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Abstract

In light of the high energy consumption associated with Heating Ven-
tilation and Air Conditioning (HVAC) in tourism accommodation estab-
lishments, as well as the concern for guests’satisfaction which limits the
environmental actions of these establishments, this study tests the hy-
pothesis that thermal comfort is socially constructed, and as such, social
norms will be effective in influencing HVAC consumption towards more
sustainable levels. Within the framework of a randomised field experi-
ment, the response of hotel guests to message prompts to set their room
thermostat to a prescribed temperature is observed. Response behav-
iour is monitored using Temperature data logging devises placed in the
rooms. Findings suggest that social norms are effective in influencing ho-
tel guests’room temperature settings, indicating that thermal comfort is
largely socially constructed. The implication of this is that the future
of the current unsustainable trend in resource consumption and Green
House Gas pollution, driven by the increasing adoption of, and demand
for, HVAC systems in buildings, can be modified towards more sustain-
able levels. The application of the behavioural intervention to testing the
social construction of thermal comfort, as well as the technology adopted
for observing behaviour, are a novel contribution to the existing body of
knowledge.

Keywords: Thermal Comfort, Social Norms, Randomised Control
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1 INTRODUCTION

In hotels, space conditioning (heating/cooling, ventilation and air-conditioning
—otherwise known as HVAC) has been identified as the largest single end-user
of energy in an average hotel (Hotel Energy Solutions, 2011b). The importance
of targeting energy effi ciency interventions for HVAC systems, in line with influ-
encing overall energy consumption in hotels, is hence highlighted. While the role
of renewable energy options and technological and architectural interventions in
reducing overall energy consumption in hotels cannot be over-estimated, the im-
portance of behavioural interventions has also been highlighted in many studies,
including but not restricted to the hospitality industry, and the success rates
have been varying but highly positive (Hotel Energy Solutions, 2011a; Allcott
& Mullainathan, 2010; Ferraro & Price, 2013; Schultz et al., 2008).
The importance and effectiveness of simple behavioural measures, such as

pre-setting the maximum and minimum room temperature levels to acceptable
temperatures, has been highlighted in the literature (Simpson, Gössling, Scott,
Hall & Gladin, 2008; Hotel Energy Solutions, 2011a). The role of hotel guests
in contributing to space conditioning consumption, and hence improved energy
effi ciency is further stressed: “the energy saving potential of hotels is significant;
especially when a large part of the energy consumption is due to unnecessary loss
and wastage. For instance, guests are frequently given full control over thermo-
stat settings and individual air conditioning units, and they adjust these with
little or no concern for energy conservation” (Hotel Energy Solutions, 2011a:
9).Tourism Accommodation Establishments (TAEs) are, however, challenged as
they struggle to find effective means to modify guests’behaviour without com-
promising their comfort and satisfaction experiences (Kasim, 2007; Rogerson &
Sims, 2012). This is because, in the hospitality industry, success is dependent on
customer loyalty and satisfaction, which are directly linked and are a function
of service quality (Cronin, Brady & Hult, 2000; Kandampully & Suhartanto,
2000).
The use of the behavioural economics tool of non-price interventions, in the

form of social normative prompts and nudges, to modify hotel guests’behaviour
has been highlighted and tested (using various message framing techniques) in
the literature (Cialdini, 2003, 2007; Cialdini, Demaine, Sagarin, Barrett, Rhoads
& Winter, 2006; Goldstein, Cialdini & Griskevicius, 2008; Morgan & Chom-
preeda, 2014; Schultz et al., 2008; Shang, Basil & Wymer, 2010). These studies
have found successful indications of the superiority of social norms in inducing
behavioural modifications when compared to traditional environmental appeals.
These studies have, however, focused on towel and linen reuse policies, because
the response behaviour of the guests can be easily monitored and measured
within this initiative. The effectiveness of these tools of behavioural economics
in sustainable initiatives that directly impact the comfort experience of guests
has not been studied in the literature. This is due to the diffi culty in observing
guests’behaviour while they are in the rooms given privacy and comfort con-
cerns. To circumvent this challenge, the study proposes the use of non-invasive
information technology (IT) to observe hotel guests’behavioural responses.
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The role of IT in tourism has been widely investigated. IT has proved
effective as a tool for data collection, cost reduction, understanding customer
preferences, improved service delivery, and improved customer experience (Law,
Leung & Buhalis, 2009; Singh Abhi & Rana, 2015). While the reference to IT in
the tourism literature often focuses on the internet (Singh Abhi & Rana, 2015),
this study proposes the use of an information collection and storage technol-
ogy called a Temperature Data Logger (TDL). TDLs have a wide application,
including temperature monitoring for agriculture, horticulture and environmen-
tal studies, food and medical storage, and transportation. It will, however, be
adopted in this study to monitor how hotel guests’temperature settings vary
with various behavioural messages placed in the rooms. This study aims to pro-
vide further evidence of the superior effectiveness of social normative prompts
over environmental prompts on the compliance behaviour of hotel guests using
TDL technology.
The contribution of this study to the existing body of knowledge is twofold:

1) it verifies to what extent thermal comfort is socially constructed by providing
evidence of the effectiveness of previously tested tools of descriptive social norms
in modifying hotel guests’environmental behaviour; and 2) It contributes to the
findings of previous studies on the effects of social norms on individual private
behaviour, such as hotel guests’towel reuse behaviour, and demonstrates that
these findings extend to guests’ room temperature setting behaviour. These
contributions help better understand the preferences of hotel guests and provide
useful insights for the design of sustainability-centred intervention programs that
affect hotel guests’comfort levels.
The rest of this paper is structured as follows: Section 2 provides the theoret-

ical and conceptual lens via which this study is approached. Section 3 provides a
brief review of relevant literature in order to locate this study within the context
of previous studies on hotel guests’environmental behaviour. Section 4 details
the nature of the data, methods of analysis used, and empirical results of the
study. A discussion and the policy implications of these results are presented in
Section 5, and Section 6 concludes the paper and makes recommendations for
further studies.

2 THE SOCIAL CONSTRUCTION OF THER-
MAL COMFORT — THEORETICAL AND
CONCEPTUAL UNDERPINNINGS

To address the challenge of the service nature of the Tourism Accommodation
Industry (TAI) which limits TAEs from implementing Environmental Sustain-
ability (ES) initiatives due to their concern for guests’comfort, this study adopts
the approach to comfort postulated by Elizabeth Shove in many of her works.
Shove (2003a,b) addresses what she calls the three Cs —Comfort, Cleanliness
and Convenience, which can be argued to be three key pillars in the TAI. Al-
though her studies and arguments regarding the three Cs were not focused on
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the TAI but on society as a whole, she demonstrates the implications of the
current trends in these Cs for the challenge of climate change and ES.
Arguing from a social constructionist perspective, Shove suggests that in-

stead of focusing solely on improving the eco-effi ciency of technological equip-
ment, the focus should be on understanding and addressing the specification of
the services represented in and by the three Cs, and the possibility of modifying
the current trend (Shove, 2003b). Focusing on the indoor thermal dimension of
comfort, the showering dimension of cleanliness, and the frozen food dimension
of convenience, Shove traces the development of these activities and services
over time, examining what they represent for the three Cs, and how they are
“intimately linked in reproducing what people take to be normal and, for them,
ordinary ways of life”(Shove 2003b: 395). From a sociological perspective, she
exposits the systemic relationship between such everyday life and the discourse
of sustainability.
Although not explicitly stated in her works, she adopts the social construc-

tionist approach, and demonstrates, via these services and activities, how the
three Cs are largely socially constructed via various phases of evolution, and
hence have a potential for evolving from their current environmental-threatening
pattern to more sustainable and environmentally preserving patterns. Subse-
quent sections examine the social constructionist approach and demonstrate the
way in which Shove employs it in deconstructing the evolution of the three Cs.

2.1 The social constructionist approach

According to Gergen (1985: 266), one of the earliest scholars in the Social
Constructionist movement, “Social Constructionism views discourse about the
world not as a reflection or map of the world, but as an artefact of commu-
nal interchange”. This approach arose to challenge the then conventional posi-
tivist approach to discourses which emphasised the “importance of the biological
and physiological substrate in the determination of specific emotions”(Kemper,
1981: 336). The social constructionist approach views practices in the world as
largely determined by social norms, and suggests that there is ‘great plasticity’
to human behaviour, such that social and cultural norms can determine, almost
exclusively, appropriate and acceptable human behaviour and actions, and the
construction of these by humans (Kemper, 1981: 337). Consequently, what is
viewed as normal in both physical and social reality is ‘value-based’, depend-
ing on historical events, economic contexts, and socio-political backgrounds and
frameworks, such that “there is no normality outside of a particular context”
(Freud, 1999: 333). This indicates a linking between the socio-economic, socio-
political, ethical and moral aspects of human life and standards of normality,
all of which are time-, era- and geography-dependent.
According to Gergen (1985: 266), at the “metatheoretical level”, the social

constructionist approach holds one or more of the following four assumptions:
1) That “what we take to be experience of the world does not itself dictate the
terms by which the world is understood” (Gergen, 1985: 266); 2) “The terms
in which the world is understood are social artefacts, products of historically
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situated interchanges among people”(ibid., 1985: 267); 3) “The degree to which
a given form of understanding prevails or is sustained across time is not funda-
mentally dependent on the empirical validity of the perspective in question, but
on the vicissitudes of social processes (e.g., communication, negotiation, con-
flict, rhetoric)” (ibid., 1985: 268); and 4) “forms of negotiated understanding
are of critical significance in social life, as they are integrally connected with
many other activities in which people engage”(ibid., 1985: 268).
These assumptions imply that “knowledge is not something people possess

somewhere in their heads, but rather something people do together” (Gergen,
1985: 270), and is hence constructed and not created (Andrews, 2012). As such,
human actions, reactions, and behaviours depend critically on their cognitive
perceptions of the world — that is, how they cognitively process information
presented or observed, rather than on the “world as it is”(Gergen, 1985: 269).
Consequently, in answering questions about the whys of human actions in order
to explain them, the focus shifts from the “psychological state or process”’to the
interrelationships amongst individuals (Gergen, 1985: 271). A key implication
of this, as implemented and demonstrated repeatedly by Shove (2003a,b) and
Chappells and Shove (Chappells & Shove, 2005) is that “professional agreements
become suspect”, for example, internationally adopted standards of thermal
comfort such as the American Society of Heating, Refrigeration and Air Con-
ditioning Engineers (ASHRAE) Standard 55 (Shove, 2003b); and “normalised
beliefs become targets of demystification”, for example, Shove’s (2003a: 26) in-
quiry into “how is it that so many people spend their days in an environment
that wavers little around 220C and that stays the same all year round, whatever
the weather outside”.
Since the introduction of the approach decades ago (see Gergen, 1985 and

Andrews, 2012 for a detailed history of its development and progression over
time), it has been widely adopted in various fields including sociology, psychol-
ogy, social work, education and literacy, gender and sexuality studies, man-
agement studies, and the medicinal and health sciences (see Cohen, Duber-
ley & Mallon, 2004; Burningham & Cooper, 1999; Shotter, 1997; Sayer, 1997;
Kitzinger, 1995; Holman, Pavlica & Thorpe, 1997; DeLamater & Hyde, 1998;
Houston, 2001; Siebers, 2001; Rust, 1993; Bury, 1986; Green & Stiers, 2002;
Freud, 1999). In its various discourses, various concepts and unique nomencla-
ture arise and are debated, such as the exogeneity and endogeneity of knowledge
(Gergen, 1985), the subjectivity and objectivity of reality (Andrews, 2012), the
role of language, the dynamics of power and privilege in constructionism in
society, and the hierarchical structures and norms which are critical to con-
structionism (Green & Stiers, 2002). Exploring these is, however, outside the
scope of this study. Despite the diverse adoption of the approach and its evo-
lution over time, like any other approach, social constructionism has its critics
(see Sayer, 1997; Cromby & Nightingale, 1999; Burr, 1998; DeLamater & Hyde,
1998; Houston, 2001; and Andrews, 2012 for some of the criticism of the ap-
proach). Regardless, this study’s interest in the theory is as it relates to Shove’s
discussion and elucidation of comfort as a social construct.
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2.2 Thermal comfort as a social construct

ASHRAE Standard 55-2010 defines thermal comfort as “that condition of mind
that expresses satisfaction with the thermal environment and is assessed by
subjective evaluation”(ASHRAE, 2010: 3). The “subjective evaluation”qual-
ifier captures ASHRAE’s findings after extensive research that “because there
are large variations, both physiologically and psychologically, from person to
person, it is diffi cult to satisfy everyone in a space. The environmental con-
ditions required for comfort are not the same for everyone” (ASHRAE, 2010:
4). Despite acknowledging this diffi culty, ASHRAE still adopts the positivist
approach, in that they emphasise the physiological and psychological definition
of thermal comfort. Based on this definition, they have conducted extensive
field experiments to “define conditions that a specified percentage of occupants
will find thermally comfortable”(ASHRAE, 2010: 4), and based on these defi-
nitions, they have produced standards which guide building designs and HVAC
systems worldwide (Shove, 2012; Walker, Shove & Brown, 2014).
Shove argues against this seeming positivist approach and demonstrates that,

consistent with the second and third metatheoretical assumption of social con-
structionism, at its core, this idea is not only unnatural but is also a product
of socially constructed ideals designed to serve commercial interests. In demon-
strating this, she emphasises how the current definition and need for comfort
and energy were invented, showing how changes in the definition of comfort
have varied over time. She further highlights the irony of how the objective of
creating the most natural environment for human comfort has resulted in the
complete annihilation of nature from the process, with emphasis now being on
“shielding people from nature”.
In her analysis, Shove proxies for comfort using thermal comfort. However,

she acknowledges this and argues for it stating that “there is more to com-
fort than space heating and cooling, but these two processes account for the
lion’s share of domestic energy use” (Shove, 2003b: 396). She states however
that this has not always been the case. Tracing the word comfort to its Latin
origin as the verb ‘confortare’, Shove argues that comfort was first defined in
relation to the state of the mind and associated with physical strength, mental
strength, and psychological encouragement or consolation (Shove, 2003a: 23).
Over time, the definition of comfort became more focused on materiality, and
in this sense, comfort was seen as an achievement representing a form of mid-
dle ground between necessity and luxury. Consequently, the pursuit of comfort
led to the reconceptualization of values, the redesigning of the physical mater-
ial environment, and the modification of behaviours, emphasising the physical
characteristic of comfort, as opposed to the mind-centred characteristic. This,
Shove says, “legitimised new forms of consumption” and “provided a useful
benchmark for social reform, offering a point of reference against which to as-
sess ‘normal’societal entitlements.”(Shove, 2003a: 24). This “reformulation of
comfort as an achievement emphasised a physical nature associated with enti-
tlements, which exists independent of the means and technologies by which it is
produced and known” (Shove 2003a: 24)was, however flawed as the definition
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of these entitlements remained unclear and ambiguous, and the question of who
defines it, as well as when it is achieved, remained vague.
Shove theorises that this gap was filled by a further redefinition of comfort

as an ‘attribute’ in line with the materialistic orientation. In this definition,
comfort became viewed as a material attribute of products and objects such
as furniture and clothing, with emphasis being laid on quality (Shove, 2003a).
However, there was still a gap in that quality remained ambiguous and unde-
fined. This, Shove argues, shaped the space for designers and manufacturers
of products and objects to create definitions of quality that reflected various
comfort levels/attainments. To do this, designers and manufacturers structured
their products in such a way that there were various standards of quality, and
each standard could be sold as a component of the products they offered. In
this, the commoditisation and commercialisation of comfort as a material at-
tribute was birthed, with various standards being developed, associated with
varying levels of quality.
However, as far back as 1969, the idea that ‘what is thermally comfortable’

can be standardised has been contested. Cooper (1982), quoting Banham (1969:
277), argues that “there are no absolute environmental standards for human be-
ings because: ’... the environmental needs of the whole living man are variable
in sickness and in health, youth and age, education and culture, physical and
social circumstances.’; Nor are standards relative simply in the sense that they
may alter over time.” Likening comfort to other scarce commodities and re-
sources in societies, Cooper (1982) and Shove (2003a, 2012) posit that thermal
comfort standards are a service industry commodity, promoted and sold by the
HVAC industry, which is regulated by engineers such as those of ASHRAE. Ab-
stracting from the commodity construction of thermal comfort, Cooper argues
that thermal comfort is, in reality, a “social construct which reflects the beliefs,
values, expectations and aspirations of those who construct them”, and as such
is relative and subject to change, like the factors it reflects (Cooper, 1982: 270).
In line with Cooper’s argument, Shove (2003b) calls into question the quan-

tification and standardisation of thermal comfort by the reminder that for thou-
sands of years, humans have lived in tropical, arctic and arid regions of the world
and have had to cater to their thermal comfort needs given the vulnerability
of the physical human body. The management of comfort hence predates the
modern standardisation attempt by thousands of years, as humans have had to
protect themselves using “shelters ranging from the thin fabric of a tent to the
thick ice blocks of an igloo, [and] have found ways of modifying the thermal vari-
ability of the outdoor environment”(Shove, 2003a: 29). Tracing the evolvement
of conceptualisations of thermal comfort over time, she questions the validity
of the “heat balance model”, which is the basis for many HVAC standardisa-
tion protocols, and its assumption that “people will report being comfortable
given the right environmental conditions” (Shove, 2003a: 29). Enshrined in
this assumption is the idea that there exists the “perfect environmental condi-
tion”, that humans are “passive recipients of thermal stimuli”, and that once
the perfect environment is identified, it can be replicated indoors (ibid, 2003a:
29). This, she argues, led to the search for the perfect environmental condition
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—such as the “best of the beach” or the “fresh breeze of a mountain resort”
(Shove, 2003a: 30). The search was, however, not too long as it was discovered
that many varying factors, beyond the environment, contribute to what makes
an individual feel comfortable.
This, however, did not mean the end of the pursuit of indoor thermal control.

With the discovery in the 1920s that it was possible to reproduce, and hence
control, certain parameters, such as temperature, humidity, and ventilation, the
quest for thermal comfort standardisation continued (Chappells & Shove, 2005;
Shove, 2003b; Shove, 2003a). Architects, engineers, building scientists and de-
signers were all the more interested in quantitatively identifying and creating
the optimal indoor environment. Over time, standards such as ASHRAE-55
and ISO-7730 were developed, with narrow definitions of thermal comfort based
on quantitative computations with input from field studies. In emphasising the
position of these standards more as commodities than as practical reflections
of reality, Chappells and Shove (2005) contrast the trend in the 1900s which
emphasised the importance of fresh air for the healthy development of an in-
dividual, with the current trend that emphasises limiting exposure to natural
weather elements to improve productivity. This reversal of convention, they ar-
gue, led to an explosion in the market for artificial ventilation, such that HVAC
systems based on the prescribed standards are “bought and sold in places as
climatically varied as Norway and Singapore” (Chappells & Shove, 2005: 34).
This emphasises the paradox in the precise definitions of comfort generated by
scientific research and points to the ‘self-fulfilling’nature of these standards as
they, increasingly by these standardisations, construct and reproduce ideas and
ideals of normality.
Shove (2003a,b), hence, concludes that the normalisation of the need for air

conditioning is unnatural, and a product of a series of events, processes and
interactions which have yielded a specific definition of comfort, which over time
has become reified and reproduced. This reproduction is further associated
with increasing consumption of energy resources (such as fossil fuels) and re-
lease of waste by-products and side-products (such carbon dioxide (CO2) and
chlorofluorocarbons (CFCs) which are harmful to the environment.

2.3 Reconfiguring normality

Shove (2014) argues that for such services for which the convergence of their
definitions of normality are characterised by unsustainable patterns of consump-
tion which has become a threat to the environment, and for which it can be
demonstrated that their transitional paths over time are “outcomes of dialec-
tical interaction between individuals and institutional projects” (Shove, 2014:
423) (such as certain services of comfort), focusing on reforming technology to
become more ‘green/sustainable’without accounting for the internal dynam-
ics of these interactions will be futile. This is because, for such services, the
“practices and associated standard of living are, in effect, inscribed in how in-
frastructures are conceptualised and managed”and exist “as part of a backdrop
of taken-for-granted order”(Shove, 2014: 426). She argues that this taken-for-
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granted order of what is normal is malleable (Shove, 2003b), and posits that to
achieve that the change policymakers seek, the dynamic contexts of such services
need to be revisited. This, Shove argues, might reveal the need for changes in
societal values, the reorganisation of institutions, and the reformulation and/or
recasting of legislation.
Without this, the focus on technological reforms will only lead to a reversal to

the initial status quo of negative patterns because, quoting Pred (1981: 17), “so-
cial transformation and altered structural relations can only occur through the
introduction, disappearance or modification of institutional projects” (Shove,
2014: 425). Shove (2014: 426) hence argues for the reconfiguration of the
current conversation on climate change and sustainability, and further investi-
gation into how “policy-making structures patterns of consumption”. This will
help in better understanding the current unsustainable demand for resources
associated with consumption on which the taken-for-granted order of normality
hinges. In this, the potential for the “transformation of sociotechnical regimes
of normality with the re-specification of concepts of services” (Shove, 2003b:
416) is highlighted.
The next section further explores the social construction of normality, espe-

cially as determined by societal settings, and how these societal settings can be
manipulated towards a more sustainable definition of normality.

2.4 Social normative influence

The preceding sections demonstrate that normality is socially constructed and
is a result of intricate dynamics of relations between different agents, and that
these constructs can be reformulated. Scholars over time have investigated the
role of societal definitions of ‘normal’(or social norms) on the behaviour and
actions of humans. One of the foremost scholars in the theory, discourse, and
literature of social norms, Robert Cialdini, in his book chapter with Melanie
Trost, defines social norms as “rules and standards that are understood by
members of a group, and that guide/constrain social behaviour without the
force of laws” (Cialdini & Trost, 1998: 152). Consistent with the social con-
structionist paradigm, the social normative discourse asserts that in social set-
tings, individuals source information to guide their actions and reactions from
these norms (Elster, 1989; Cialdini, Kallgren & Reno, 1991; Kandori, 1992;
Cialdini & Goldstein, 2004; Cialdini & Trost, 1998). Tilyard (2011), however,
identifies from the trends in the literature that although the active observa-
tion/witnessing of the actions of others provides the norm information for a
given social context, physical social interaction is necessary, but not a prereq-
uisite for obtaining social information. Normative information can be commu-
nicated via secondary environmental fixtures such as billboards, message cards,
information pamphlets, computerised messages, and even the litter-state of a
public area/facility (see Costa & Kahn, 2010; LaBrie & Lewis, 2013; Ayres,
Raseman & Shih, 2009; Baca-Motes, Brown, Gneezy, Keenan & Nelson, 2012;
Schultz et al., 2008; Schultz et al., 2007; Ford, 2010; Göckeritz et al., 2009;
Morgan & Chompreeda, 2014; Ferraro, 2014; and Cialdini, Reno & Kallgren,
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1990).
The effectiveness of social normative information on individual decision mak-

ing is independent of the source of the information (Cialdini & Trost, 1998), and
influences individual behaviour as long as individuals perceive that the behav-
iour of the other individuals in their context follows in the given norm. The
construction of a norm hence provides a theoretical tool for guiding behaviour
towards desirable outcomes (Aarts & Dijksterhuis, 2003; Göckeritz et al., 2009),
and is unique in its effectiveness in that norms function unconsciously — in-
dividuals are not consciously aware of the influence of social norms on their
actions.
Cialdini et al. (1990), however, emphasise that the effectiveness of a norm in

influencing behaviour is dependent on the ‘salience’characteristic of the norm.
They argue that the likelihood of a norm influencing an individual’s behaviour
is highly dependent on whether or not it is activated at the time the individual’s
decision is being made. This emphasises the role of proximity of the social nor-
mative information to the setting in which the relevant behaviour is to occur —
the closer the proximity to the setting, the more effective the influence on behav-
iour. The role of proximity is associated with the fact that the understanding
of a norm is individual specific as “norms reside in the head of the individual,
and they can often differ dramatically in their degree of accuracy” (Göckeritz
et al., 2009: 515). Social norms hence vary with the ‘normative belief’of an
individual, and modifying such belief requires proximity.
Cialdini et al. (1990) differentiate between two categories of norms: descrip-

tive norms, which refer to an individual’s perception/thought about common
social conduct, and injunctive norms, which refer to an individual’s thought
of the social approval of a conduct. Descriptive norms provide information on
the most effective and adaptive behavioural conduct within a specific setting,
and a baseline behavioural standard from which individuals refrain from devi-
ating (Cialdini, 2007; Cialdini et al., 1990; Goldstein et al., 2008; Schultz et
al., 2007). Injunctive norms, on the other hand, provide information on what
mode/pattern of behaviour is socially sanctioned, and influence individual be-
haviours via their beliefs about the social penalties and rewards associated with
such behaviour (Cialdini et al., 1991, 1990; Schultz et al., 2008; Smith, Louis,
Terry, Greenaway, Clarke & Cheng, 2012). The source of such norms, be it from
close associates or strangers, significantly influences decision making amongst
individuals with regard to behaviour associated with the norms (Cialdini, 2007;
Schultz et al., 2008; Smith et al., 2012).
The distinction between descriptive and injunctive social norms lies in their

source of motivation (Cialdini et al., 1990; Reno, Cialdini & Kallgren, 1993).
The injunctive norm is primed on the idea that people seek to gain the approval
of an audience (real or imagined), or at least satisfy their expectations, while
the descriptive norm anchors on indicating how a given action/behaviour is per-
formed (Reno et al., 1993). The priming of injunctive norms on real or imagined
audiences emphasises the irrelevance of the physical presence of another in in-
fluencing behaviour. This characteristic of injunctive norms bears significant
implications for research which seek to modify environmental behaviour, espe-
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cially that associated with resource consumption (i.e. energy, water and waste)
as such behaviour is often privately conducted (Tilyard, 2011). The effectiveness
of a norm when the reference audience is imagined has been tested by Goldstein
et al. (2008) and Schultz et al. (2008) in studies on towel reuse behaviour
amongst hotel guests, and by Nolan et al. (2008) on energy consumption in
households.
Shove’s (2003a,b,c) discussions on the social construction of comfort and

cleanliness, particularly focus on the social construction of private activities,
such as indoor thermal settings and showering, and demonstrates how these
private activities are indeed influenced by a non-present audience.
Section 6.3 provides a review of studies that have implemented social norms

to private behaviour decision making in the TAI. These studies focus on the
effectiveness of social norms in influencing hotel guests to reuse their towels —
an activity that borders between Shove’s Cs of cleanliness and convenience (i.e.
in TAEs, the daily changing and refolding of linen (by staff) is packed as a
luxurious service associated with higher levels of cleanliness and convenience).

3 REVIEW OF RELEVANT LITERATURE

The first published study that applies social norms to modify the actions of
hotel guests in line with sustainability-oriented outcomes was carried out by
Goldstein et al. in 2007 with further details published in 2008 (Goldstein et al.,
2008; Goldstein, Griskevicius & Cialdini, 2007). In 2007, Goldstein et al. car-
ried out an initial study to evaluate the psychology behind various invitations to
hotel guests to reuse their towels and linen. The objective of this enquiry was to
identify the most effective ways of improving guests’participation rates. Using
different message framing techniques (e.g. different message types printed on
cards and placed in hotel bathrooms), they find that cards bearing environmen-
tal appeals and those bearing social responsibility appeals were more effective
at inducing compliance than cards bearing appeals that would benefit the ho-
tel only. Furthermore, they proffer and test the idea of solutions which invoke
societal norms in the form of ‘reciprocation norms’ and ‘descriptive norms’.
Reciprocation norms appealed to guests to cooperate with the hotel’s en-

vironmental initiatives by reusing their towels because the hotel was already
contributing to a sustainable/developmental cause (Goldstein et al., 2007: 147—
149), while descriptive norms provided an indication of the action/behaviour
that is most effective or adaptive in a given situation (i.e., told guests that other
hotel guests reused their towels). They hence have the power to influence and
motivate the actions of individuals, both in private and in public (Goldstein et
al., 2008; Cialdini et al., 1991; Goldstein et al., 2007). The findings of the study
indicated that these social norms were significantly more effective in inducing
compliance behaviour than the environmental appeal and social responsibility
appeal.
In a follow-up study in 2008, the authors (Goldstein et al.) carried out field

experiments to test the effect of social proximity on the results from the former

11



study. They examined the responsiveness of hotel guests to messages with vary-
ing proximity of the reference group types associated with a given social norm
and compared this to traditional environmental appeals. Within the framework
of a Randomised Control Trial (RCT), different message types were randomly
assigned to hotel rooms and data was collected by observing whether or not the
guests indicated that they wanted to reuse their towel by NOT leaving it on
the floor. Results from the experiment further highlighted the superiority of so-
cial normative appeals to traditional appeals to pro-environmental behaviour in
eliciting cooperative responses to these towel reuse messages and demonstrated
that the closer the social reference group, the more effective the norm in in-
ducing behaviour change. That is, references to community members induced
higher response rates that references to fellow countrypersons.
The second published study was by Schultz et al. (2008). In a social ex-

periment similar to that carried out by Goldstein et al. (Goldstein et al., 2008,
2007), these authors tested the ability of printed normative messages to in-
fluence conservation behaviour among hotel guests, using the platform of the
towel reuse program. The ideas and methods used were similar to Goldstein
et al. (2008), and they obtained similar findings. The studies reviewed above,
as well as others that seek to test hotel guests’compliance rates (Shang et al.,
2010; Baca-Motes et al., 2012), consistently evaluate the effectiveness of their
intervention techniques within the towel reuse program initiative. A key reason
for this is that the response behaviour of the guests can be easily monitored and
measured when compared to other guest-oriented sustainable initiatives. The
effectiveness of social norms in sustainable initiatives that directly impact the
comfort experience of guests, such as taking shorter showers, turning off air con-
ditioners or making use of pre-set temperatures, is non-existent. This is often
because observing guests’behaviour while they are in the rooms is a challenge
due to privacy concerns.
Following from Shove’s argument, this study carried out an experiment to

test the possibility of modifying the current construction of comfort. Adopting
evidence from the literature on social norms, which demonstrates the ability of
norms to modify behaviour in certain spheres of human activities and behaviour,
the study tests if this effectiveness extends to the idea of thermal comfort. It
argues that if thermal comfort is purely socially constructed, then the positive
evidence from other studies will extend to it and will be picked up in this
experiment. In the case that it is picked up, it will evince Shove’s argument and
proposition for addressing the challenge of increased resource use and climate
change. Although the war on changing tracks in HVAC system use might be
as tough as that of fossil fuels given the current commercial stake in the HVAC
industry, a little progress at a time may go a long way.
To circumvent the challenge of observing guests’behaviour while they are in

the rooms, the study used non-invasive information technology to observe hotel
guests’responses to behavioural prompts.
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3.1 DATA, METHODOLOGY, AND RESULTS

In this section, a detailed summary of the experimental procedure adopted in
this study is first presented. The data generated from the experiment is then
described, and the methodology utilised to analyse the data, detailed. Finally,
the results of the data analysis are presented.

3.2 The experiment

The objective of this study was to evaluate the effectiveness of non-price inter-
ventions in the form of social normative prompts on environmental compliance
behaviour of hotel guests where such behaviour directly affects their comfort
levels. The overall aim is to design an effective intervention program and in-
creasing compliance without compromising the comfort level and satisfaction
experience of guests. Specifically, the study aimed to answer the question: How
do hotel guests’respond to prompts to adjust their room temperature to be in
line with prescribed environmentally sustainable levels? To accomplish this,
an experimental program1 was designed for implementation in a hotel.
Need assessment: The need for the program, as discussed in the intro-

duction and literature review, is twofold: a) Given Shove’s argument for the
social construction of thermal comfort, the effect of social normative prompts
on activities that affect guests’comfort (i.e. air conditioning) on hotel guests’
pro-environmental behaviour is yet to be explored; and b) heating and cooling
are by far the largest consumers of energy in the average hotel and there is great
potential for energy savings from this activity. Given the service nature of the
TAI and the international construct of thermal comfort, the possibility of indi-
rectly enlisting the cooperation of guests without compromising their comfort is
yet to be explored. This study hence contributes to the literature on the impact
of non-price interventions on hotel guests’sustainability compliance behaviour
and further by applying it to a sphere of initiatives that directly affect guests’
comfort, and by using IT tools.
Inputs: Two different message cards were placed in hotel rooms asking

guests (who were unaware that they were in an experiment) not to turn the
room air conditioning temperature above a certain level. The effectiveness of
two different message types was tested here. The first message contained a
descriptive social norm: “the majority of hotel guests find 200C to be a com-
fortable room thermostat setting in this climate and season”while the second
message contained the industry standard appeal to help save the environment:
“please help save the environment by setting your room thermostat to 200C”.
To ensure that the guests saw the message, the messages were placed next to

the temperature setting dial in the rooms. The dial is located next to the keycard
system where guests need to insert their key cards to activate the electricity

1This program was developed alongside a city hotel in Cape Town, South Africa, and
approved for implementation by the hotel’s management and one of the author’s institutional
Research Ethics Committee.
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supply in the rooms. Figure 1 is an example of the placement of the treatment
message relative to the temperature dial and key card system.
Observable behaviour: To circumvent the challenge of observing guests’

behaviour while they are in the rooms, non-invasive information technology was
used to observe hotel guests’ responses to behavioural prompts. The behav-
iour of interest was the observed room temperature in each room. This was
monitored by TDLs placed in each room.
Expected output: Guests read the messages placed in rooms.
Hypothesised intermediary outcome: Guests comply with the pre-

scribed temperature level, with the level of compliance expected to vary with
administered treatment. The level of compliance would be expected to vary both
by the average temperature reading recorded by the temperature logging device,
as well as by the standard errors. A high compliance rate will be evidenced by
temperature recordings that are close to the prescribed 200C.
Hypothesised Primary outcome: Guests modify their behaviour to con-

serve energy. The rate of compliance in terms of behaviour modification is ex-
pected to vary with the type of message placed in the rooms. Based on the
theoretical background and evidence from the towel reuse studies in the litera-
ture, it is hypothesised that the guests who get the descriptive social normative
message will be more likely to conform with the prescribed thermostat setting
than guests who get the environmental appeal message.

3.3 Experimental method

To implement the program detailed above, an RCT was carried out in line with
the method employed in the pioneering towel reuse program (see Goldstein et
al., 2008; Schultz et al., 2008). In the RCT method, a given population of
interest is randomly assigned to different groups (one or multiple treatment
group(s), and typically one control group). A given intervention program is
then assigned to those in the treatment group with the control group capturing
the necessary counterfactual state of the treatment group to enable estimation of
causal effects of treatment/intervention (Glennerster & Takavarasha, 2013). For
this experiment, the design in Figure 1 was used to evaluate the effectiveness of
message framing in inducing behavioural change in hotel guests. Interventions
were administered and evaluated within the RCT framework. The details are
as follows:
Unit of randomisation: The target of the intervention was hotel guests,

while the unit of randomisation was the hotel rooms. The unit of analysis
was the room temperature at a given time in the hotel. Controlling for con-
founding factors like outdoor temperature, room location and floor level, the
set-temperature was observed for compliance.
Data and sample size: This was generated by the inflow and outflow

of guests in the hotel. Given the RCT methodology, the sample size was pre-
determined by the program design and arrived at through power-calculations
(Glennerster & Takavarasha, 2013). The basic program design in Figure 2
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indicates that there are to be three groups: two treatment groups and one
control group.
Required sample size and power calculations: When randomisation

is done at the cluster level with outcomes of interest at the individual level,
as is the case with this study where randomisation was done at the room level
and outcomes observed at the guest level, Glennerster and Takavarasha (2013)
stipulate that power calculations to determine sample size need to factor in
the intra-cluster correlation. However, because it was diffi cult to determine a
priori what the inter-cluster correlation of individuals staying in each room will
be, power calculations were done at the individual level, and the challenge of
clustering is handled during analysis.
A once-off pilot observation was carried out on random rooms in the hotel,

and the temperature dial setting in each room was observed and recorded2 . Most
guests were found to set the room thermostat between the 15 and 30 degrees
marker (where 5 is the minimum and 30 is the maximum possible dial setting).
Working with an estimated standard deviation of 3.1, and hypothesising a 1
degree decrease in the temperature in the treatment group, the standard 95%
confidence interval, and the standard statistical power level of 80%, it was esti-
mated that the experiment would require a minimum sample size of 333 guest
observations per treatment assignment group. This totals at least 999 guest
observations for all three groups combined. Splitting this figure equally across
51 hotel rooms for observation, with a proposed occupancy rate of 70% and
turnover rate of two guests per week, it was anticipated that the experiment
needed to run for a minimum of 14 weeks.
Data capturing technology: A simple TDL with the capacity to record

high accuracy real-time temperature was placed in rooms on the hotel’s premises.
Each room was fitted with the device in a convenient location and thereafter
accessed to download the data.

3.4 The dataset

Data was collected between 31st October 2016 and 22nd March 2017. The
temperature loggers were set to take the temperature readings in the rooms
every 30 minutes3 . On average there were 1 048 guests stays in the dataset, 40 of
which were repeat guests (i.e. 1 008 unique guest stays), for which temperature
readings were observed. These observations were for 384 rooms over the study
period, and guests in these rooms stayed for an average of 3.4 nights, with
one person who did not spend the entire night (i.e. 0 nights). Consequently,
in the rest of the analysis, the sample is restricted to those who stayed for at
least one night. This brings the total sample size to 1 047 guest stays. Table 1
provides a description of the demographic characteristics of individuals for which

2Note that TDLs were not used to observe behaviour at this pilot phase.
3For the purpose of data analysis, only readings between 6pm and 10am, when guests were

expected to be their rooms, were included in the data analysis.
4The loss of temperature loggers in 14 of the 51 rooms allocated for the experiment brought

the number of rooms down to 38 (see section on attrition for implication of this).

15



information is available, by treatment assignment. For the gender variable, the
category ‘other’refers to rooms which had two females or two males in the room.
To verify for the balance in the distribution of these characteristics across the
three experimental groups, the effect of attrition needs to be evaluated first.
Attrition in the dataset:
There was some attrition in the dataset due to the temperature loggers being

removed from the rooms and never found. In all, the loggers were recovered
from 38 of the 51 rooms assigned for the experiment. The ratio of missing to
non-missing loggers was 4:17 for the control group and the descriptive norm
group and 5:17 for the environmental group. These ratios suggest that attrition
across the groups was random, and hence would not compromise the integrity
of the results. To verify this, Figure 3 below presents the histogram plot of
the temperature readings for each group, with the kernel and normal density
distribution superimposed on them.
The kernel density curves show that except for the variations in the mean

values (which is expected) all three curves have a somewhat similar distribu-
tion, with the exception of the control group where the tails are fatter (also as
expected).
To further ensure that the attrition was not ‘differential’and hence did not

compromise the random assignment to the treatment groups, the data was tested
for systematic differences among the three groups, based on the key variables
that could affect the room temperature readings, hence biasing the effect of the
random group allocation (Glennerster & Takavarasha, 2013: 350). Systematic
differences in gender distribution, bed night stays, number of occupants, whether
the guests paid or not, and if HVAC repairs were carried out in the room on
a given day, are tested for by running a regression of treatment assignment on
these characteristics to evaluate if any significant differences occurred in these
characteristics across the three groups. Given that the dependent variable in this
regression (treatment assignment) is a nominal categorical variable with three
un-ordered categories, using a multinomial logit model for the regressions, as
opposed to an ordinary least square (OLS) regression is appropriate (Cameron
& Trivedi, 2005). In each regression, the constant term is suppressed to allow
for direct comparison of the two treatment groups to the control group. The
results of this regression are presented in Table 2.
All variables (except the male gender in the environmental appeal group)

return insignificant coeffi cients, indicating that holding all else constant, they
are not significant in predicting the treatment assignments. This implies that
the attrition was random and not differential, and that, on these characteristics,
there are no systematic differences among the three groups. Observed differences
in the outcome variable (temperature setting in the rooms) can hence be ascribed
to the intervention (Glennerster & Takavarasha, 2013).

3.4.1 Preliminary analysis

In the design of the experiment, the hypothesis was that one would expect the
highest compliance rate in the Descriptive Norm (DN) group, followed by the
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Environmental Appeal (EA) group, with the control group having the lowest
compliance rate. Given the continuous nature of the temperature data (accurate
to two decimal places) as opposed to the categorical nature of the towel-reuse
studies (reuse or not reuse), for analysis, the observed temperature means rela-
tive to the prescribed temperature level, and the standard deviations in all three
groups are evaluated to assess compliance. The expectation is that these mea-
sures will be lowest in the social norm group and highest in the control group.
Deviations from the prescribed temperature are also expected to be lower in
the treatment groups than in the control group. The readings reported are re-
stricted to those observed between 6pm and 10am of the following day so as
to capture the thermostat settings when the guests were actually in the rooms.
Table 3 presents the average temperature readings across all three groups over
the duration of observation.
These simple mean comparison analyses suggest that the differences in tem-

perature readings across the different groups are statistically significant and that
the DN group sets its average temperature about 0.15 Celsius higher than the
EA group.
These simple statistical analysis, however, do not take into consideration the

unique characteristics of the data. The data is an unbalanced panel with varying
start and end dates per individual observation. Consequently, other factors,
like the outdoor climatic condition on each day, the room characteristics, and
occupants’characteristics come to play in influencing the observed temperature
readings. The true Average Treatment Effect (ATE) would hence be better
estimated if these characteristics were controlled for. To do this, econometric
modelling is employed as detailed in the following section.

3.4.2 Econometric framework

To estimate the ATE, both a cross-sectional linear model and a linear panel
model were applied to the data. The cross-sectional model provides a snapshot
of the treatment effect for all individuals on their first day of stay, while the
panel regression takes into account information from extended stays, and hence
provides more statistically robust estimates (Asteriou & Hall, 2011). In the
analysis, two dependent variables are utilised: the first dependent variable is
the temperature in degrees Celsius, as captured every 30 minutes by the TDLs,
and the second is the average of these temperatures per day. In both dependent
variables, the data is restricted to observations that were recorded between 6pm
and 10am the following day5 . This is motivated by the objective of the study
which is to observe the behaviour of guests when they are in the room. It is
hence hypothesised that most guests will be in their rooms within this time
period. Given the high frequency and continuous nature of the temperature
variable, the cross-sectional model is utilised with the second dependent variable
(i.e. temperature averages), while both dependent variables are utilised in the
panel model. To allow for easier interpretation of the coeffi cients (as percentage

5 In this hotel, check-in time is 12pm and check-out is 10am.
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deviations from the base group), both dependent variables are logarithmically
transformed in all regression specifications.
In this experiment, randomisation was at the room (group) level, and not

at the individual level, but analysis is carried out at the individual level as the
outcome of interest (temperature readings) is at the individual level. Glenner-
ster and Takavarasha argue that when estimating the treatment effects with
group-level randomisation and individual-level outcomes, to avoid overestimat-
ing the magnitude of the standard errors, it is important to “correct for the fact
that randomisation was at the group level [as]. . . outcomes tend to be correlated
within groups”(2013: 356—357). To correct for group level randomisation, they
suggest that the inter-group correlation amongst individuals be controlled for
by clustering the standard errors by the randomisation groups, instead of using
the individual standard errors. Consequently, in all regressions, the standard
errors are clustered by room number.
For the cross-sectional model, regressions with the following specifications

are run:

ln (AverageRoomTemperature)i=β1 (TREAT)i (1)

+β8−j (Roomnumber dummy variables)j+vj+εi,j∗

ln (AverageRoomTemperature)i (2)

= β1 (TREAT)+β2−4 (ClimateVariables)

+β5−7 (OccupantsCharacteristics)i
+β8−j (Roomnumber dummy variables)j+vj+εi,j∗

As stated in section 6.4.4, due to the continuous nature of the temperature
variable, the average temperature is used as the dependent variable for both
cross-sectional regressions. In Equation 1, the impact of treatment assignment
is evaluated, controlling for the room level assignment, while Equation 2 con-
trols for climatic variables and occupants’characteristics. In both equations,
the variable ‘TREAT’ is categorical and takes the value of 1 for the control
group, 2 for the Environmental Appeal group, and 2 for the Descriptive Norm
group; the variable ‘Room number dummy variables’ controls for individual
room characteristics given that randomisation was at the room level; the error
term ‘v’accounts for the group level errors; and the error term ‘ε’accounts for
the individual level errors by their groups (Glennerster & Takavarasha, 2013).
Equation 1 estimates the ATE and does not control for any exogenous variables
that might influence the temperature setting by the guests. Equation 2 adds
controls for daily climatic factors (maximum and minimum temperature in de-
grees Celsius, rainfall in millimetres, and humidity in percentage); occupants’
characteristics (number of occupants, the duration of their stay, and the gender
of the occupants) and whether or not on a given day there were repairs to the
HVAC system in the room.
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For the panel model, as stated earlier, two dependent variables are used.
Fixed Effects (FE) regressions (controlling for individual, room, month, and
day fixed effect) of the form below are run:

ln (AverageRoomTemperature)i,t=β1 (TREAT)i,t+β8 (Individual FE) (3)

+β9 (RoomFE)+β10 (Month,DayFE)+vj,t+εi,j∗,t

ln (AverageRoomTemperature)i,t=β1 (TREAT)i,t (4)

+β2−4 (ClimaticVariables)t+β5−7 (OccupantsCharacteristics)i,t

+β8 (Individual FE)+β9 (RoomFE)+β10 (Month,DayFE)+vj,t+εi,j∗,t

ln (RoomTemperature)i,t=β1 (TREAT)i,t (5)

+β8 (Individual FE)+β9 (RoomFE)+β10 (Month,DayFE)+vj,t+εi,j∗,t

ln (RoomTemperature)i,t=β1 (TREAT)i,t (6)

+β2−4 (ClimaticVariables)t+β5−7 (OccupantsCharacteristics)i,t

+β8 (Individual FE)+β9 (RoomFE)+β10 (Month,DayFE)+vj,t+εi,j∗,t

In Equations 5 and 6, the dependent variable is the room temperature
recorded every 30 minutes, while the average temperature is used in Equa-
tions 3 and 4. Except for the time dimension and fixed effects characteristics
controlled for in these panel specifications, the control variables in Equations
3 and 5 are similar to those in the cross-sectional Equation 1, while those in 4
and 6 are similar to Equation 2.

3.4.3 Econometric results

The results of running the various regression specifications are presented in
Tables 5. and 6 The first hypothesis tested, based on the theoretical postula-
tion that thermal comfort is socially constructed, was consistent with previous
studies on hotel guests’ conservation behaviour: that the social norm group
will deviate less from the prescribed temperature than the environmental norm
group. Columns 1 to 6 in Table 5 display the results of running Equations 1
to 6 above, respectively, while columns 7 to 12 in Table 6 display the results of
running Equations 1 to 6 but with the dependent variable in its original form
and not logarithmically transformed. All results are interpreted ceteris paribus
(i.e. holding all other variables constant).
Results of the cross-sectional regressions in columns 1 and 2 indicate that, as

expected, the difference between the temperature setting in the EA group and

19



the control group, and the DN group and the control group are both negative
and statistically significant from zero. These results imply that both the DN
and EA groups set their room temperature lower than that of the control group,
and this is significant at the 99% level. The EA group has a temperature setting
that is between 1.0% and 1.2% lower than that of the control, while the DN
group’s temperature setting is between 7.1% and 7.9% lower than that of the
control. These results are consistent with the hypothesis tested in this study,
with the DN message being more effective in reducing the temperature settings
of the hotel guests. The constant term in columns 7 and 8 (untransformed
dependent variable of columns 1 and 2) indicates that the temperature setting
in the control group is between 22 and 230 Celsius, implying that the EA group
set their temperature between 0.2 to 0.4 degrees lower than their control group
counterparts, while the DN group set their room temperature between 1.5 to
1.8 degrees lower than the control group. Given that the average temperature
setting in the control group is higher than the prescribed 200 Celsius, settings
lower than the average are desirable.
The panel model results in columns 3 to 6, however, tell a somewhat different

story. These results indicate that the difference between the temperature set-
ting in the EA group and that in the control group is not significantly different
from zero. This thus implies that the EA message had no impact on the behav-
iour of the hotel guests in the study. The difference between the temperature
setting in the DN group and that in the control group is, however, negative and
significantly different from zero.
For Equations 3 and 5, this difference is significant at the 99% confidence

interval, and at the 90% and 95% confidence interval for Equations 4 and 6,
respectively. Interpreting the results for columns 3 to 6, the DN group’s temper-
ature setting is between 7.6% and 15.0% lower than that of the control group.
The constant term in columns 9 to 12 (untransformed dependent variable of
columns 3 to 6) indicates that the temperature setting in the control group is
between 22 and 230 Celsius, implying that the DN group set their temperature
between 1.2 to 3.1 degrees lower than their control group counterparts.
In interpreting the results for other control variables using the panel model

(columns 3 to 6, and 8 to 12), it can be seen that in all regression specifica-
tions, the temperature, rainfall and humidity levels significantly affect the room
temperature reading, where the coeffi cients are positive for temperature and
humidity, and negative for rainfall. Also, the gender of the room occupants,
the number of occupants, and the number of bed nights they spend, as well
as whether they are paying guests or not, are significant determinants of the
room temperature settings. Females set their temperature to levels significantly
higher than other gender categories. In descending order of temperature set-
tings, Females are followed by the Male category, then the Male and Female
category, and finally, the Other category. The temperature setting in rooms
with two occupants is about 3.5% higher than in rooms with only one occupant;
longer-staying guests tend to set their room temperature level less than 0.01%
higher; and paying guests set their room temperature levels between 3.1% and
8.4% higher than non-paying guests. Whether or not repairs were carried out
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on the HVAC systems in the rooms was insignificant in determining the room
temperature settings. The implications of these results are discussed in the fol-
lowing section. Interaction terms were constructed to evaluate the impact of
treatment assignment and these characteristics on room temperature settings.
The results (not reported here) indicate that being assigned to a treatment

group (i.e. not control group) and having these characteristics does not sig-
nificantly affect the room temperature settings, suggesting that the treatment
effect does not vary with individual demographics.

4 DISCUSSIONANDPOLICY IMPLICATIONS

Focusing on the results of the panel models as these are more robust, the fol-
lowing findings can be drawn as they relate to this study:

1. Descriptive Norms are highly effective in influencing room temperature
levels, while Environmental Appeals are not. This corroborates the argu-
ment by Elizabeth Shove that thermal comfort is socially constructed as
it can be significantly modified by social normative prompts/nudges.

2. Outdoor climatic factors are very significant determinants of HVAC setting
and use by individual guests in hotels.

3. Compared to Males, Females tend to prefer higher room temperature set-
tings.

4. An additional occupant significantly affects the desirable temperature set-
ting in the room.

5. Whether a guest is paying for their stay or not significantly affects their
choice of room temperature setting.

6. The temperature setting by guests is fairly constant throughout the du-
ration of their stay, increasing significantly by less than 0.01% (about
0.020Celsius).

Given the theoretical lens from which this study is advanced, findings indi-
cate that the optimistic argument of Elizabeth Shove and others that the future
of thermal comfort can be influenced towards more sustainable levels is sup-
ported by this field experiment. This finding has implications for policy beyond
the hospitality industry, extending to building design and construction across
all industries and sectors of human activity. These findings suggest that, at the
most optimistic, the design and construction of buildings can be gently nudged
toward incorporating more natural ventilation and less artificial HVAC systems.
This will imply massive savings in the consumption of energy resources, as well
as the reduction in GHG emission. At the more conservative level, the findings
indicate that building managers can, directly and indirectly, regulate the HVAC
settings in buildings towards more energy effi cient levels by using soft appeals
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to socio-cultural normative values. It also suggests that, as demonstrated in
previous studies, social normative prompts will be more effective in stimulating
pro-environmental behaviour as opposed to the standard environmental appeals
often adopted. The need for factoring in the outdoor climatic conditions at the
point of building design and construction is further highlighted.
For the hospitality industry, these findings are also very promising. They em-

phasise that consistent with the findings of Goldstein et al. (2008) and Schultz
et al. (2008), ideals of thermal comfort and linen reuse are socially constructed,
and with social normative prompts, they can be modified towards more sus-
tainable resource consumption levels. While these two activities only fit, al-
beit somewhat loosely, into Shove’s (2003a) Cs of Comfort and Cleanliness, it
can be argued that future experiments will be able to demonstrate that many
other activities within these Cs, including the C of Convenience, are socially
constructed, and can hence be socially modified. The dynamics of interaction
leading to this modification are, however, outside the scope of this study, but
the field experiment carried out in this study can be modified and extended to
other resource consuming activities such as showering. The findings also inform
TAE operators that although their paying guests are more likely to set their
room temperature higher than the prescribed effi cient level, the effect of Social
Normative messaging is still very strong.
The design of the study was such that feedback could be gathered from

guests on their perceived thermal comfort levels. Initially, this was to be done
via means of an emailed questionnaire after the guests had checked out. The
hotel’s management was however concerned about being a bother to the guests.
Consequently, to ascertain that the program did not inconvenience guests, two
random visits were made to randomly selected rooms at different times during
the experiment. These checks were to ensure that the loggers were still captur-
ing data. After attrition was observed, two more random visits were made to
all rooms where the loggers were not missing, so as to download captured data
as at that point. Between these four visits guests who were in their rooms and
willing to talk to the researcher were informed that the visit was to monitor the
performance of the HVAC system in the room but were not informed that they
were participating in an experiment. Cooperative guests were also asked if they
found their room temperature to be comfortable, regardless of whether it was
a treatment or control room. Except for rooms that had faulty air conditioners
and subsequently had to undergo repairs, all the guests reported that they were
fine with whatever they had set their room temperature to. Although question-
naire responses would have provided more robust evidence of the non-comfort
encroaching characteristic of this experiment, the word of mouth approach still
provides some evidence, and questionnaires can be employed, if feasible, in fu-
ture studies.
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5 CONCLUSIONANDRECOMMENDATIONS
FOR FURTHER STUDIES

This paper set out to proffer a solution to one of challenges faced by TAE op-
erators with regard to Environmental Sustainability and Resource Management
—the service nature of the industry, combined with tackling the largest energy
driver in these establishments —HVAC. In the literature, the service nature of
the industry has been identified as one of the key barriers to ES adoption in the
TAI. This barrier highlights the challenge faced by TAE managers in balancing
the need to be sustainable with their objective of providing comfort for their
guests. To address this challenge, a solution based on the argument put for-
ward by Shove (2003b,c, 2014) and Chappells and Shove (2005) that comfort is
largely socially constructed, is proposed. The proposed solution in this paper is
targeted at reducing energy consumption in these TAEs, but with possibilities
for expansion to water saving initiatives as well.
In designing this solution, the findings from the literature which indicated

that HVAC is one of the biggest energy drivers in TAEs, is incorporated. Man-
agers of TAEs in South Africa are however challenged with addressing this driver
as it often requires building retrofits or the purchase of new technology, both of
which are expensive. This challenge is more severe in smaller TAEs who strug-
gle with funding and those in older buildings which require extensive retrofits.
This study hence proposed the use of social normative prompts/nudges, a tool of
behavioural economics, to modify behaviours associated with HVAC usage, and
consequently reduce energy consumption from HVAC systems. The advantages
of such behavioural intervention are that the implementation cost is much lower
than that of alternative solutions and the potential payback period is short.
This implies that small TAEs, as well as those operating in older buildings, can
easily implement this intervention to achieve consumption reduction.
This study adopted the framework of Shove and her colleagues, where she

argues that thermal comfort is socially constructed, and tests the effectiveness
of social norms in modifying hotel guests’room temperature setting behaviour.
A field experiment, akin to that carried out by Goldstein et al. (2008) and
Schultz et al. (2008) was carried out in a hotel in Cape Town, South Africa.
Consistent with the theoretical framework adopted, the study provides evidence
for the effectiveness of social normative prompts in influencing hotel guests’
room temperature settings, indicating that thermal comfort is to a large extent
socially constructed. The implication of this is that the future of the current
unsustainable trend in resource consumption and GHG pollution, driven by
the increasing adoption of, and demand for, HVAC systems in buildings, can
be modified towards more sustainable levels. The implications for the TAI,
building design and construction across industries and sectors are discussed.
The contribution of this study to the existing body of knowledge is hence

twofold: 1) it verifies the extent to which thermal comfort is socially constructed
by providing evidence of the effectiveness of previously tested descriptive social
norms in modifying hotel guests’environmental behaviour; and 2) it contributes
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to the findings of previous studies on the effects of social norms on individual
private behaviour, such as hotel guests’towel reuse behaviour, and demonstrates
that these findings extend to guests’room temperature setting behaviour. These
contributions help better understand the preferences of hotel guests and provide
useful insights for the design of sustainability-centred intervention programs that
affect hotel guests’comfort levels.
Furthermore, the learnings from this intervention program are applicable to

foster behavioural modification for consumption reduction, not only for other
energy drivers but also for water drivers in TAEs. The learnings from this in-
tervention, therefore, assist in designing sustainability-driven intervention pro-
grams to modify other comfort-related guest behaviour, such as time spent in
the shower, turning off lights not in use while in the room etc. The findings are
relevant to TAEs in South Africa, as well as other developing countries where
resource management is a challenge, and the growth of their tourism industry
cannot be compromised.
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Table 1: Demographic characteristics by treatment assignment 

  
Control Group Environmental 

Appeal (EA) 

Descriptive Norm 

(DN) 

Total 

 
N % N % N % N % 

Gender         

 Female 75 7.16 63 6.02 71 6.78 209 19.96  

 Male 231 22.06 155 14.80 158 15.09 544 51.96  

 Male & Female 104 9.93 81 7.74 88 8.40 273 26.07  

 Other 10 0.96 6 0.57 5 0.48 21 2.01  

 Total 420 40.11 305 29.13 322 30.75 1,047 100.00  

Payment 
        

 Non-paying 99 9.46 66 6.30 75 7.16 240 22.92  

 Paying 321 30.66 239 22.83 247 23.59 807 77.08  

 Total 420 40.11 305 29.13 322 30.75 1,047 100.00  

No of Occupants  
       

 1 301 28.75 212 20.25 229 21.87 742 70.87  

 2 119 11.37 93 8.88 93 8.88 305 29.13  

 Total 420 40.11 305 29.13 322 30.75 1,047 100.00  

Bed nights 
        

 0 1 0.10 0 0.00 0 0.00 1 0.10  

 1 110 10.51 74 7.07 64 6.11 248 23.69  

 2 115 10.98 85 8.12 83 7.93 283 27.03  

 3 60 5.73 50 4.78 60 5.73 170 16.24  

 4 48 4.58 34 3.25 45 4.30 127 12.13  

 5 34 3.25 19 1.81 21 2.01 74 7.07  

 6 18 1.72 16 1.53 15 1.43 49 4.68  

 7 9 0.86 10 0.96 7 0.67 26 2.48  

 8 3 0.29 5 0.48 7 0.67 15 1.43  

 9 5 0.48 4 0.38 3 0.29 12 1.15  

 10 3 0.29 3 0.29 6 0.57 12 1.15  

 11 2 0.19 1 0.10 1 0.10 4 0.38  

 12 0 0.00 1 0.10 0 0.00 1 0.10  

 13 3 0.29 0 0.00 3 0.29 6 0.57  

 14 3 0.29 0 0.00 3 0.29 6 0.57  

 15 1 0.10 0 0.00 2 0.19 3 0.29  

 16 1 0.10 0 0.00 0 0.00 1 0.10  

 20 1 0.10 1 0.10 0 0.00 2 0.19  

 21 1 0.10 0 0.00 0 0.00 1 0.10  

 28 0 0.00 0 0.00 1 0.10 1 0.10  

 29 1 0.10 0 0.00 1 0.10 2 0.19  

 35 1 0.10 0 0.00 0 0.00 1 0.10  

 43 0 0.00 1 0.10 0 0.00 1 0.10  

 55 0 0.00 1 0.10 0 0.00 1 0.10  

 Total 420 40.11 305 29.13 322 30.75 1,047 100.00  
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Table 2: Multinomial logit regression of occupants’ characteristics on treatment outcome 

 

VARIABLES Control Group 

(reference category) 

Environmental Appeal Descriptive Norm 

Gender    

 Female   -0.386 -0.0966 

  (0.306) (0.298) 

 Male  -0.610** -0.417 

  (0.272) (0.266) 

 Male and Female  -0.509 -0.226 

  (0.350) (0.343) 

 Other  -0.742 -0.745 

  (0.593) (0.618) 

Paying guest or not?    

 Yes  0.100 -0.00671 

  (0.183) (0.177) 

 No  (Omitted)  

AC repairs done during stay?    

 Yes  1.484 0.297 

  (1.160) (1.419) 

 No  (Omitted)  

No of Occupants  0.0922 -0.00937 

  (0.175) (0.174) 

Bed nights  0.00568 0.0175 

  (0.0221) (0.0204) 

Observations 1,047 1,047 1,047 

Standard errors in parentheses, no intercept in model 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 

 

Table 3: Summary of temperature readings by treatment assignment 

 

 Summary of Readings (°C) 

Group Mean Std. Dev. Robust Std. 

Error 

Min  Max Frequency 

Control Group 22.84 1.62 0.07 18.00 32.20 40,390 

Environmental Appeal 22.74 1.56 0.08 17.30 32.70 31,126 

Descriptive Norm 22.79 1.63 0.09 15.60 32.40 33,833 

Total 22.80 1.61 0.05 15.60 32.70 105,349 
Note: Table reflects figures for the data restricted to the 6pm to 10am time period; Reported means clustered by 

individual stay. 
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Table 4: Pairwise comparison of mean temperature readings between groups 

 

 Contrast Std. Err. 
Unadjusted 

t-stat 

Unadjusted 

P>|t| 

Environmental Appeal vs Control -0.18 0.01 -19.69 0.00 

Descriptive Norm vs 1. Control -0.03 0.01 -3.89 0.00 

Descriptive Norm vs Environmental Appeal 0.15 0.01 15.29 0.00 

Note: The contrast value is the difference between the unadjusted group mean temperature for each group, 

for the data not restricted to the 6pm to 10am time period. 
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Table Error! No text of specified style in document..5: Econometric Estimation of Treatment Effect (part A) 

 
 Log(Average Temperature Readings) Log(Actual Temperature Readings) 

 1 2 3 4 5 6 

 Equation 1 Equation 2 Equation 3 Equation 4 Equation 5 Equation 6 

Treatment Assignment       

 Control    (omitted)    

 Environmental Appeal -0.01697*** -0.00950*** 0.01403 0.01679 0.01499 0.01736 
 (0.00000) (0.00264) (0.02646) (0.05350) (0.02220) (0.04472) 

 Descriptive Norm -0.07907*** -0.07094*** -0.14891*** -0.07609* -0.14976*** -0.07803** 

 (0.00000) (0.00387) (0.02670) (0.04051) (0.02226) (0.03417) 
Max Temp (°C)  0.00379***  0.00095***  0.00094*** 

  (0.00068)  (0.00033)  (0.00028) 
Min Temp (°C)  -0.00496***  0.00262***  0.00263*** 

  (0.00123)  (0.00090)  (0.00076) 

New Rainfall (mm)  -0.00059  -0.00065***  -0.00064*** 
  (0.00044)  (0.00024)  (0.00020) 

Humidity (%)  0.00050**  0.00052***  0.00051*** 

  (0.00020)  (0.00009)  (0.00007) 
Gender        

 Female        

 Male  -0.00637 (omitted) -0.09320***  -0.09385*** 
  (0.00477)  (0.02144)  (0.01799) 

 Male and Female  0.00033  -0.12626***  -0.12652*** 

  (0.00578)  (0.01441)  (0.01221) 
 Other  0.04973***  -0.16805***  -0.17265*** 

  (0.01402)  (0.02475)  (0.02043) 

No of Occupants       
 One      (omitted) 

 Two  -0.01008**  0.03460*  0.03441** 

  (0.00371)  (0.01988)  (0.01656) 
Bed nights  -0.00027  0.00091*  0.00092** 

  (0.00046)  (0.00051)  (0.00043) 

AC repairs done on this day?       
 No      (omitted) 

 Yes  -0.01020     

  (0.03033)     
Paying or not?       

 No   (omitted)    

 Yes    0.03191*  0.03096** 
    (0.01615)  (0.01381) 

Constant 3.13893*** 3.08158*** 3.11927*** 3.10763*** 3.11825*** 3.10765*** 

 (0.00000) (0.03609) (0.01565) (0.03549) (0.01310) (0.02999) 

Observations 1,047 1,047 3,682 3,682 124,585 124,585 

R-squared 0.15319 0.21430 0.78511 0.79320 0.60478 0.61102 

*** p<0.01, ** p<0.05, * p<0.1; Robust standard errors in parentheses; clustered by room number; single 3 occupants excluded 
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Table Error! No text of specified style in document..6: Econometric Estimation of Treatment Effect part (B) 

 
 

 Average Temperature Readings Actual Temperature Readings 

 7 8 9 10 11 12 

 Equation 1a Equation 2a Equation 3a Equation 4a Equation 5a Equation 6a 

Treatment Assignment       
 Control    (omitted)    

 Environmental Appeal -0.41044*** -0.19971*** 0.40632 0.42808 0.41153 0.43991 

 (0.00000) (0.05792) (0.61471) (1.27137) (0.51540) (1.06486) 
 Descriptive Norm -1.76377*** -1.46322*** -3.08826*** -1.21892 -3.08544*** -1.21551 

 (0.00000) (0.07809) (0.63269) (0.92341) (0.53051) (0.77664) 

Max Temp (°C)  0.08863***  0.02228***  0.02222*** 
  (0.01716)  (0.00761)  (0.00639) 

Min Temp (°C)  -0.11372***  0.05829***  0.05815*** 

  (0.03265)  (0.02106)  (0.01768) 

New Rainfall (mm)  -0.01313  -0.01542***  -0.01544*** 

  (0.01028)  (0.00547)  (0.00459) 

Humidity (%)  0.01228***  0.01176***  0.01174*** 
  (0.00441)  (0.00189)  (0.00158) 

Gender        

 Female    (omitted)    
 Male  -0.12203  -2.04425***  -2.04788*** 

  (0.10408)  (0.49802)  (0.41704) 

 Male and Female  0.03457  -2.91142***  -2.91136*** 
  (0.12814)  (0.33321)  (0.28035) 

 Other  1.29076***  -4.01319***  -4.10337*** 

  (0.35771)  (0.58387)  (0.48209) 
No of Occupants       

 One       

 Two  -0.21812**  0.91465*  0.91028** 
  (0.08257)  (0.49390)  (0.41295) 

Bed nights  -0.00624  0.02059*  0.02064** 

  (0.01024)  (0.01138)  (0.00954) 
AC repairs done on this day?       

 No   (omitted)    

 Yes  -0.24880  0.16039  0.16018 
  (0.62674)  (0.14869)  (0.12467) 

Paying or not?       

 No   (omitted)    
 Yes  0.07514  0.83941**  0.84121** 

  (0.11507)  (0.36730)  (0.31018) 

Constant 23.11853*** 21.91299*** 22.59109*** 22.27572*** 22.58707*** 22.27472*** 

 (0.00000) (0.81678) (0.36057) (0.83171) (0.30120) (0.69949) 

Observations 1,047 1,047 3,682 3,682 124,585 124,585 

R-squared 0.14795 0.19960 0.79255 0.80056  0.61751  0.62376 

*** p<0.01, ** p<0.05, * p<0.1; Robust standard errors in parentheses; clustered by room number; single 3 occupants exclud
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Figure 1: Message Placement Position 

 

 
 

 

 

 

Figure 2: Detailed program design 
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Figure 3: Temperature logger readings across the different groups 

 

 


	Thermal_Comfort_final.pdf
	Tables and Figures.pdf

