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1. Abstract1. Abstract

People spend most of their active time at home in living rooms. The furniture in living areas is 
designed based on the multiple activities generally per formed in a living space. The objective of the 
study was to assess the factors inf luencing the arrangement of furniture layout in the perspective 
of occupant behaviour research. The behaviour of arrangement of furniture was evaluated in terms 
of Physical Environmental Triggers (PET ), Physical Environmental Factors (PEF), Psychological 
Factors (PF), Social Factors (SF), Physiological Factors (PHF) and Non-Adaptive Triggers (NAT ). 
The study developed an instrument measuring these factors along with the respondents’ satisfaction 
with the current layout . The collected data was analyzed with Confirmatory Factor Analysis (CFA) 
and Structural Equation Modelling (SEM). Construct validity of the model has been established 
by estimating the convergent validity and discriminant validity. The absolute f it indices satisf y the 
recommended values and indicates that the proposed model has an acceptable f it . Contextual 
factors which comprises  Physical Environmental Factors, Psychological Factors, Social Factors, and 
Physiological Factors, is identif ied as a major factor affecting the behaviour. This study will give an 
insight for architects regarding the perceptions of an occupant which results in greater satisfaction 
with space with energy implications of the layouts. 
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2 . Introduction 2 . Introduction 

Residences in India primarily consist of a living room, bedroom, kitchen, dining and restrooms. 
However, a family spends most of the productive time in the house in living space, excluding sleep 
time [1]. A family spends time in the living area by chatting, watching television, reading books or 
newspapers, playing and welcoming the occasional guests. The furniture in the space is arranged 
in such a way to cater to all the mentioned activities. However, the decision of furniture layout may 
be limited by physical characteristics like the position of doors and windows, location of the ceiling 
fan, building orientation, extent of the space and layout etc. A layout of the furniture may demand 
a compromise on certain needs. For example, the furniture arrangement of a type may enhance 
the spaciousness of the area when the furniture is aligned along the wall , while compromising 
on air movement from the windows or ceiling fans. The prioritization of different needs results in 
a specif ic layout inside each residence. Thermal comfort and need for air movement to achieve 
thermal comfort is an essential criterion in the decision of a layout in warm and humid climates 
[2]. The choice of furniture type and material is based on the f lexibility for spatial adaptations. In 
summer, the layout tends to be fan-centric since the primary need is the availability of air movement 
for thermal comfort . Whereas, in winter, other preferences and needs play a dominant role and 
results in a variety of furniture layouts in the same space.  

While it is generally understood that occupants may change their posture or relocate within a room 
to improve comfort , no experimental or in-situ results were found in the literature [3]. However, there 
are many studies which evaluate the air f low characteristics and thermal comfort in a space with 
the presence of furniture [2 ,4–11]. Furniture layout is identif ied as an essential factor determining 
the indoor air quality, air f low and temperature f ields and ventilation eff iciency [6,7 ]. The presence 
of furniture in a room creates a complicated air f low recirculation and higher air velocities near the 
furniture edges along with a non-uniform distribution of air currents [4,5]. It was identif ied that a 
partition wall plays a signif icant role in maintaining indoor temperature distribution and air f low 
characteristics. A unit with lower partition wall height , a higher distance of  the partition 
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wall from the window and lesser distance between bed and window is found to provide maximum 
air f low within the breathing zone [8]. The parameters considered by the subjects in their respective 
arrangements were visual comfort , view, sunshine, control, privacy, concentration, centralization, 
relaxation, lighting, circulation, diversity, overheat and warmth.  

This study intends to assess the factors inf luencing the arrangement of furniture layout in a 
residential l iving room in the perspective of occupant behaviour research. Occupant behaviour can 
be defined as proposed by [12] as “a human being’s unconscious and conscious actions to control 
the physical parameters of the surrounding built environment based on the comparison of the 
perceived environment to the sum of past experiences”. The factors inf luencing occupant behaviour 
was initially classif ied as internal factors and external factors by Schweiker and Shukuya [13] where 
internal factors include preferences, attitude, cultural background etc. and external factors include 
building and environment-related features. Later Fabi et al.[14] presented a ref ined classif ication of 
drivers of occupant behaviour into f ive categories: physical, environmental, contextual, psychological, 
physiological and social factors. A better explanation of the terms ‘ internal factors’ and ‘external 
factors’ were proposed by Polinder et al. [15]. Internal driving forces  evolved from interactions 
between biological and psychological aspects, and these are investigated in the domains of social 
science, biology and economics. External driving forces comprise of building, physical environment 
and time, which stimulates a reaction in an individual. 

Recent research by Wagner et al.  [3] categorized the drivers of occupant behaviour as adaptive 
triggers, nonadaptive triggers and contextual factors as given in Table 1. Contextual factors 
are considered as the moderators of triggers and behaviour. Adaptive triggers include physical 
environment triggers and physiological triggers. Physical environmental triggers correspond to the 
physical properties of the environment , which, when varied, creates stimulation in the occupant . 
Non-adaptive triggers are the factors that are independent of physical environmental triggers. 
Contextual factors are grouped into four categories- physical environmental factors, psychological 
factors, social factors and physiological factors, based on earlier research [14]. Contextual factors 
remain unchanged for a period, unlike the physical environmental and physiological triggers.  
The objectives of the study are: (a) To study the factors inf luencing occupant behaviour in the context 
of arranging the furniture layout in a living room, and (b) To evaluate whether all the measures f it the 
recommended value to indicate a good f it of the structural model for the collected data.  

Table 1: Potential  inf luencing factors driving occupants’ behaviour in a building [3]  
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3. Methods3. Methods

The recent classif ication by [3] gives a better understanding of the factors on occupant behaviour. 
The seven factors proposed by (Wagner et al. ,  2018) were adopted to develop the questionnaire 
measuring the perceptions of occupants while arranging the furniture in the living space of a 
residence. The behaviour of arranging furniture was measured in terms of satisfaction with the 
current layout . Satisfaction can be seen to serve either as a criterion for evaluating the quality of the 
residential environment (by measuring the effect of perceptions and assessments of the objective 
environment upon satisfaction) or as a predictor of behaviour [16] which is relevant in the current 
study. A f ive-point scale was used to indicate the agreement or disagreement (Strongly disagree, 
Disagree, Neither agree nor disagree, Agree, Strongly agree) towards the prepared statements 
under each factor. The respondents were also asked to rate their level of satisfaction with the current 
layout on a f ive-point scale (Very satisf ied, Satisf ied, Neither satisf ied nor dissatisf ied, Dissatisf ied, 
Very Dissatisf ied). The questionnaires were circulated through a web-based platform to ensure a 
wider reach into the housing and demographic categories. Data was collected from 305 occupants 
conforming to the recommendation by Hair et al.[17 ], which is a sample size which is ten times the 
number of statements. Collected data were analyzed with the software SPSS 23 and AMOS 23. No 
missing data was observed as it was mandatory to answer all questions before submitting in the 
online platform. 

4. Results4. Results

Descriptive statistics of the profile of the respondents is given in Table 2 . Respondents living in 
apartments (56.4%), as well as individual houses (43.6%), participated in the study. 66.2% of the 
respondents belonged to a family having four or more members, while only 1.6% of respondents 
stayed alone. The type of furniture used in their living rooms are lightweight which is easily moveable 
(24.3%), heavy furniture like a sofa which is diff icult to move (33.4%) and a combination of light 
and heavy furniture (42 .4%). The details on the usage of ceiling fans, desk fans/wall fans and air-
conditioners are also given in Table 2 . 

Table 2 . Descriptive statistics of the prof i le of the respondents 

Cronbach’s alpha coeff icient , which is the most widely accepted measure [17 ] to evaluate the 
reliability and consistency of the survey instrument , is estimated as given Table 3. Cronbach’s 
alpha value above 0.7 is considered to be ideal[17 ]. In this case, Cronbach’s alpha value above 0.7 
is observed for all factors, and an overall Cronbach’s alpha value of 0.758 attained, indicating a 
high level of internal consistency for the scale. Further tests on validity were assessed in terms of 
convergent validity and discriminant validity at a later stage.   
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Table 3: Rel iabi l it y  analysis for the survey instrument 

Structural equation modelling is per formed to assess the suitability of the model based on the 
data collected. Confirmatory factor analysis or measurement model was evaluated f irst to test the 
reliability and validity of the survey questionnaire as recommended by [18]. Confirmatory factor 
analysis was conducted using AMOS 23 to evaluate the signif icance of the statements. 16 out of 
30 statements were found to be signif icant at 1% level (p-value <0.001) and having factor loading 
greater than 0.5[19]. Further analysis is limited to these 16 statements as these statements measure 
the construct . 

4.1 Structural  equation modell ing: Model  f it  assessment 4 .1 Structural  equation modell ing: Model  f it  assessment 

Structural equation modelling assesses whether the data f it into the proposed theoretical model. 
Model f it is evaluated in Table 4 and the acceptability of the structural model is supported by 
the recommended values of the common goodness of f it indices. Null hypothesis and alternative 
hypothesis are framed to test the f it of this structural model.  

Table 4 . Model  f it  Indices 
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Figure 1: Structural  model 

HypothesisHypothesis

Null Hypothesis (H0): The hypothesized model has a good f it . 
Alternate Hypothesis (H1): The hypothesized model does not have a good f it . 
The test for our null hypothesis (H0) as shown in the f igure resulted in a chi-square value of 78.457 
with 84 degrees of freedom with a probability of 0.650 (p-value >0.05). These results suggest a 
good f it of the model. Table 5 shows the unstandardized coeff icients and associated test statistics. 
Unstandardized regression coeff icient indicates the amount of change in the dependent variable 
created by a one-unit change in the predicting variable. CR stands for Critical Ratio, which is obtained 
by dividing the estimate with the Standard Error (SE). For every single unit change in PET2 , PET 
would increase by 1.366 units.

Table 5 : Regression Weights : (Group number 1 - Default model ) 

Table 6 presents the standardized weights for the model. Standardized estimates evaluate the relative 
contributions of each predictor variable on each outcome variable. Figure 1 shows the structural 
model with seven factors. From Figure 1, it is evident that occupants attach more value with the 
satisfaction on the layout while all the factors inf luence the satisfaction with the layout . 

Table 6 : Standardized Regression Weights : (Group number 1 - Default model ) 
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4.2 Construct val idity  of the measurement model 4 .2 Construct val idity  of the measurement model 

The validity of the construct is assessed to ensure that the measurement scale accurately represents 
the concept of interest . The most accepted measures of validity are convergent validity, discriminant 
validity and nomological validity [21]. Convergent validity establishes that the scale is correlated with 
other known measures of the concept . Discriminant validity confirms that the scale is adequately 
different from other similar concepts to be distinct , and nomological validity verif ies whether the 
scale demonstrates the relationships shown to exist based on theory or prior research. 
 
Convergent validity is established by evaluating the factor loadings, Average Variance Extracted 
(AVE) values and Construct Reliability (CR) values. AVE for each construct is computed as the sum of 
all squared standardized factor loading divided by the number of items. AVE is recommended above 
0.5 [19] to suggest adequate convergent validity. An AVE value of less than 0.5 points out that on 
average, there is more error remaining in the items than the variance explained by the latent factor 
structure imposed on the measure. AVE measure should be computed for each latent construct in 
a measurement model as given in Table 7. It is found that the least AVE value obtained is 0.513 and 
all the constructs (PET, PHF, NAT, SF, PF, PEF and Furniture arrangement) have attained an AVE 
above 0.5. Construct Reliability (CR) value of 0.7 or higher suggests good reliability [19]. Reliability 
between 0.6 and 0.7 may be acceptable , provided that other indicators of a model ’s construct validity 
are good. High construct reliability indicates that all measures consistently represent the same 
latent construct . The calculated CR values for each construct is presented in Table 7. 

Table 7 : Average Variance Ex tracted and Composite Rel iabi l it y 

The initial results support the convergent validity of the measurement model. Although two loading 
estimates are below 0.7, one of these is just below the 0.7 and do not appear to be signif icantly 
harming model f it or internal consistency. The average variance extracted (AVE) estimates all exceed 
0.5 and the construct reliability estimates all exceed 0.7 except one case where it is 0.6 but acceptable , 
provided that other indicators of a model ’s construct validity are good [19].  Besides, the model f its 
relatively well based on the model f it indices. Therefore, all the indicator items are retained, and 
adequate evidence of convergent validity is provided. Discriminant validity measures the extent 
to which a construct is truly distinct from others. Discriminant validity is proved when the AVE 
estimates are higher than the square of the correlation between the two factors. All AVE estimates 
are greater than the corresponding inter-construct squared correlation estimates in Table 8. This 
indicates the measured variables have more in common with the construct they are associated with 
than they do with the other constructs.  
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Table 8: Discriminant Val idity 

5. Discussion 5. Discussion 

Previous research on the occupant behaviour and triggers focused on the inf luence of occupant 
behaviour on energy consumption in a building [3,22 ,23]. This study follows a different approach, 
where the triggers and factors concerning the behaviour of arranging furniture layout of a living 
room is explored with respect to the satisfaction with the current layout . Contextual factors which 
comprises of Physical Environmental Factors (CR-0.85, AVE-0.651), Psychological Factors (CR-0.81, 
AVE-0.689), Social Factors (CR-0.78, AVE-0.637 ), and Physiological Factors (CR-0.83, AVE-0.621), is 
identif ied as a major factor affecting the behaviour of occupants as pointed out by [24,25]. These 
results are agreeable with studies by [3] which also states contextual factors as the moderator of 
triggers and behaviour. Within contextual factors, Physical Environmental Factors (CR-0.85, AVE-
0.651) is identif ied to be having a signif icant inf luence on the arrangement of furniture. Even though 
the thermal comfort and need for air movement is an essential criterion in the decision of a layout 
in warm and humid climates [2], the current study proves that several other factors categorized 
under Contextual factors inf luence the arrangement of furniture in a living room to a greater extent 
than Physical Environmental Triggers (Indoor air & mean radiant temperature, Indoor air humidity, 
Indoor air velocity etc.). Inferences about the relationship between a building and its occupants can 
inform improvements to future building designs with regards to energy and comfort per formance [3]. 
People prefer adopting mechanical ventilation strategies like AC to alleviate the thermal discomfort 
irrespective of their ideologies or situational factors [26]. In the current scenario of Covid-19 
pandemic , people spend more time indoors owing to the work from home situation and the layout of 
the rooms is modif ied to include a working space/ study space for each of the family members [10]. 
Occupants prefer to have ACs for the ‘positive human energy ’ by being in good physical condition 
and not struggling while working from home [26]. 

6. Conclusion 6. Conclusion 

The study aimed to conduct an empirical analysis of the factors or perceptions inf luencing the 
arrangement of furniture layout inside the living room of a residence. The behaviour of arrangement 
of furniture was assessed in terms of Physical Environmental Triggers (PET ), Physical Environmental 
Factor (PEF), Psychological Factors (PF), Social Factors (SF), Physiological Factors (PHF) and Non-
Adaptive Triggers (NAT ) using structural equation modelling. The study developed an instrument 
measuring these factors along with the respondents’ satisfaction with the current layout . The 
f indings show that Cronbach’s alpha for all the factors is above 0.7, which indicates a high level of 
internal consistency for the scale. Based on the confirmatory factor analysis , it can be concluded 
that the presented scale in this study shows adequate f it into the collected data. Model validity is 
established and it can be concluded that the seven-factor model shown in Figure 1 represents the 
behaviour of arranging furniture layout , thereby supporting the model f it and accepting the structural 
model. Contextual factors which comprise  Physical Environmental Factors, Psychological Factors, 
Social Factors, and Physiological Factors, is identif ied as a major factor affecting the behaviour 
of occupants. This study will give an insight for architects and interior designers regarding the 
perceptions, or the factors considered by an occupant which results in greater satisfaction with 
space. This can be applicable while proposing the layout of a new project or a renovation project . 
This study focuses on the living rooms of a residence. Hence, it may not be generalized for any 
residential space as the activities and purpose of space may vary, which is not included in the 
current study. Another limitation of the study points to unavailability of more details for a closer 
analysis of the situations as it was a web-based survey. Further research is being carried out by 
incorporating on-site observations and measurements in different settings. 
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