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SUMMARY 

This paper assesses the effect that the social structure of an office may have on an individual's behaviour with regards to their thermal comfort and indoor environment quality (IEQ). Combining the methodologies of Human Computer Interaction (HCI) and social sciences with indoor air research, semi-structured interviews were undertaken with 23 people from 12 naturally ventilated offices. Discussions focused on social order of their office, the way IEQ was managed in their building and to what extent poor IEQ impacted their work. The findings from this paper suggest that social norms, human interactions and a degree of separation between occupant and building control can complicate otherwise rational actions towards improving IEQ or personal thermal comfort. Some implications for indoor air research are provided, including the importance of considering these social factors and the potential for further collaborations with HCI and the social sciences.
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1 INTRODUCTION

Maintaining good indoor environment quality (IEQ) in offices is important for the satisfaction, well-being and productivity of office workers (Wyon 2004, Worgocki et al. 2014, Budaiova et al. 2015). A broad literature in the Indoor Air field is concerned with quantification of the effect of environmental variables on the health and productivity of humans. Poor IEQ characterized by low ventilation rates, high levels of CO2 and VOC’s are linked to poor cognitive performance and health symptoms (Wyon 2004). Thermal comfort- defined as satisfaction with the thermal environment- also represents an important element of IEQ and building use. The ability for a building to achieving adequate thermal comfort for its occupants is dependent upon on the type of work performed, built environmental characteristics and people’s naturally heterogeneous preferences for thermal comfort. Surveys and user-feedback are often used to gauge thermal comfort within an office environment, or used as input into smart thermostats or predictive models (Chen et al. 2015). However such models do not account for the possibility of people consciously putting up with unsatisfactory thermal comfort on account of social factors such as office politics, or an unwillingness to ask a co-worker whether they might turn up the radiator.

Recent work explores with the ways in which social factors such as social norms or human-behavioural factors play a part in affecting indoor environment quality. A link is made between a higher degree of perceived control over indoor climate factors and job satisfaction and productivity in the office (Lee and Brand 2005, Boerstra et al. 2015). However, situations of poor IEQ may be exacerbated by occupants of naturally ventilated buildings not actively engaging with window opening or thermostat regulation.  Studies into the factors affecting ventilation in residential buildings suggest that human factors such as closing bedroom doors at night for privacy, or unintentionally obstructing trickle-ventilators lead to situations in which “real life” indoor air quality can be much poorer than that predicted by theoretical modelling in design (Howieson et al. 2013). Based on the growing understanding of the importance of social factors in IEQ, several studies have sought to leverage these factors in improving IEQ outcomes. In classrooms, teaching packages focusing on IEQ have been deployed in schools alongside situated displays of indoor CO2 levels (Geelan 2008, Wargocki et al. 2014). Both studies report a raised awareness of ventilation and ultimately better air quality outcomes in the classrooms (Geelan et al. 2008). In the workplace, Mathur et al. (2015) collected and visualised on a situated display, a number of workplace metrics (noise, air quality, colour, self-reported mood and self-reported activity) seeking to understand which of these metrics employees found useful and enjoyed having access to. 

Yet while many of these social factors around IEQ are beginning to be understood, what is absent from this conversation to date, is the influence of social interactions on IEQ. For example how negotiations are carried out around IEQ variables in naturally ventilated offices. How office politics, rank, or office hierarchy may affect one’s perceived capacity for adjusting or expressing distaste with IEQ conditions. This paper represents an initial step towards exploring what kinds of problems and relationships in the office can be explored in this context and what the impact of these social interactions may be upon office IEQ. The argument is made that these social factors are important determinants of air quality in buildings, potentially affecting well-being and productivity and are therefore deserving of a greater consideration in the field of Indoor Air. The aim of this paper is two-fold:

(1) Primary aim: to identify the way in which social norms and human interactions can complicate otherwise rational actions towards improving IEQ or personal thermal comfort. 
(2) Secondary aim: to identify opportunities for better integrating the more human-centered methods of the field of Human Computer Interaction (HCI) with the existing quantitative, chemical and built-environment expertise of the field of Indoor Air.
2 METHODS

The methodology described here is identical to that of a related paper (Snow et al. [in press]), employing methods from Human Computer Interaction and (HCI) and the social sciences. Semi-structured interviews were conducted with 23 occupants of 10 separate naturally ventilated offices in the south of England. The sample was comprised of 12 females and 11 males. Ages ranged between 20 and 41 (mean: 28.6, StDev: 5.2) and all but six participants were British citizens from birth. Sampling included cold-calling and emailing companies engaged in knowledge work in the local area with an invitation for interested employees to participate in an interview. Table 1 provides more information about the participants, who are identified by the ID (P1, P2 etc) and the offices they worked in.
Table 1: Participant and office information
	Office ID
	Participants and occupation
	Number of people in office
	Office type
	Ventilation

	A
	P1- Research Fellow
	3
	Small brick office, one window at the far end, two radiators 
	Natural ventilation

	B
	P2, P5, P15- post-doctoral fellows and one PhD student (P15)
	~42
	Large open plan office in university #1
	Natural ventilation assisted by vents in the roof. Vents and heating are controlled by building management only. 

	C
	P3- Hardware engineer
	9
	Converted farm house, occupied by a private hardware engineering firm
	Natural ventilation

	D
	P4- PhD student
	3
	Same building but different room to P1
	Natural ventilation

	E
	P6, P7, P8- employees of an architecture firm
	~25
	Large open plan office occupied by a private architecture firm
	Natural ventilation

	F
	P9- Graduate Tax accountant
	13
	Large open plan office in a multi-story building occupied by a private accountancy firm
	Ducted heating and air conditioning. Problems with air conditioning rendered it naturally ventilated at the time

	G
	P10, P11- Tax accountants
	6
	Medium sized office in a multi-story building, occupied by employees of a corporate tax firm
	Natural ventilation

	H
	P12, P13- Corporate tax advisors
	~13
	Large open plan office: Same building, same company, but different office to P9
	Ducted heating and air conditioning. Problems with  air conditioning rendered it naturally ventilated

	I
	P14- University lecturer & accountant
	4
	Small office in university #2
	Natural ventilation

	J
	P16, P18, P21- PhD students
	9
	Large open plan office in university #3
	Natural ventilation

	K-M
	P17, P19, P20, P22, P23- PhD students
	5
	Three separate but similar sized small brick offices spread across two research building at university #3
	Natural ventilation


Process

Interviews lasted approximately 30 minutes and began with exploring the participants’ self-reported determinants of productivity and creativity. Discussions were then directed towards the social interactions and hierarchy in each participant’s office, the different ways that IEQ factors were managed in the offices and to what extent these factors impacted on their work (if at all). Where possible, the interviews were conducted proximate to the participants’ offices. Photographs were taken of the participants’ desks, the location of the nearest window(s) and wider shots taken for context. All interviews were audio recorded and transcribed verbatim. According to qualitative tradition (Braun and Clarke 2006), a process of iterative thematic analysis was used where transcripts were read and re-read, with quotes from the transcripts arranged into emergent categories and themes. On the second iteration of analysis, the themes were discussed among the whole research team and further refined. 
3 FINDINGS
The findings are summarised under the themes of (1) Rituals and hierarchies (2) Social factors affecting air quality and (3) A degree of separation.  
Rituals and hierarchies
The participants were asked how factors affecting IEQ such as window opening and heating adjustment were negotiated and adjusted in their offices. In most cases, the interview responses suggested the person seated closest to a window tended to take ownership of that window at the times they were present in the office. This ownership involved opening or closing the window according to their preferences, often gathering a consensus from the remainder of the office, and responding to requests from other office members to open or close the window. If the person seated next to a window was absent, others in the office would open it if or when it was deemed necessary. In three offices it was reported that one office member in particular was more active in opening the windows; in these cases consensus was not always gathered. In Office E, a fire door at the end of the office was opened during the warmer months to assist in ventilation. Because of the number of people in the building (typically 20-25) and the location of the door away from the desks, consensus was also seldom gathered when opening or closing this door. This process was not a source of friction in the office and resulted in the maintenance of air flow. In general however, the processes associated with maintaining temperature and ventilation were polite, with some level of consensus gathered prior to most adjustments. 
Social factors affecting air quality
It was found that people having the ability to control aspects of their environment did not necessarily result in IEQ or thermal comfort conditions that they were happy with. All our participants had the ability to adjust certain factors of their indoor environment, for example opening windows (all participants) adjusting the thermostat of radiators (P1, P3, P4, P’s6-8, P10, P11, P14 and P’s16-21) or the adjusting the temperature of the ducted heating (P9, P12, P13). Only P2, P5 and P15 in Office B did not have control over the heating in their large office space, which was controlled by a building manager. As such, it was initially expected that people would adjust the indoor climate to mutually satisfactory IEQ, particularly given the generally polite and democratic negotiations we observed around window opening. This was not always the case.

The participants outlined a number of instances in which people did not utilise the adjustments available to them in order to improve their personal comfort if they were unhappy about it. Social norms and politeness served to circumvent the seemingly rational actions available to people towards improving their own situation. P20 considered this politeness to be a function of the stereotypical British tendency to remain polite and reserved; unwilling to make a fuss. In this case, P20 was himself seated at a desk next to a window and a radiator and adjusted these according to his personal comfort. He mentioned the possibility that others in the office were not always agreeable to these adjustments, but instead of speaking up, they would instead stay quiet: “People are a bit ‘British’ about it and kind of struggle on I think” (P20, male, Office K). This phenomena manifested itself in different ways in the different offices studied. In Office E, where P6, P7 and P8 worked, a number of colleagues would often go for a run during the lunch hour and, upon returning, open up the windows and the fire door for fresh air. Having explained her tendency to feel the cold, P7 was asked: 

Interviewer: Does that make you cold?

P7: Well, yeah it does make me cold but it's fair enough they've been for runs… I certainly wouldn't be like, "You can't open the door 'cause I'm freezing!" That wouldn't be fair. (P7, female, Office E)

As a result, P7 endured feeling cold for a portion of most days, but did not speak out or act on this discomfort out of wanting to be fair to the others in the office. 
P1 sat directly adjacent to a window and radiator with a thermostat. As in the offices of other participants, the negotiations around the radiator and the window were polite and consensus would always be obtained before making a change. Despite this, if a colleague suggested the radiator be turned up when P1 was already too warm, she would always oblige, sometimes to the point of considerable discomfort. 

“…Like if I know [colleague’s name] is freezing, and she wants to turn up the radiator, but I'm really warm, then I'll do what I can to make that better for myself, so I'll take off my cardigan or something. I usually take off my boots actually. And I'm just here in my socks, because it just helps so much. So I'll try to do those sorts of things before I voice my concerns or my anguish. But if it's unbearable, of course I'll flag it” – (P1, female, Office A) 

This hints at the likelihood of requests for adjustments to factors affecting thermal comfort being agreed to, even if the person is not particularly agreeable to the change. 

In the case of the offices sat in by P16-P23, office hierarchy seemed to play a role in adjustments to IEQ. These participants spoke of the relationship between length of tenure and desk selection. As occupants graduated or vacated, desks would be swapped around such that the next in line would move into the more desirable desks, vacating the least desirable desks for new arrivals. As a result newer arrivals were often further from windows. P19 spoke of his tendency to remain quiet about his experience of poor IEQ on account of him not wanting to disturb his co-workers who were seated next to the windows. 

“They’re often here, they’re writing up [their thesis] and are often quite stressed so you don’t want to **** them off [annoy them]… I kind of feel like it’s more disruptive to them [to ask], because I am literally the furthest person away in the corner” – (P19, male, Office J). 
A similar hierarchy was explained by P6, a manager, who spoke of the tradition of seating allocations in Office E, which he shared with P7, P8 and up to 20 others: 

“So there’s a kind of unwritten rule that people who've been here longer, possibly people who are slightly more- who have more senior roles, I think mainly it's to do with people who are more an integral part of the fabric of the office, get put closer to windows, because it's acknowledged that it's an issue” (P6, male, Office E)

This quote highlights that the occupants of Office E were aware of their building not performing as it should but felt they had limited control over it. Newer additions to this office tended not to have direct control over a radiator or a window while more established employees did. It is considered plausible that as in Offices K-M, newer additions to this office may have feel less likely to speak up about their experience of poor air quality, we do not have data for this and hope to determine this better in future work. 

A degree of separation

In the offices of a number of participants (Offices B, F, H and J, refer Table 1), the heating and/or the boilers supplying the office radiators was controlled by a third party such as a building manager or Workplace Health and Safety representative, rather than the occupants of the office. In these situations, the third party acted as somewhat of a “gate keeper” to certain IEQ parameters (Snow et al. [in press]). For example P2 in Office B spoke of needing to email Facilities Management if he felt it was particularly hot or stuffy, to request they open the large external vents in the office to aid ventilation. Similarly P12 and P13 in Office H required the permission of the Workplace Health and Safety representative for the building in order to open the windows on the occasions that the air conditioning was not working in summer. These situations were reported as problematic. Even though the third party in both occasions was described as generally willing and able to make a change if an issue was flagged, the problem was in the delay between the participants feeling sufficient discomfort to email the appropriate person and then for that person to receive the email and act on it: “By the time they get the message and somebody walks around and opens it up from their remote end, it's about an hour. Similarly, if it's too hot, it's the same procedure” (P2, male, Office B). In Office H, P12 considered the “facilities person” for the building was unlikely to take action on an issue unless a certain number of people also emailed them with the same complaint. This exacerbated the potential delay, having to wait for others to feel- and act on- a similar level of discomfort before a change was made: “[The health and safety officer] probably wouldn't take action unless there was sufficient number of people” (P12, female, Office H)

In Offices J and K-M, the occupants had control over the valves on the radiators, although the boilers supplying water to the radiators were said to be coordinated by the site management team. Despite the adjustable valves, there were times that the boilers themselves were considered by the occupants to be set too low or too high. In these situations, if the occupants came to a consensus that it was too hot or too cold, an email was required to the building manager to request an adjustment. 

“So if it's overheating or too cool or whatever, we'll send emails to the site manager... There's a sort of a lag between asking for it and getting it, I think, and that can be like a day. He doesn't check his emails. Sometimes there's issues that are out of his control anyway”- (P18, male, Office J)

This information is of course the participants’ own perceptions and has not been corroborated with any of the building management teams; nor were any specific complaints investigated. Regardless of the actual cause, however, it is still noteworthy that this time lag caused by the degree of separation was enough to cause P17 not to even bother emailing in the first place: “There's that extra barrier… So I personally wouldn't email, I would just bring extra clothes and things” (P17, male, Office K). 

This quote raises highlights how some people will sooner put up with poor IEQ rather than speak up about it to the appropriate authority. This suggests that even in the absence of any animosity towards the third party, or a distrust that their request will be granted- that the simple degree of separation and the length of time between email and action may be sufficient for people to not bother notifying the appropriate party about poor IEQ in the first place and continue to experience discomfort.

4 DISCUSSION
Cumulatively, the findings presented above show a number of situations in which social factors such as social norms, office hierarchy and a degree of separation from the solution circumvented otherwise rational actions available to workers to improve their IEQ. For instance, despite the fact the vast majority of interactions around window opening or thermostat adjustment were amicable, this did not necessarily make for mutually satisfactory IEQ outcomes for all office occupants. P7 as one typical case never objected to her colleagues opening the windows when they returned from their lunchtime run, even though this resulted in her becoming cold. P1 would grant her colleague’s request to turn up the radiator even if she was already feeling hot. P19 did not feel comfortable asking those seated next to the windows if they could open it for some fresh air because “you don’t want to **** them off”. Furthermore, situations where a third party controlled the heating introduced a degree of separation between office occupants- a gate keeper effect (Snow et al. [in press]). This degree of separation was a sufficient barrier, in some cases, to stop people requesting a change to their environment. 

A parallel can be drawn between these findings and a growing consensus in the social science literature that it is necessary to move away from the assumption that humans will behave as rational actors in group settings (Strengers 2013). Social science understands group dynamics and peoples’ everyday practices as messy, changeable and influenced by social norms and conventions (Schwartz et al. 2013, Strengers 2013). In this study we too found that group dynamics, social norms and different assumptions resulted in our participants not taking advantage of the seemingly rational possibilities available to them to improve their personal IEQ. People would sooner put up with poor IEQ or thermal comfort rather than ask a colleague to open or close a window or send an email to the building manager. Based on the assumption that workers are unlikely to be performing at their peak potential if they are feeling uncomfortable, these findings suggest the possibility that these social interactional factors as described above may potentially be causing losses to employee productivity and creativity. Further work is required here to quantify this.

As noted prior, the findings from this study are subjective and represent the opinions of our participants only. Nevertheless, from this initial study, we believe that this line of enquiry may be a valuable foundation for the design and operation of environmental control systems in any office in which the employees are themselves are in control of the IEQ parameters. That where negotiations around IEQ parameters are possible, these social interactional factors can potentially circumvent expected behaviours and are therefore deserving of more attention in research. Studies concerned with raising awareness of IEQ represent an important step towards this (e.g. Wargocki et al. 2014 and Geelan et al. 2008). In addition to the social factors raised by this paper, for example social interactions, politeness and the “gate keeper” effect, more work is also warranted into the effect of cultural factors which may also be salient. Indeed, is the tendency for our participants to keep quiet and not cause a fuss, i.e. “being a bit British” simply a function of this study’s predominantly British sample? Would the same be true of office workers in Belgium or Brazil or America? As such, our findings may not be broadly generalisable across cultural boundaries, and further studies of these issues in different countries and cultures should be welcomed. Similarly, triangulating qualitative data of this nature with environmental monitoring and operations data from building management teams would allow for a determination of whether those who reported being uncomfortable were actually experiencing conditions outside accepted norms. 
CONCLUSION
The primary aim of this paper was to identify the way in which social norms and human interactions can complicate otherwise rational actions towards improving IEQ or personal thermal comfort. In closing we wish to make good our secondary aim of identifying opportunities for better integrating of the more human-centered methods of the field of Human Computer Interaction (HCI) with the existing quantitative, chemical and built-environment expertise of the field of Indoor Air. 

To complement the extensive literature to date on the environmental and built environment determinants of IEQ and the effect of IEQ on cognitive performance, HCI offers pragmatic means of addressing the more social and interactional factors outlined in this paper. Drawing from its grounding in the social and cognitive sciences, HCI offers methodologies suitable for developing richer social and contextual understanding of peoples’ practices, actions and assumptions (Schwartz et al. 2013, Strengers 2013, Mathur et al. 2015), as has been attempted in this paper. Further, based on these understandings, HCI offers expertise in designing human-centered technology that can interrupt these social norms and build awareness of previously implicit factors. We believe that by placing the human at the center of subsequent enquiries relating to IEQ, we may better understand and design solutions for the environments in which these humans work. 
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