that this 

affects reliability of data provided by children.  

 

Notwithstanding that children above the age of 7 may 

have the capability to complete the self reporting 

questionnaires, this study focuses on late middle 

childhood (11-12 years), when cognitive ability is 

sufficiently developed and language skill is well 

expanded. In a self report questionnaire, response is 

reported according to understanding of the questions 

recalled from memory; therefore verbal memory is an 

important factor contributing to the question response 

process [8]. Albeit that speed and capacity of memory 

increase during middle childhood, the accuracy of the 

recalled information by children is similar to that of adults 

in late middle childhood [22]. According to Holaday et al. 

[23] children from the age of 9 onward should be able to 

produce reliable responses in a questionnaire survey 

which is structured precisely. Therefore, improvement in 

the response quality can be achieved with special attention 

to the following principles of questionnaire design. 

  

Simplicity 

Generally in the study of  thermal comfort, it is 

recommended to keep questionnaires as simple as 

possible, especially in longitudinal surveys [12]. In 

addition, children need more time to process information 

compared to adults [24]. Due to limited attention span in 

middle childhood, the first significant factor for a good 

questionnaire is simplicity and clarity of questions, which 

makes them immediately recognizable for children. 

Children also have difficulties with interpreting 

ambiguous questions due to literal interpretation of words 

[25]; to improve quality of survey data, unambiguous 

question wording is of great importance. Notwithstanding 

that understanding vague questions is hard for children in 

all age groups, Borgers et al. [19] demonstrate advantages 

of “completely-labelled” options over “partially-labelled 

response options” only for children 10 or 11 onward, who 

are in the stage of developing “formal thinking”.  Younger 

children may not benefit from such an optimizing strategy 

since their cognitive ability is not well developed.  

 

Importantly, the meaning of all response options 

should be easily understood. For instance, the meaning of 

neutral temperature corresponding to the central category 

of the ASHRAE 7-point scale of thermal sensation may 

fail to describe children’s actual feeling of neutrality. 

Thus when children are respondents, it may be more 

desirable to substitute the word “neither cool nor warm” 

treated as synonymous to “neutral" in the adult rating 

scale. Davies and Davies [26] indicate the use of the same 

wording for the central part of the thermal sensation scale.  

 

Using pictures and colour 

The second significant issue in designing the 

questionnaire for younger respondents is to keep them 

motivated to answer the questionnaire items, because they 

may not provide reliable responses if they are not 
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interested in the subject [25]. Using pictures and 

illustration helps children identify the questions more 

easily, by providing cognitive images familiar from 

children’s feelings and past experiences, whereas using 

words “may fail to describe the exactness of the subjective 

experience” [27]. In addition, a study by Ryan and 

Schwartz [28] shows that the speed of perception via 

cartoons is higher than other types of graphic illustration 

(i.e. photograph, line drawing, shaded drawing). 

Therefore, conveying facial expression through cartoon 

illustrations could be an appropriate method to examine a 

seven point scale of warmth of the environment and keep 

children motivated during the questionnaire survey.  

 

Moreover, an international communication technique 

is required to describe thermal sensation of building 

occupants. In cross cultural circumstances the use of 

different languages may result in confusion in description 

of thermal perception [29] due to the lack of the exact 

translation between languages. Arguably, this problem 

extends to analysis and reporting of results in a language 

other than that of the administered questionnaire.  A study 

by Woolard [30] illustrates one way to get around the 

problem where subjects’ native language is not English. It 

uses a visual communication technique, “graphic scale”, 

as the most easily understandable and appropriate research 

tool in field studies. Therefore, the other advantage of 

using cartoon illustrations is that they can be universally 

understood without any translation.  

 

The only major concern of using such methods in this 

study is that the level of attractiveness of specific pictures 

for children may lead to selection of the favoured image, 

regardless of actual thermal sensation. Reynolds-Keefer et 

al. [31] report the effect of different pictures on first and 

third grade students and highlight statistically significant 

differences in responses relating to the images presented 

and grade level. In terms of using colours, some believe 

that cold and warm colours impact people’s mental state, 

and thereby affect perception of thermal sensation. 

However this is not generally accepted. The studies by 

Fanger [32] and Berry [33] indicate no effects of colours 

on people’s thermal sensation. 

 

Using scales for children 

One of the most essential issues of questionnaire design 

for young respondents is to determine the relevant form of 

a rating scale. In the study of adults’ thermal comfort, 

Nicol [12] recommends using a descriptive scale with 

seven unnumbered boxes to be marked by  respondents. In 

terms of the reliability of response options in research 

with adults, it is given that a greater number of categories 

of response options provides better results [34] where the 

optimum reliability of responses appears to require around 

seven options [11]. Contrary to adults, offering children 

more response options decreases reliability of responses; 

therefore it is suggested that about four categories of 

response is an optimum number for children [35]. 

Although Humphreys [18] illustrates the capability of first 

graders at junior school to understand and answer the 

subjective scale of thermal comfort, more research is 

required in diverse samples. Therefore, among different 

types of rating scales, our investigation focuses on the 

response options pictorial scale, visual analogue scale, and 

Likert scale which are comparable in terms of validity and 

reliability of responses, and seem to be appropriate for the 

purpose of thermal comfort study.  

 

As mentioned above, ‘facial expression with cartoon’ 

can be a good option in the place of and/or in addition to 

words in the rating scale, to describe children’s thermal 

sensation. Such a method of a self-report rating scale is 

highlighted in many pain research projects to record pain 

intensity with children e.g. [36-38].  According to Keck et 

al. [37], both faces and verbal descriptions are valid and 

reliable for measuring pain intensity, while children in all 

age groups prefer using faces as the measurement tool.  

 

In addition to pictorial representation of the rating 

scale, a simple and/or numeric visual analogue scale 

(VAS) is commonly used in different studies with people 

in different age groups.  In these scales, subjects express 

discrimination about their level of perception or feeling by 

marking a point in a straight line with two extreme ends. 

This rating scale seems to be a complex task for children, 

because more cognitive ability is required for converting a 

personal experience into a linear display [39]; however 

children’s understanding of the concepts of VAS 

improves with development of their cognitive and 

intellectual ability. In numeric VAS, numbers are used to 

illustrate response options between two extremes, but 

according to Borgers and Hox [40] verbal labels are 

preferred to numeric ones, because using numbers may 

imply different meanings. 

 

Likert is the other type of rating scale which seems to 

be appropriate for children [41, 42] because it provides 

discrete choices that can be easily interpreted. Hence 

children often prefer a Likert scale compared to others. 

Although young children have a tendency to mark their 

responses at the extremes of the rating scale in relation to 

feeling and emotion based tasks [41], older children are 

assumed to have more capability to provide data in the 

middle parts of the rating scale. Notwithstanding that 

Laerhoven et al. [42] recommend a Likert scale for 

surveying children, we tested all the above mentioned 

types of rating scales for young respondents. 
 

 

QUESTIONNAIRE TESTING PROCEDURE 

We employed two methods to test the questionnaire for 

surveying children in the classroom. First, experts in child 
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psychology checked the simplicity and structure of 

questionnaire items to estimate the relative reliability of 

the rating scales.  This was followed by a pilot study of 

children’s preference and accuracy in responding to the 

questionnaire. The pilot questionnaire survey asked 

students to evaluate their current thermal condition based 

on subjective thermal sensation scales, thermal 

acceptability and preference. Questionnaires were handed 

out by the usual teacher to a group of healthy Iranian 

children during regular class sessions (N=80). The 

characteristics of sample respondents were homogeneous 

with respect to age and level of education. The students 

were seated in the classroom at least 30 minutes after 

morning break to minimize fluctuations of thermal 

sensation caused by change of activity. This pilot was 

conducted in the same context as the proposed future main 

survey, in early April when the classrooms are naturally 

ventilated.  
 

Experts in child psychology contributed to the 

selection of rating scales for the pilot study. First, they 

highlighted the effect of a brief introductory explanation 

to pave the way for a comfort survey with children, 

because children need more clarification of questionnaire 

items compared to adults. A 7-point scale was selected 

because the child psychologists believe that participants in 

late middle childhood do not have trouble differentiating 

between seven categories of response options, indicating 

different levels of warmth of the environment. Based on 

the considerations previously discussed, numeric VAS 

was first excluded from the choice of questionnaire items 

presented to the child psychologists prior to the pilot 

study. On their advice, a cartoon illustration was added to 

the verbal description in a Likert scale to achieve 

optimum clarity on the basis that it helps a rating scale to 

be quickly grasped and more appealing for the children to 

respond, and accordingly gives a better result.  

 

We selected three forms of rating scale presentations 

mostly used in surveying children (i.e. pictorial Likert 

scale using cartoons and two forms of simple visual 

analogue scales with partially labeled and completely 

labeled response options). Target respondents were given 

an explanation of rating scales by the teacher after the 

questionnaire was handed out but before responding. The 

questionnaire survey was administered with two sets of 

presentation of rating scales (i.e. form A and form B) to 

two groups of students while the completely labeled VAS 

was identical in the two questionnaire forms. First, half of 

the children of each gender were given the pictorial Likert 

scale and completely labeled VAS respectively. Cartoon 

illustrations were custom designed for the purpose of this 

study, with seven possible forms of a child’s facial and 

body expression indicating different thermal status, seated 

in the classroom. This was followed by the Likert rating 

scale describing seven levels of warmth in Persian. The 

remaining half of the children received a simple visual 

analogue scale with partially labeled and completely 

labeled response options respectively, which asked 

children to express their perceptions of the thermal 

environment and judge their thermal sensation by marking 

the given line somewhere between two extreme ends. All 

rating scales were presented horizontally representing the 

seven point scale of thermal sensation from cold to hot 

(Fig. 1). 

 

Figure 1:  The example of different types of rating scales used to 

obtain children perception of thermal environment. 

 

 

RESULTS 

As outlined earlier, the questionnaire requests information 

about perceived thermal sensation translated into different 

scaling options in which comfort is assumed to occur in 

the ''neutral'' region (slightly cool, neutral, and slightly 

warm). It was followed by direct acceptability questions 

about current temperature with two check boxes 

illustrated with smiley faces (acceptable, not acceptable), 

and the McIntyre's thermal preference scale to explore 

whether the students would like a change in the thermal 

environment of the classroom (prefer cooler, warmer, no 

change). Table 2 describes the association between 

children’s votes on thermal sensation and preference. It 

appears from the data that 72.5% of students experiencing 

within the “neutral" region prefer no change while 13.8% 

of them want a cooler environment. Moreover, while 90% 

of students voted within the three central categories of 

thermal sensation, on the direct measure of acceptability 

76.3% of students confirmed the acceptability of thermal 

conditions in the classroom.   
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In terms of children’s favorite presentation, the 

pictorial Likert response option was generally preferred 

by both genders in the first group compared to completely 

labeled VAS. In addition, we find that girls show greater 

preference for the pictorial Likert response option than 

boys. Among data elicited from the responses of the 

second group of students, an unexpected result is the high 

percentage of girls (85.2%) who rate their sensation on 

partially labelled VAS in comparison with the completely 

labeled one.  

 

One immediate outcome of the test is that confounding 

factors corresponding to classroom routine may give rise 

to outliers in surveying children. The order of questions 

employing the different rating scales may influence 

children to select the first ordered reponse option, but this 

may be confounded by the status of the teacher being of 

great importance to the way children respond to questions. 

Since children mostly tend to please their teachers, they 

might select the first given option because it was first 

described by teachers. One way to get around this problem 

is to randomise the order and position of options; 

therefore we retested the questionnaire survey to explore 

the stability in selection of response options. All three 

rating scale presentations were given to a smaller sample 

of respondents in randomized format (N=25). The target 

group indicated preferences for the pictorial Likert 

presentation (85.7%), completely labelled VAS (10.7%), 

and partially labelled VAS (3.6%) respectively. Hence, 

the result of preference assessment shows that the 

majority of children prefer Likert scale with cartoon 

illustration. 

 

In addition, an analysis of variance (ANOVA) test was 

employed to check if the type of scale presentation (i.e. 

partially labeled VAS, completely labeled VAS, and 

pictorial Likert scale) has an effect on the children’s vote 

on thermal sensation scale and responses to thermal 

preference question. The ANOVA p value suggests that 

there is no evidence of an interaction between thermal 

preference and scale used (p=0.3085). Similarly, the 

preference for scale presentation does not affect the rating 

on the thermal sensation scale (p=0.28). The model 

assumptions were checked with a residual plot and 

quantile normal plot. Analysis of the children’s responses 

suggests that a few children in fifth grade tended to mark 

the extreme end of warmth on the partially labeled VAS 

while at the same time selecting the neutral point on the 

completely labeled VAS. On that basis, we feel it is 

appropriate that these outliers are eliminated from the data 

for more internal reliability. 

 

 

CONCLUSION 

Before our proposed substantive study of children’s 

thermal comfort in the classroom, we felt preliminary  

 

work was required to review the survey instrument, by 

pretesting response options to maximise the prospect of 

deriving reliable responses from young respondents. Pre-

testing the questionnaire helps to explore children’s 

preferences and capability to understand thermal comfort 

rating scales, and evaluates questionnaire efficiency by 

highlighting problematic questions among questionnaire 

items. Our findings suggest the quality of survey 

instruments aimed at children can be enhanced by 

understanding how they answer questions. Moreover, this 

study underscores the difficulties of surveying children 

and possible effects of outliers in children’s responses. 

Although children in our study well understood seven 

levels of warmth based primarily on the 7-point ASHRAE 

thermal sensation scale, we can conclude that the type of 

presentation is not the principal factor in reliability of 

children’s response in late middle childhood. For optimum 

accuracy, it is of great advantage to motivate children to 

answer the questions using different techniques such as 

pictorial presentations. Based on the result of this 

investigation, a simple format of labelling response 

options followed by a cartoon illustration scale helps 

children to differentiate among different levels of thermal 

sensation. Since a number of factors contribute to 

determine children’s thermal comfort in the classroom, 

future research will need to focus more on a controlled 

study taking into account all physical (temperature, 

humidity, mean radiant temperature and air velocity) and 

personal variables (clothing insulation and metabolic rate) 

during the class session when the questionnaire survey is 

administered.  
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