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Assessing building user needs and preferences is widespread and often questionnaire surveys are applied in order to assess environmental perception and satisfaction. A central question in this context is the quality of the questionnaires used, but little is known regarding their reliability. The present study addresses interdisciplinary aspects such as engineering and psychological sciences to answer the questions: Are the same item sets applicable in various settings (e.g., seasons)? Is there any difference in the reliability of item sets assessing user satisfaction in field vs. laboratory research? In the present study, reliability analyses of an item set regarding satisfaction with indoor climate including the ASHRAE thermal sensation scale (single-item) as well as the thermal preference question were conducted with respect to season, office type, age group, and sex. Field data were gathered via post occupancy evaluation from 46 office buildings in Germany. Additionally, comparable items from laboratory research were subjected to a reliability analysis. Results revealed predominantly good to excellent Cronbach's alpha values for the field studies. The values from the laboratory study were lower, although comparable (acceptable), partly due to the differences in variation in responses in field vs. laboratory settings. Results showed that questionnaires assessing user's satisfaction need to be set in relation with the given context for reliable interpretation. Further research could validate our results with larger samples for laboratory data. Interdisciplinary research is necessary in order to further develop methodological approaches in the field of user comfort research.
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INTRODUCTION

Post-occupancy evaluation (POE) is a valuable and often conducted process in order to get insights into occupants' subjective rating of their physical (e.g., thermal) as well as social (e.g., coordination with colleagues regarding change of thermal conditions) working conditions. Since the beginning of POE research done by pioneers such as Marans and Spreckelmeyer (1981), Brill et al. (2001), and Preiser et al. (1988) empirical reports show that for a well-grounded understanding of perceived quality of the working environment a series of influencing factors has to be considered such as temperature, air quality, lighting conditions, or noise. Marans and Spreckelmeyer (1981) and Preiser and Schramm (2005) developed a conceptual framework for building performance and integrated user feedback as an important basis for optimisations. Among the potential stressors at the workplace, complaints about thermal conditions at the workplace rank first when contacting the facility management, especially during summer (Martin et al., 2002). Due to the inter-individual and intra-individual differences, thermal comfort represents a particular challenge in room conditioning (including appropriate user control options). Wang et al. (2018) and Schweiker et al. (2018) summarized findings related to individual differences in thermal comfort regarding age and sex.

Despite the diversity of literature about influencing factors on user comfort, articles about reliability (the degree to which the results obtained by a measurement and procedure can be replicated) or validity (the degree to which the tool measures what it claims to measure) of applied questionnaires are scarce (see e.g., Pearson, 2009; Deme Belafi et al., 2018). The reliability of questionnaire scales is often assessed using Cronbach's alpha (α). It is a measure for the degree of relationship between several items of a scale or questionnaire (Cortina, 1993) (for further information see section Materials and Methods). Pearson (2009) stated that “there was a lack of consistency in measurement of comfort and researchers used a wide range of different scales and tools” (p. 301).

Deme Belafi et al. (2018) reviewed surveys of energy-related occupant behavior but all of the studies paid no or less attention to the issue of reliability or validity of survey questions. Humphreys (2005) analyzed data of 26 offices in Europe (the SCATs project) among others by e.g., correlation and regression analysis and stated that it is “impossible to develop an internationally valid index to rate office environments by means of a single number” (p. 317). Validity or reliability was not examined.

Guerin et al. (2013) made a valuable methodological contribution by analyzing reliability and validity for a post-occupancy evaluation questionnaire by factor analysis, internal consistency and multiple regression analysis based on data gathered in an office building in the US. Cronbach's alpha of different scales ranged from 0.75 to 0.86, indicating good internal consistency of their developed POE-questionnaire. Exploratory factor analysis (statistical method to uncover the underlying structure of a relatively large set of variables) revealed six factors: thermal conditions, acoustic conditions, indoor air quality, lighting/view conditions, personal controls, and furnishing conditions. Factor loadings ranged from 0.66 to 0.91 indicating good construct validity. In addition to the reliability of POE questionnaires, already in the 1980s, McIntyre (1982) raised the question of the comparability of field studies and laboratory research on thermal comfort. In Germany, a first comprehensive approach to reliability and validity of an instrument relating to occupant satisfaction at the workplace was given by Schakib-Ekbatan (2015). Based on data of 45 German office buildings a factor analysis of 63 items revealed six factors (room climate, lighting/view conditions, noise, spatial conditions, layout/cleanliness, furniture) explaining 55% of variance (Kaiser-Meyer-Olkin value of 0.93 showed a marvelous prerequisite for running a factor analysis). Reliability of the item subscales varied between “good,” e.g., 0.80 for room climate (temperature and air quality) and “excellent,” e.g., 0.91 for spatial conditions. Split-half testing revealed a Spearman Brown coefficient of 0.82. As a result of these analyses, a reliable and standardized survey instrument (INKA–German abbreviation for Instrument for User Surveys on Comfort at the Workplace) has been developed for the German Assessment System for Sustainable Building, a rating system for sustainable construction for federal office and administrative buildings (Federal Ministry for the Environment, Nature Conservation, Building and Nuclear Safety (BMUB), 2015).

With the objective to address some of the existing shortcomings, an interdisciplinary research group, consisting of an architect, a psychologist and a social scientist, applied a statistical method from psychology to the research field of user comfort to assess the quality of the questionnaires used. In the following, we apply the terminology commonly used in psychology to define scale and item. An “item” is defined as a basic element of a scale (e.g., to measure intelligence) or a single measurement of an e.g., personality trait (Asendorpf and Neyer, 2012). The content of an item can be a single question, statement, or opinion, which cause the respondent to react through an answer. The term scales has two meanings in the field of psychology: First, it is used for validated multi-item psychometric scales measuring constructs or phenomena such as intelligence or well-being, i.e., several items presented to the respondent, which are condensed into a single value for later analysis. Such definition has to be differentiated from the second meaning of the term “scale” as a rating scale gathering peoples responses to a single question or item. The rating scale can be of different scale levels, e.g., nominal or interval, specifying which statistical method to use. For describing our results presented in this article, we use the term “item set” because we did not intend to create a scale measuring user satisfaction, but analyzed a specific set of items.

The objective of this study was the analysis of a number of comparable items used in a field as well as in a laboratory study with respect to their reliability (Cronbach's alpha) regarding different settings (e.g., seasons, age groups…). Central questions in the present study were: are the same item sets applicable in various settings? Are there any differences in the reliability of the item sets assessing user satisfaction in field vs. laboratory research?

The focus of the present study is on thermal comfort and air quality as often complained stressors in the context of workplace. The findings contribute to the methodological issues regarding the assessment of thermal comfort as well as the adaption of analysis methods to the field of user comfort research.



MATERIALS AND METHODS


Data Collection

The study protocol of the laboratory study was approved by the ethics committee of the Karlsruhe Institute of Technology (KIT) in March 2016. All subjects gave written informed consent in accordance with the Declaration of Helsinki.


Field Data

Field data was collected from 46 office buildings (23 energy efficient, 23 conventional office buildings) in Germany between 2004 and 2018. Surveys were conducted twice: in winter (November–February) as well as during summer months (June–September).


Characteristics of the office buildings

All offices had daylight and natural ventilation, i.e., the windows could be opened by the users. The room temperature in winter could be regulated in all buildings by thermostats. Sun and glare protection varied greatly: the spectrum ranged from automated, manually overridable or purely manually operable systems to a lack of sun and glare protection.



Sample

On average, 54 persons were interviewed per building in winter. In 12 out of the 46 buildings, the number of respondents was >60. In summer, on average 48 persons were interviewed per building. In 7 out of 46 buildings, the number of respondents was >60. A total of 2,452 participants took part in the winter surveys and 2,050 participants in the summer months. A total of 4,502 data records were thus available. 54% were from female respondents, 46% from male participants. The proportion of female participants predominated with 53% in the winter months and 56% in the summer months. Most of the respondents (80.9%) worked in single and multi-person offices compared with group and open-plan offices (19.1%). Thirty percentage of the respondents were attributable to the age group 36–45 years, 29% to the age group 46 to 55 years, 23% of the participants aged 26 to 35 years, 11% were attributed to the age group over 55 years and 6.7% to the age group up to 25 years. A precise determination of how many identical persons participated in both surveys (winter and summer) was not possible due to restrictions, e.g., concerns of the works councils. Thus, a personal identification code on the questionnaire was dispensed in order to increase acceptance. Besides that, experiences from the first survey phase (2004–2006) using questionnaires with a code only allowed the identification of a small proportion of identical persons (19%, n = 312) for both survey times.



Procedure

Occupants were asked to complete the questionnaire directly at the workplace. The return period of the questionnaire varied between 1 day and 3 weeks. In newly occupied buildings, a survey was carried out at the earliest 1 year after moving into the building, so that the users had sufficient time to get used to the building and to gain experience with the indoor environment in the winter and summer months. Complete surveys were carried out in each building, i.e., all employees was given the chance to participate in the survey. Different formats of questioning (paper pencil, online) were applied in the field studies due to the different technical options for online surveys in the buildings. Studies had shown that the data quality did not differ between different survey types (paper pencil vs. online) (Vogt, 1999).



Instrument

The German survey instrument INKA (Schakib-Ekbatan, 2015) was applied. INKA was based on the Occupant Indoor Environment Quality Survey and Building Benchmarking, a POE instrument developed by the Center for the Built Environment (University of California, 2000). The main difference between INKA and CBE is the language: English vs. German. In addition, INKA has been expended by further items. Relevant for the work presented here is the addition of the 7-point thermal sensation ASHRAE-scale (single item) (American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE), 2004) (cold to hot) and a 5-point thermal preference scale (single item: prefer much cooler to prefer much warmer).




Laboratory Data


Characteristics of the laboratory facility

The LOBSTER–Laboratory for Occupant Behavior, Satisfaction, Thermal Comfort, and Environmental Research (http://lobster-fbta.de, Schweiker et al., 2014)–is a free-standing experimental building with two fully equipped offices with two workplaces each. The temperatures of room and surfaces can be controlled individually, so the LOBSTER is able to realize room temperatures from 15 to 35°C with homogenous distribution of the surface temperature of the walls. The measurement technique allows to capture physical parameters of the room as well as states of windows and doors (e.g., if windows are open, closed, or tilted).



Sample and procedure

Laboratory data was collected in the LOBSTER in the years 2016–2018 (Schweiker et al., forthcoming). Participant from two age groups (aged 18–32 years or aged 50–70 years) were randomly assigned to six thermal and visual conditions in every season (see Table 1).


Table 1. Thermal and visual experimental conditions in the laboratory study.

[image: Table 1]

One condition lasted half a day. The subjects had to change the room after lunch break to experience a different or the same condition. Altogether the subjects participated a maximum of 4 days per season (16 days a year, see Figure 1). The participants had to fill in several questionnaires after entering and before leaving the room regarding thermal and visual comfort, acoustic conditions, air quality, and psychological factors (e.g., control, personality). The items used for the present analysis were repeated up to 4 times per day (2 times per day in the same condition C1–C6).


[image: Figure 1]
FIGURE 1. Study design for one subject.


In the LOBSTER study N = 988 measures from N = 61 subjects were obtained. N = 25 (40.98%) were 50–70 years old. N = 33 (54.10%) were male. The amount of measures/time points per subject ranged from N = 2 to N = 36. N = 7 (14.75%) participants completed all six conditions (plus two conditions doubled to enable a morning/afternoon comparison in later analysis) and participated for 4 days per season (16 days a year, N = 32 measures/time points). N = 44 (72.13%) subjects took part in every study condition but not in every season. Data from all N = 61 participants were analyzed.





Similarities and Differences Between the Applied Questionnaires in Field and Laboratory Study

Main differences result from the different foci of the studies: in the field survey the aim was to cover the whole range of workplace aspects. Therefore, the questionnaire included items relating to visual comfort, acoustic comfort, spatial conditions, layout/furniture, maintenance, overall satisfaction with the workplace and items relating to the characteristics of the office and the building (orientation, services etc.). The focus in the laboratory study was on thermal comfort and influencing factors like personality traits etc. leading to the application of a broader range of items related to thermal comfort such as the thermo-specific self-efficacy scale (Hawighorst et al., 2016) and the NEO-FFI scales Openness, Neuroticism and Extraversion (Borkenau and Ostendorf, 2008).



Analysis Methods

The analyses were carried out using SPSS (IBM SPSS Statistics, Version 25, IBM Corp. 2017). Reliability analyses were made by the reliability function of SPSS. Cronbach's alpha was used to analyse reliability in terms of internal consistency. Cronbach's alpha quantifies reliability on a certain time point under certain conditions. It is a measure for the degree of relationship between several items of a scale or questionnaire—also referred to as internal consistency—and should not be mistaken as homogeneity (unidimensionality) of a scale or questionnaire—which means that all items of a scale measure the same construct (Cortina, 1993). One instrument can produce different reliable measurements in different samples. In a very homogeneous sample, where there are hardly any true differences between individuals, the reliability may be smaller than in a heterogeneous sample with significant differences between individuals. Cronbach (1951) stated that when a test has good internal consistency than one can assume that every subject with the same score in a test or questionnaire marked the items in a similar manner. Cronbach's alpha is calculated according to
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with N the number of items included, [image: image] the variance of item i, and [image: image] the variance of the overall scale or item set including all items.

Cronbach's alpha >0.70 suggests “a large portion of the variance in the test is attributable to general and group factors” (Cortina, 1993, p. 103). Items can be added to a sum score when Cronbach's alpha >0.80 (Brosius, 2018). Alpha values <0.50 are considered as inacceptable, >0.50 as poor, >0.60 as questionable, >0.70 as acceptable, >0.80 as good and >0.90 as excellent (George and Mallery, 2002).

The following items of the INKA questionnaire—used in the field study—and similar items used in the laboratory study were analyzed (see Table 2). It should be noted here that the questionnaires applied in field studies and in the laboratory study would be more comprehensive, but for the reported analyses we focused on items related to thermal comfort as well as to air quality.


Table 2. Items of field (INKA) and laboratory (LOBSTER) questionnaires used in the present study.

[image: Table 2]

The 7-point scale for thermal sensation (“How do you feel about the temperature at your workplace right now?”) and 5-point scale for thermal preference (“How would you rather feel right now?”) (see Table 3) were recoded, since the response significance was different (the middle code 0 is commonly considered as the most satisfactory rating) to the items capturing satisfaction (“How satisfied are you with…?”): e.g., “neutral” thermal sensation (= highest value 3) and “no change” in thermal preference (= highest value 3) correspond to “very satisfied” with temperature conditions (= highest value 5). Both scales retained their scale length but changed the numerical assignment of the codings. This procedure was chosen in order to keep the symmetry of the answer options. The differentiation of “warm” and “cold” codings was of less importance because we were interested in the comparability of the codings of thermal preference, thermal sensation and satisfaction for reliability analysis. We did not intend to make statements about the content relationships between the items, but about the reliability of the scale to which the items belong. All included items were z-standardized and hence being transformed into a standard normal distribution with mean value of 0 and standard deviation of 1. According to e.g., Bortz the variables are than comparable in terms of their metrics (Bortz, 2005, p. 539).


Table 3. Codings of thermal sensation, thermal preference, and satisfaction with temperature scales.

[image: Table 3]

In the laboratory study items were repeated measures. Cronbach's alpha quantifies reliability on a certain time point under certain conditions. Therefore, in the present laboratory study, study conditions C1–C6 were defined as time points. The setting (e.g., age group) quantifies alpha “under certain conditions.” Reliability scores of N > 10 persons per time point and condition were reported. In the field study items were measured once per season.

Cronbach's alpha was calculated for the overall dataset and for subsets of the dataset relating to specific conditions: season (winter, summer), office type (single, two-person), sex (male, female) and age group (<32 years, >55 years). Figure 2 summarizes the employed methodology. Data for energy efficient vs. conventional buildings as well as for >2-person offices could only be computed for the field study because the laboratory data did not include such alternatives.


[image: Figure 2]
FIGURE 2. Steps of the methodology employed.





RESULTS

Looking at the values based on eight resp. six items from the field studies, reliability values from field studies vary between acceptable and excellent for the various conditions such as season, office type, gender and age (see Table 4). Values for summer are a bit lower than for winter, females had lower values than males. For the older age group slightly higher values occurred. For single offices, the value was slightly lower: overall reliability 0.83, winter 0.83 and summer 0.81. Number of persons per setting ranged from N = 69 to N = 991 due to different number of participants in the analyzed settings. Further analyses of the field data (not shown here) revealed comparable good Cronbach's alpha-values: for conventional buildings 0.83 (summer = 0.81, winter = 0.78), and for energy efficient buildings 0.84 (summer = 0.81, winter = 0.84). Also, for other office types good alpha values resulted (0.81 for offices with up to four persons, 0.86 for offices with five and more occupants). Looking at the analyses of the same item set (5 items) in the field as well as in the laboratory study it becomes clear that Cronbach's alpha values score almost always higher for the extended item set (eight resp. six items) applied only in the field study.


Table 4. Values of Cronbach's alpha for field vs. laboratory data in different settings (all items z-standardized).

[image: Table 4]

Overall reliability (across all settings, seasons and conditions) of the laboratory data in the LOBSTER was 0.69, i.e., much lower compared to field data. Values of Cronbach's alpha for the subsets varied between 0.09 and 0.84. Number of measures ranged between N = 2 and N = 883 due to missing values. Only values for N ≥ 10 were reported. Therefore, seasonal differences in single offices could not be computed for every study condition due to small number of participants in each condition. Overall reliability for single office was 0.50 with 0.61 in winter and 0.75 in summer season. Across all study conditions Cronbach's alpha was higher for summer than winter. Regarding each study condition the values were inhomogeneous indicating that reliability was sometimes higher and sometimes lower in C4–C6 than in C1–C3-conditions. Males had slightly lower (overall) alpha values in the LOBSTER study than females, with reversed values in the field studies. Across all study conditions the younger age group had lower reliability scores than the older age group (α = 0.67 vs. 0.71). While in the age group >55 years males had lower reliability values than females, in the age group <32 years the pattern was reversed. In conditions where the temperature was adjustable by the participants (C4–C6), the reliability coefficients are in most settings lower than in conditions where artificial light and sun blinds were adjustable (C1–C3).



DISCUSSION

To our knowledge this is the first study to compare a reliability index (Cronbach's alpha) in field vs. laboratory research and in different settings (e.g., seasons, age groups…) regarding user satisfaction. Comparative values are therefore largely missing for the present results.

Another aspect is the different operationalization of variables in different studies, i.e., how the same construct, e.g., satisfaction, is transferred into a set of items. Therefore, the findings cannot be directly compared to the results of Guerin et al. (2013), because the derived factor thermal conditions was based on three items (satisfaction with temperature, humidity, and air velocity) while the present analysis is based on five items (resp. analyses based on the extended item set of six and eight items only applied in the field data). Nevertheless, the determined Cronbach's alpha values of >0.74 for the field data in the present study is comparable to the values retrieved by Guerin et al. (2013) who reached values above 0.75. Alpha values of the laboratory data are lower (>0.66) than reported by Guerin et al. and the values vary for the different conditions and settings.

The analysis of data from two different study types (field vs. laboratory) showed, that questionnaire scales need to be set in relation with the given context when appraising reliability. Overall reliability was comparable in the laboratory data when summarizing the individual study conditions (C1–C6) as one building type (= LOBSTER) for each setting. Some variation was found for sex and season. Across all study conditions Cronbach's alpha was higher for summer than winter indicating that variance of responses to questionnaire varies with seasonal influences. Males had slightly lower (overall) alpha values in the LOBSTER study than females, with reversed values in the field studies. Possibly the responses of males are less consistent than that of females in laboratory data. In conditions where participants were able to adjust the temperature themselves (C4–C6), the reliability coefficients are in most cases lower than in conditions where artificial light and sunblinds were adjustable by the participants (C1–C3). One reason might be that in homogeneous thermal conditions the variance of responses to items decreases and thus the value for Cronbach's alpha (or in other words: differences in the variance of indoor thermal conditions) led to different variances in item responses. Cronbach‘s alpha of the field studies can be interpreted as acceptable to good/excellent under different conditions indicating a robust set of items. Higher reliability values for the extended item set of 8 items (resp. six items) can be attributed to the fact that the reliability coefficient increases with the number of items. The questionnaire INKA captured more items for room climate (temperature and air quality) than used in the laboratory study, but with the same number of items as included in the laboratory study, the reliability scores for field data only slightly decreased. From an application point of view, the values for the field data indicate that measuring occupants' satisfaction should be based on comprehensive aspects of the assessed factor such as room climate, i.e., preferably a larger number of items. This is of course in contrast to the often stated goal of reducing the time involvement. Future studies would need to reveal an optimal balance between reliability and effort. The results presented here suggest that six to eight items are meaningful for reliable measures, while enabling respondents to answer within few minutes.

In general, analyses from the laboratory data revealed lower values in comparison to the field studies. One can think of different reasons for this observation. First, this finding could be partly reflecting the lower variance in the laboratory data due to a lower heterogeneity of the participants in comparison to the field sample. Second, it is possible that in the laboratory office the participants are more aware to room and environmental conditions than in the field offices resulting in less homogenous answers to the items and increasing variance in responses. At this point, it is meaningful to carefully review the equation used to calculate Cronbach's alpha (see Equation 1 above). Because the number of items is the same for the analysis of the LOBSTER data, the remaining terms influencing the value of Cronbach's alpha are the variance of each item, [image: image], and the overall variance, [image: image]. In case the individual variance of one or more items decreases, the value of Cronbach's alpha increases, while a decrease in the overall variance leads to an increased value of Cronbach's alpha. The variance is dependent on the number of responses through:

[image: image]

with n the number of responses, xi the individual value and xi the mean value of an item.

Therefore, the variance of individual items and the overall variance both decrease with larger sample size under the condition that the differences between individual values and the mean value remain the same.

Looking at the results obtained above, the question arises whether a reliability measure such as Cronbach's alpha is a valid measure for questionnaires applied in the area of thermal comfort studies and which aspects need to be considered. In the laboratory studies, values of Cronbach's alpha are generally lower in conditions C4–C6, i.e., when participants were able to adjust conditions themselves. In such conditions, a general higher satisfaction with thermal conditions can be expected due to the increased level of control (Brager et al., 2004; Schweiker et al., 2012; Schweiker and Wagner, 2016). This higher level of satisfaction and control likely reduced the variance of four of the six items included in the scale for the laboratory study, namely influence in temperature (generally higher), thermal sensation (generally more to neutral), thermal preference (more toward no change) and overall satisfaction with temperature (generally higher). Consequently, Cronbach's alpha is lower for these conditions. The question arising now is what it means that the reliability of the scale is lower for such conditions. In the field of psychology, reliability is a measure of quality of a scale; but does the scale has a lower quality now, only because conditions are in general more favorable for participants?

This is a crucial point to consider when looking at the reliability of newly developed scales. The decision based on a limited set of variance in conditions could largely reduce Cronbach's alpha leading to a rejection of a scale as poor performing. However, the reason for the low value of Cronbach's alpha could be attributed to the limited variance the questionnaire was tested (see also Practical implications below), while in fact when applying the same questions in a variety of contexts this would lead to a high quality. At the same time, researchers should be aware, that it might be necessary to add additional items in laboratory studies in order to be able to differentiate between conditions not differing much in their main properties.



LIMITATIONS

In the LOBSTER data repeated measures are included limiting the variation of answers per questionnaire item. The calculation of Cronbach's alpha is based on the number of items and the covariance between the items. Limited number of persons and items means limited covariance between the items resulting in decreased Cronbach's alpha values. It can be assumed that the participants in the (unfamiliar and short-duration) laboratory settings were more aware e.g., of the environmental conditions about which they were interviewed in contrast to the participants in the field study who based their assessment on familiar environments and more experienced copings strategies such as handling temperature or light controls. Low variance in the items regarding air quality in the thermal or lighting study conditions (C1–C6) in the laboratory data could have had an influence on the value of Cronbach's Alpha as well.


Practical Implications

The present study contributes to methodological issues regarding the assessment of thermal comfort. As described above, in the course of the present analyses, the question arose as to whether this method of analysis, widespread in psychology, could be used to test items in the context of user comfort research and what problems might occur.

The results suggest that methods commonly used in psychology like Cronbach's alpha cannot be translated one-to-one into the context of user comfort research. In contrast to psychology where questionnaires are often applied once, researchers in the field of comfort research must take into account the different properties of a building or office if they want to get reliable statements about e.g., satisfaction with the room conditions. In the construction sector, the variance depends on the building or office properties while in psychology items are asked that way, that a sufficient variance in the items is ensured.

Another aspect worth mentioning is, that although wording of items was somewhat different in field vs. laboratory survey, e.g., “How do you feel about the temperature at your workplace right now?” (INKA) vs. “I am … cold/hot” (LOBSTER), values of Cronbach's alpha were comparably high. This suggests, that there is a lower influence of the exact wording, while of course it is still recommended to use existing questions from previous research or standards, such as ISO 10551 (1995). Recoding the ASHRAE thermal sensation scale and the thermal preference scale allowed to integrate them in the item set and thus enriching the assessment of occupants' thermal satisfaction. The way we recoded the 7-point-scale by coding neutral (0) as the highest expression for satisfaction (3) is debatable referring to Humphreys and Hancock (2007) survey results as well as recent studies (Schweiker et al., 2017; Fuchs et al., 2018), pointing out that the desired sensation of people often varies between slightly warm, warm and slightly cool. This indicates that neutral might not be the optimum. For the purpose of comparing items, we decided for a symmetric recoding. Thus, our approach can be seen as a first attempt to include the often applied ASHRAE scale (single item) and thermal preference item into reliability analyses. Based on the presented analysis, the item set used here can be considered as a first suggestion of items used to assess user satisfaction in terms of thermal conditions and air quality. The present item set showed high reliability though the studies were not coordinated in advance and had different backgrounds. Still, we wanted to take the chance of the existing datasets to enlarge the discussion regarding reliability. It was not the aim to establish a scale that is comprehensive or complete for the field of thermal comfort. There is likely another combination leading to even higher reliability values when including other aspects such as influence on air quality.

Further research could validate our results with bigger samples for laboratory data or by using questionnaires coordinated for field and laboratory studies. Interdisciplinary research is desirable to adapt psychological methods like Cronbach's alpha in the context of user comfort research. Cronbach's alpha is a method based on classical test theory (CTT) which itself has been the basis for measurement theory and the development of psychometrically scales for over 80 years (Kline, 2005). Some critics, e.g., that CTT does not consider sample dependencies, led to the development of item response theory (IRT). IRT is—like CTT—a theoretical basis for measurement but tries to solve practical measurement problems occurring in practical research, e.g., in the course of the development of adaptive testing (Embretson and Reise, 2000). One could complement the present data analysis when conducting item analysis based on IRT to consider sample dependencies, e.g., in the context of repeated measures. An interdisciplinary qualitative research approach could answer the question whether the formulation of a question has an influence on the reliability of an item or scale.
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