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Abstract: Occupant behavior influences energy savings in intelligent buildings over 

and above the advanced technologies deployed. IoT based interconnected sensors, 

along with personal devices such as mobile phones, wearables and virtual assistants, 

can assist building management systems with occupant behavior information paving 

the way for personalized comfort coupled with energy savings.  This work investigates 

the occupant adoption of such an IoT climate control service in the context of Indian 

office spaces by examining four theories viz., TRA, TPB, TAM and VAM. The results 

indicate that TAM and VAM have higher explanatory power among the models con-

sidered. Further, TAM’s constructs 1. perceived benefits, viz., improvement in comfort, 

productivity and wellbeing, and 2. Perceived ease of use, viz., access convenience to 

climate control in offices are identified as the most significant causal constructs. The 

results can pave way for IoT players to formulate business and technology strategies 

for product management and targeting specific customer segments. 

Keywords: Internet of Things, Smart Building, Energy Efficient Comfort, 

Technology Adoption, Energy Related Occupant Behavior 

1 Background 

Out of global energy consumption in 2040, India will account for 11%.  During the 

period of 2017 to 2040, out of the global primary energy demand, India is expected to 

account for more than 25%. In India, primary grid electricity demand is projected to be 

between 2040–2857TWh by 2030, out of which about 40% of the energy would be 

consumed by the building sector, and out of which about 22% would be utilized for air 

conditioning [1, 2]. In office spaces heating ventilation and air-conditioning (HVAC) 

and lighting respectively consume up to 40% and 17% of the overall building’s energy 

[3]. The internet of things (IoT) based climate control systems, a recent development 

in the area of wireless telecommunications, is one of the key technology enablers for 

energy reduction and comfort control in buildings [4, 5]. Applications such as crowd-

sensing wherein large numbers of building occupants through their IoT devices such as 

mobile phones, smart watches and other means providing data to building systems can 
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bring human centric building management [3]. 

1.1 Occupant centricity in IoT climate control services 

 

Office workers are known to consume energy in their respective space through the 

HVAC, lighting and plug loads. Smart comfort control systems aim at reducing energy 

consumption by enabling interactions between occupants and these systems. Taking 

both occupant comfort limits and energy expense, these systems can trace occupant 

schedules, patterns and activities to set the comfort set points such as temperature, rel-

ative humidity, LUX, etc. The first-generation smart control systems did not include 

learning users’ individual preferences and adaptive behaviors, and faced hurdles in 

achieving ‘energy efficient comfort’.  Emerging works in artificial intelligence that 

have started to look into this gap are modeling individual comfort preferences.  The 

rising computing power of personalized devices such as mobile phones, aid in the pro-

cess of gathering and processing large data, not only on a local scale but also in an 

individual level [6].  

 

In the context of climate control (CC) systems, due to the shortcomings such as fixed 

value settings, manual intervention necessities, ignored tolerance of occupants, etc., 

addressing occupant comfort by direct communication, by use of a smartphone has been 

presented and tested earlier [7, 8]. In office spaces, individual cabins and meeting rooms 

can be independently controlled and open office desks can be zoned. Further, these 

zones can also be independently controlled and zones for lighting can be aligned with 

that of HVAC. However, in most offices, indoor comfort is not within the control of 

the individual and a generalized setting is used, resulting in loss of energy efficiency 

and comfort dissatisfaction. In this context, UC Berkeley researchers have developed 

the ‘Building Operation System Services’ platform (BOSS) that provides graphic user 

interfaces, and visualization tools for users, enabling them to request localized (within 

a zone) and temporary climate control [9]. 

 

Similar IoT service platforms available in the market (e.g. Comfy, 75oF etc.) combine 

indoor climate monitoring and occupants’ comfort feedback. They are socio-technical 

systems engaging occupants as informers, through a self-reporting web-based mobile 

app. Combined with zoning, such platforms try to address the needs of various occu-

pants, in addition to considering physical layout of working areas [10]. Such advance-

ments like personalized comfort environments, which involve ventilation in local 

zones, can ensure thermal comfort improvement with energy consumption reduction up 

to 45% [11]. 

 

1.2 Energy related occupant behavior 

 

Occupant behavior (OB) has a significant impact on comfort and energy performance 
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of buildings.  As the technical standards become more stringent, occupant behavioral 

factors gain higher importance [12]. Studies have confirmed that measured energy use 

in LEED certified buildings varied from the simulated estimate, which was attributed 

to the heterogeneous ways of occupants’ understanding and using the building control 

systems [13]. 

 

The new paradigm of adaptive comfort questions the validity of ‘steady state’ theories 

that recommend a narrow bandwidth of 22+/-2 0C as in the ASHRAE 55-92 and BS EN 

ISO 7730 standards [14]. While India is yet to have a custom made adaptive thermal 

comfort standard, occupant comfort research in Indian office buildings has shown in-

terestingly that comfort temperatures can be as high as 26oC, despite the geography 

being hot-humid [15]. Studies recommend ‘energy efficient thermal comfort’ set points 

as 260C, 240C and 220C for the respective occupant behavior styles of austere, normal 

and wasteful [16].  On similar lines, in visual comfort, occupant interaction with artifi-

cial lighting and blind systems depend on luminance levels reached with day lighting, 

length of absence from the room, type of activity, and tendency to avoid direct sunlight 

/ glare etc. [17]. The area of innovative technologies affecting occupants’ abilities and 

approaches to adapt to indoor environments remains less explored [13]. 

 

From the literature, it is apparent that IoT has good potential in intelligent buildings 

(IBs) by leveraging occupant centric approaches to reduce energy consumption while 

enhancing comfort. But, due to the uncertainties and unknowns in occupant interaction 

with IoT systems, it is necessary to investigate drivers of occupant adoption of such 

climate control IoT services. In India, since energy efficient comfort (EEC) is being 

seen as a necessary condition in buildings [18], a technology adoption study in this area 

is important for regulatory bodies. In addition, with IoT startups sprouting in India, 

clarity on demand generation potential of this opportunity will be useful to the industry 

ecosystem. This paper attempts to explore the parameters that influence the occupant 

acceptance of IoT comfort and energy management services in intelligent buildings in 

the Indian office space market.  

 

1.3 Description of the proposed IoT climate control service 

 

The status-quo in Indian buildings is one prescribed set point (e.g. ASHRAE Class A 

22-24oC) across all floors or zones. It is known that such a single set point is not the 

best comfort level for all occupants. Facility managers in office buildings are proposing 

zoned HVAV with EEC set points such as 24-26oC, with a view to reach an optimal 

comfort set point, where energy savings are on higher side.  

 

In simple terms, the proposed IoT service collects information on comfort level status, 

desired comfort level and present zone details from the occupants and tries to place 

them in the appropriate EEC zone. A communication on potential energy savings would 

be sent to the occupants, asking them to move to the appropriate zone. If that is denied, 
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a non - EEC zone is assigned by default as per the comfort level demand from the 

occupant. Also, there can be multiple EEC level zones, prompting occupants to be 

seated in an appropriate one, as per their personalized comfort preferences. In addition, 

leveraging machine learning, this service would attempt to personalize a zone for a 

given type of occupant. This would imply, occupants are grouped across the HVAC 

zones, offering the facilities team a visibility on the EEC levels and the number of EEC 

zones. The front end of the service can be a mobile app, operating in the smart device 

of the occupant. 

2 Research Methodology 

The study is exploratory in nature aiming at shortlisting a suitable adoption model for 

this IoT service adoption context. 

2.1 Model Development 

The Theory of Reasoned Action (TRA), Theory of Planned Behavior (TPB), Technol-

ogy Acceptance Model (TAM), and Value Adoption Model (VAM) have been used 

over the years by various researchers to explain the adoption of IoT systems in general 

[19]. TAM by and large is the most cited model to describe ICT systems adoption in 

multiple fields including smart homes, construction project management etc. In addi-

tion, in ICT individual adoption theme, TAM features as the highly used and cited 

model [20]. Early exploratory studies on IoT adoption in India have suggested that PU, 

PEOU as theorized by TAM, and SN and ATT as theorized by TRA, are significantly 

affecting IoT adoption. However, more context specific variables are needed to explain 

the phenomenon comprehensively [19]. Studies on user acceptance of smart home ser-

vices using TPB have recommended to include additional constructs namely mobility, 

security/privacy risk, and trust in the service provider [21]. Along these lines, for this 

IoT service in office spaces, the above-mentioned models are fine-tuned, and empiri-

cally analyzed. 

2.2 Finetuning Constructs of TAM, TRA, TPB and VAM1 

Further the table below is a list of measured variables for this research, mapped to the 

standard constructs of the shortlisted models TAM, TRA, TPB, and VAM. 

Table 1. List of measured variables 

Model Constructs Measured Variables References 

TAM, 

VAM 

Perceived Use-

fulness (PU) 

Mental and physical well-being, per-

ceived productivity and overall comfort 

[22, 23, 

24] 

Perceived ease 

of use (PEOU) 

1) Ability / mental effort to use the ser-

vice, 2) Easy to get what occupant 

[10, 22, 

25] 

 
1  The list of survey questions is available upon request. 
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wants done (to reach an appropriate 

EEC zone of optimal comfort), 3) Con-

venient to access climate control sys-

tems using the app 

Behavioral In-

tent (BI) 

Occupant’s volition, planning and ex-

pectation to adopt the service 
[26, 19] 

TRA & 

TPB 

Attitude 

(ATT) 

Occupant’s behavioral beliefs about the 

outcomes and attributes 

[9, 10, 19] 

Subjective 

Norm (SN) 

 

Beliefs and actions of significant oth-

ers: 1. colleagues' usage, 2. firm’s en-

couragement and 3. occupants in the 

near vicinity (e.g. zone) 

Perceived Be-

havioral con-

trol (PBC) 

Occupant's perceived control over the 

action of interacting with the app’s 

front end 

VAM 

Perceived En-

joyment 

(FUN) 

Positive emotional response of the oc-

cupant while using the IoT service 

[25, 27] 

Technicality 

(TEC) 

1. instant connectivity, 2. faster re-

sponse time and 3. simplicity of user 

interface 

Perceived 

Value (PV) 

Time and effort the occupant has to in-

vest to use the IoT service against the 

potential benefits 

[25, 28] 

 

2.3 Selection of suitable model 

Hypotheses as per TAM, VAM, TRA, TPB are framed and the data collection involved 

a survey with above mentioned constructs and independent measures, in 170 respond-

ents from 6 commercial buildings. This sample size is selected based upon the rule that 

it is preferred to be ten times the number of observed independent variables [28]. TRA, 

TAM, TPB and VAM have been tested using multiple regressions. The coefficient of 

determination (represented by R2) for the dependent construct, was used to assess the 

explanatory power of these models.  

3 Results and Observations 

3.1 Model Checks and Regression Results 

Model checks performed in TRA, TPB, TAM and VAM suggested satisfactory levels 

of construct validity, reliability and discriminant reliability. Cronbach alpha of the   

constructs PE, PEOU, BI, ATT, SN, PBC, FUN, TEC were above >0.7 indicating good 
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construct reliability. Factor loadings of the measured variables belonging to all con-

structs were above 0.6 indicating that they are able to represent the hypothesized factors 

adequately [29, 30]. On similar lines, discriminant validity between constructs are less 

than 0.4 implying no considerable level of correlation between the independent con-

structs. In addition, variance inflation factor (VIF) of all the models were less than < 5 

indicating absence of multicollinearity [31].  R2 values, the goodness of fit measure of 

multiple regression, suggested that all the considered models are able to explain the 

behavioral intention to adopt the proposed IoT service. 

 

The results summary with R2 and coefficients value is as presented below. Except SN 

and ATT in TPB, FUN and TEC in VAM, all other constructs had p-values less than 

0.05, indicating that they are statistically significant. 

Table 2. Summary of R2 and coefficients value 

Model Constructs Coefficients Explanatory Power R2 

TAM 
PU 0.497 

37.0% 
PEOU 0.209 

TRA 
ATT 0.327 

16.7% 
SN 0.199 

TPB PBC 0.560 35.6% 

VAM 

PU 0.507 

37.3% 
FUN 0.083 

PEOU 0.210 

TEC 0.071 

4 Discussion 

The objective of this research is to investigate how well existing adoption models are 

able to quantify the occupant adoption of IoT services in intelligent buildings in the 

context of comfort and energy savings. 

From this exploratory work, TAM is shortlisted as the suitable model. This is because 

1) PU of TAM covers productivity, well-being and overall comfort and is statistically 

significant, 2a) PEOU of TAM covers the aspects of ease of accomplishing EEC zone 

movement, and the convenience of accessing climate control system and is statistically 

significant, 2b) TAM has the highest explanatory power among the models considered, 

3) VAM did not explain any greater than TAM and additional constructs FUN and TEC 

were not statistically significant, 4) Explanatory power of  TRA and TPB are lesser, 

when compared with TAM, which by far is the most used and cited model in ICT liter-

ature. 

From the TAM main effects, it is to be noted that PEOU’s influence is found to be 

lesser than the PU. This is possibly caused by the fact that IoT edge devices (smart 

watches, virtual assistants and mobile phones with custom software applications) are 
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becoming more and more commonly used by the general public. Their perception that 

these devices take less mental effort to use, could lead to the lesser significance of 

PEOU in adoption intent. Nevertheless, it is to be noted that PEOU has been statistically 

significant, owing to the following reasons: 1) It covers the aspect of ease of getting the 

objective done, i.e. using the IoT service to pick an EEC zone which offers optimal 

comfort, 2) Convenience to access, i.e. accessing climate control systems in conven-

tional systems haven’t been possible for occupants, but this IoT service makes it possi-

ble. The high significance of PU is owing to the fact that it addresses the direct and 

indirect benefits of the service viz, 1) overall comfort, 2) productivity, and 3) occupant 

well-being.  

 

Also, the effect of SN is lower than ATT and PBC in TRA and TPB. This can be at-

tributed to the relatively low influence of colleagues, firm and other occupants when 

compared to an individual’s perception of the benefits, importance and interest to use.  

On similar lines, PBC’s higher influence in TPB is attributed to the relative importance 

given to accessibility and usability by individuals using such IoT services.   

 

It is also to be noted that VAM had little advantage over TAM in the current context. 

This is owing to, 1) There is no additional fee payable by the occupant to use this IoT 

service, 2) Occupants in their busy work schedule, probably don’t perceive moving 

between zones as fun, 3) Technicality of using the app is well known to them that they 

possibly find it insignificant.  

 

These models are limited to only the “Consideration of Technology” aspect in intelli-

gent buildings.  Further research is warranted which considers “User Requirements” 

such as, (a) adaptive occupant behavior, (b) energy-related occupant behavior, (c) oc-

cupant privacy, (d) data security, (e) cost consciousness, (f) perceived environment 

friendliness, (g) perceived impact on occupant productivity and control, etc.  With these 

constructs included, BI can be explained to a significant extent. 

5 Conclusions 

This exploratory work is based on the four well recognized theories in the area of tech-

nology adoption, namely TRA, TAM, VAM and TPB.  We have employed a compar-

ative approach to understand the intention of occupants in intelligent buildings to en-

gage with IoT based smart comfort and energy control systems.  Our study is perhaps 

the first in the area of adoption of IoT services in intelligent buildings in India.  The 

results clearly indicate that TAM has the highest explanatory power among the models 

considered and VAM did not explain any greater than TAM.  Further, PU in TAM, 

ATT in TRA, and PBC in TPB are the most significant predictors of BI to adopt IoT 

devices in intelligent buildings.  The study has also found that PEOU in TAM is a less 

significant predictor of BI, possibly since occupants of commercial buildings are well-

versed in using IoT based smart devices in their day-to-day lives.  The other factors 

including propensity to save energy and reduce consumption costs, propensity to be 



8 

identified as a champion of energy savings, and environment friendliness, specific to 

energy- and comfort-related occupant behavior in intelligent buildings, should be iden-

tified and evaluated to realize better prediction levels.  Further studies should also ex-

amine if building location-specific, climate specific, and occupant generation specific 

factors could help explain technology adoption phenomena better. 

 

6 References 

1. Spencer T, Awasthy A, Analyzing and Projecting Indian Electricity Demand to 2030. Avail-

able from: https://www.teriin.org/sites/default/files/2019-02/Analysing%20and%20Project-

ing%20Indian%20Electricity%20Demand%20to%202030.pdf. Last Accessed: July 17, 

2020. 

2. BP Energy Outlook – 2019 - Insights from the Evolving transition scenario – India. Availa-

ble from: https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/en-

ergy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf. Last 

Accessed: July 17, 2020. 

3. Minoli, D., Sohraby, K., Occhiogrosso, B.: IoT considerations, requirements, and architec-

tures for smart buildings—Energy optimization and next-generation building management 

systems. IEEE Internet of Things Journal 4(1), 269-283 (2017). 

4. Sharples, S., Callaghan, V., Clarke, G..: A multi-agent architecture for intelligent building 

sensing and control, Sensor Review, 19(2), 135-140 (1999) 

5. Bajer, M. IoT for smart buildings-long awaited revolution or lean evolution. In: IEEE 6th 

International Conference on Future Internet of Things and Cloud (FiCloud) 2018, 154, pp. 

149-154, IEEE.  

6. Auffenberg, F., Stein, S., Rogers, A.: A personalized thermal comfort model using a Bayes-

ian network, In: Twenty-Fourth International Joint Conference on Artificial Intelligence 

2015, pp. 2547-2553. 

7. Klein, L., Kwak, J. Y., Kavulya, G., Jazizadeh, F., Becerik-Gerber, B., Varakantham, P., 

Tambe, M.: Coordinating occupant behavior for building energy and comfort management 

using multi-agent systems. Automation in construction 22, 525-536 (2012). 

8. Jazizadeh, F., Kavulya, G., Klein, L., Becerik-Gerber, B.: Continuous sensing of occupant 

perception of indoor ambient factors. In: 2011 ASCE International Workshop on Computing 

in Civil Engineering 2011, pp. 161-168, 

9. Zhao, P., T. Peffer, R. Narayanamurthy, G. Fierro, P. Raftery, S. Kaam, and J. Kim. 2016. 

Getting into the zone: how the internet of things can improve energy efficiency and demand 

response in a commercial building. Proceedings of ACEEE Summer Study on Energy Effi-

ciency in Buildings. Pacific Grove, CA., 12. 3.1-3.12 (2016) 

10. Romero Herrera, N., Doolaard, J., Guerra-Santin, O., Jaskiewicz, T., Keyson, D.: Office 

occupants as active actors in assessing and informing comfort: a context-embedded comfort 

assessment in indoor environmental quality investigations. Advances in Building Energy 

Research 14(1), 41-65 (2020). 

11. Metzger, Z. J. Z. I. D.: Taguchi-method-based CFD study and optimisation of personalised 

ventilation systems. Indoor and Built Environment 21(5), 690-702 (2012). 

12. Turner, C., Frankel, M.: Energy performance of LEED for new construction buildings. New 

Buildings Institute, 4, 1-42. (2008). 

13. Hong, T., Yan, D., D'Oca, S., Chen, C. F.: Ten questions concerning occupant behavior in 

buildings: The big picture. Building and Environment 114,518-530 (2017). 

https://www.teriin.org/sites/default/files/2019-02/Analysing%20and%20Projecting%20Indian%20Electricity%20Demand%20to%202030.pdf
https://www.teriin.org/sites/default/files/2019-02/Analysing%20and%20Projecting%20Indian%20Electricity%20Demand%20to%202030.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/energy-outlook/bp-energy-outlook-2019-country-insight-india.pdf


9 

14. McCartney, K. J., Nicol, J. F.: Developing an adaptive control algorithm for Europe. Energy 

and buildings 34(6), 623-635 (2002). 

15. Indraganti, M., Ooka, R., Rijal, H. B.: Thermal comfort in offices in India: Behavioral ad-

aptation and the effect of age and gender. Energy and Buildings 103, 284-295 (2015). 

16. Sun, K., Hong, T.: A framework for quantifying the impact of occupant behavior on energy 

savings of energy conservation measures. Energy and Buildings 146, 383-396 (2017). 

17. Pigg, S., Eilers, M., Reed, J.: Behavioral aspects of lighting and occupancy sensors in private 

offices: a case study of a university office building. ACEEE 1996 summer study on energy 

efficiency in buildings 161-170 (1996). 

18. Explained: Why you should keep the AC at 24°C. Retrieved from: https://www.moneycon-

trol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-

4711541.html. Last Retrieved: July 17, 2020. 

19. Mital, M., Chang, V., Choudhary, P., Papa, A., Pani, A. K.: Adoption of Internet of Things 

in India: A test of competing models using a structured equation modeling approach, Tech-

nological Forecasting and Social Change 136, 339-346 (2018). 

20. Korpelainen, E.: Theories of ICT system implementation and adoption: A critical review.  

Aalto University, Finland (2011) 

21. Yang, H., Lee, H., Zo, H.: User acceptance of smart home services: an extension of the 

theory of planned behavior, Industrial Management and Data Systems 117(1) 68-89 (2017) 

22. Davis, F.D.: Perceived usefulness, perceived ease of use, and user acceptance of information 

technology, MIS Quarterly 13(3), 319-340 (1989). 

23. Gou, Z., Prasad, D., Lau, S.s.Y.:Are green buildings more satisfactory and comfortable?. 

Habitat International. 39. 156–161 (2013). 

24. Bluyssen, P., Aries, M., Van Dommelen, P.: Comfort of workers in office buildings: The 

European HOPE project. Building and Environment. 46. 280-288 (2011). 

25. Kim.,H.w.,  Chan, H.C.,  Gupta., S.: Value-based Adoption of Mobile Internet: An empirical 

investigation. Decision Support Systems 43, 111-126 (2007). 

26. Mathieson, K.: Predicting user intentions: comparing the technology acceptance model with 

the theory of planned behavior, Information systems research 2(3), 173-191 (1991). 

27. Choi, J. H., Lee, H. J.: Facets of simplicity for the smartphone interface: A structural model. 

International Journal of Human-Computer Studies 70(2), 129-142 (2012). 

28. Lin, C. H., Sher, P. J., Shih, H. Y.: Past progress and future directions in conceptualizing 

customer perceived value. International Journal of Service Industry Management 16(4), 318-

336 (2005) 

29. Comrey, A. L., & Lee, H. B.: Interpretation and Application of Factor Analytic Results. In: 

A. L. Comrey, & H. B. Lee (Eds.), A First Course in Factor Analysis 1992, (p. 2). Hillsdale, 

NJ: Lawrence Eribaum Associates. 

30. Tabachnick, B. G., Fidell, L. S., Ullman, J. B. Using multivariate statistics (Vol. 5). Boston, 

MA: Pearson. (2007). 

31. Sarstedt, M., Ringle, C. M., Hair, J. F.: Partial least squares structural equation modeling. 

Handbook of market research, 26, 1-40 (2017). 

 

https://www.moneycontrol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-4711541.html
https://www.moneycontrol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-4711541.html
https://www.moneycontrol.com/news/business/economy/explained-why-you-should-keep-the-ac-at-24c-4711541.html

