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1. Introduction

There is a significant need for organized energy management in buildings to reach climate, and
efficiency goals across the planet, a task industry experts are increasingly undertaking
[1]. Buildings account for over one-third of total energy consumption and are a significant
source of greenhouse gasses like carbon dioxide (CO.) [2, 3]. As a result, the building
sector is implementing progressively aggressive building codes, operation regulations,
equipment incentives, and other strategies to meet energy efficiency and greenhouse gas
reduction goals [4-7].

Throughout this paper, industry experts referred to as building operators are employed to leverage
building systems to meet these performance goals. As these goals are achieved, building
occupant behavior plays a more significant role in building performance [8-10]. This is
supported by investigations within the completed International Energy Agency (IEA), Energy
in Buildings and Communities Programme (EBC) Annex 66 “Definition and Simulation of
Occupant Behavior in Buildings” [11] and the ongoing Annex 79 “Occupant-Centric
Building Design and Operation” [12]. Occupant-centric design and operation goes
beyond building performance metrics to value occupant health, comfort, and productivity [13,
14]. Therefore, the role of building operators has been expanded to incorporate occupant
needs to reduce the negative impact occupant behavior has on building performance when
their needs are not met. The relationship operators have with their building’s occupants, and
that relationship’s impact on an operators’ ability to successfully fulfill their role is the focus of
this research.

Building operators are uniquely positioned to improve the building performance occupant
experience simultaneously [15]. In part, this is because when occupants can
communicate comfort and environmental needs to their building operators, they are far more likely
to be satisfied with their building conditions [16]. Furthermore, when occupants are more
pleased with their environment energy savings tend to follow [17, 18]. Since communication is a
pillar of successful relations, we can infer that satisfied occupants are a result of an effective
occupant and operator relationship, which also benefits building performance [19, 20]. This
paper presents findings of a large-scale international study of 72 building operator interviews
across seven countries and five climate zones to understand building operators' perspectives
better. This research aims to understand operators’ role in the buildings they manage and
how communication with occupants affects their building operation. Many researchers do not
recognize these human sociological and psychological aspects of building use and design.
Education and trust are paramount in the occupant and operator relationship.

Findings point to a disconnection between operators and occupants and suggest how these
relationships can be improved through better communication channels, better feedback, and the
education of both operator and occupant. The value of this research is in its qualitative approach
[21], which is used to understand the complicated relationship between operators and occupants
more holistically.
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2. Background

2.1 Occupants and Operators in Buildings

Occupants are individuals who experience indoor environments at varying degrees of frequency.
Some occupants are in a building to work, live full time, or intermittently visit and typically do not
hold a stake in the management or performance of a building (aside from their own home). Thus,
the average occupant may not have the best understanding of how their comfort affects a building
system [22], what to do when they are uncomfortable [20, 23, 24], or why an issue is happening
[25, 26]. Occupants typically have a limited understanding of building systems, how they work,
and how they deliver comfort services to the spaces they work or live in, especially without
occupant training or education [25]. Additionally, occupants are often removed from interacting
with building controls, decreasing their tolerance for discomfort and increasing their frustrations
with lack of control [27].

Operators manage the balance between occupant comfort and the performance of the building,
including, but not limited to, the safety, performance, optimization, and maintenance of the
building’s equipment. What operators are expected (or not) to do varies by title, training, and
building sector [28]. The notion that operators formerly acted as stewards of their building and
actively responded to the needs of their occupants has become antiquated, as energy efficiency
and performance measures have taken over [29]. The nature of work for an operator has become
a business-focused occupation, where budgets, systems, schedules, and efficiency may be
prioritized over occupant needs [30]. The disconnect between occupant needs or expectations
and an operator’s requirement of meeting stringent performance standards leads to occupant
discomfort, users asking for setpoints out of range, or creating their own interventions into a
system. Occupant overrides or “hacks” like blocking vents or tricking their thermostat are typically
only temporary fixes that lead to other issues in the system and frustration from an operational
team [27, 31, 32].

Occupant-centric metrics are crucial to informing building design and operations [33]. Occupant
metrics such as feedback can offer depth and richness of description, become helpful for
operators when identifying problems in buildings, and even offer new solutions to problems [19].
The most common feedback method is occupant surveys, but they may also provide feedback in
other ways such as a work order, occupant portal, or app [34-36]. Studies show that when
occupants actively communicate with operators about their expectations and experiences, they
are more likely to be satisfied with the built environment [16]. Unfortunately, most occupant
feedback is negative and unsolicited, resulting in highly unstructured data sets [37]. Highly
detailed and effectively managed occupant feedback can help operators learn from previous
experience and decisions and improve occupant comfort and building energy performance.

2.2 Occupant Comfort

The indoor environment should be a place of comfort for building occupants, who report valuing
thermal comfort over visual, acoustic, and environmental comfort measures [38]. However, in
2006, only 11% of the office buildings surveyed in the U.S. provided thermal environments that
met generally accepted goals of occupant satisfaction. Thermal comfort is the subjective state of
mind that building occupants express when they experience thermal satisfaction or dissatisfaction
within an environment [39]. Thermal comfort depends on many variables, including external or
environmental factors like air temperature, radiant temperature, humidity, air velocity, and
personal factors such as clothing levels and metabolism.
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The latter personal factors can further depend on more variables such as activity levels and
environmental conditions or expectations. Since thermal comfort is a subjective measure of a
person’s satisfaction with an environment, it is a divisive concept for building professionals as
they try to make as many people comfortable in a space as possible. Occupant behaviors play a
significant role in building design, operation, and overall performance of a building system [40,
41]. Many factors affect an occupant’s perception of thermal comfort, including social, cultural,
psychological, and physiological variables. These and the nature in which occupants spend time
in their buildings, interact with other occupants and building professionals, as well as the criteria
that define the building’s indoor environment, are all at play with occupant satisfaction.

An occupant’s thermal comfort can affect their overall health and productivity [22, 42, 43]. It has
been argued in the literature how much of an influence gender [44-47], age [48-50], and health
parameters [51, 52] have on an occupant’s level of comfort in buildings. Due to the variability in
individual thermal comfort, there may be bias in thermal comfort standards that only consider
gendered and age-specific variables that exclude other regular building occupants [22, 53, 54].
An increasing amount of literature calls for more diverse and inclusive thermal margins for
persons outside of the male, working-age, and able-bodied demographic [46, 47, 55, 56].

Many factors determine when, how, and to what extent an occupant will interact with their building.
Occupants will find ways to make themselves more comfortable in situations that do not meet
their desired comfort levels, often resulting in building alterations, tricking their building sensors,
or more neutrally, adapting through clothing or location [27, 31]. Technology or automation of
building systems alone is not enough to predict energy use in buildings, as occupant comfort and
behaviors are largely difficult to quantify [57, 58]. Although troublesome for building operators,
these occupant interventions are evidence of building users adapting to their environments due
to discomfort. The human dimension of building operation may be difficult to understand fully but
integrating human factors into energy modeling may lead to higher energy efficiency, fewer
conflicts surrounding occupant comfort, and smoother operation [59, 60].

Another factor that impacts an occupant’s perception of comfort is the building typology they
occupy. In residential settings, building occupants have greater spatial familiarity, more control
over their spaces, and can improve thermal comfort as needed. Thus, in residential buildings,
occupants show higher levels of acceptance with thermal variations [61], awareness of how their
behaviors affect energy costs [62, 63], and how much energy is used for comfort [64]. Additionally,
in residential settings, occupants are more familiar with or pay the electricity/utility bills
themselves, impacting energy-related behaviors within their residence [65]. Comparatively,
occupants in commercial settings may not hold the same awareness of resource consumption,
hold the same expectations of comfort, or understand the cost of their behaviors [63, 66-68].

2.3 Thermal Comfort vs. Building Standards

Requirements for thermal comfort are set by the American Society of Heating, Refrigeration, and
Air Conditioning Engineers (ASHRAE: 55) standard, European Performance of Buildings
Directive (EPBD - EN 16798) or the International Organization for Standardization’s (ISO 7730)
methods of determining and predicting thermal comfort inside of buildings [39, 69, 70]. These
standards rely on established models to better understand indoor thermal comfort, such as
Predicted Mean Vote (PMV), Percentage of People Dissatisfied (PPD), and Adaptive Comfort
Model (referred to most commonly as the adaptive model). These models aim to improve
estimates of how occupants perceive comfort using skin temperatures, balance occupant
dissatisfaction levels, or overall adaptability to a given temperature [71].
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These standards are often referenced in government building codes as the minimum
requirements for thermal comfort in buildings. However, buildings are increasingly adhering to
higher standards. For example, the WELL Building Standard (WELL) recognizes that thermal
comfort preferences are highly individual, making it nearly impossible to find a temperature that
will satisfy all occupants in the same space at the same time [72]. Therefore, WELL encourages
designers to provide different thermal gradients and individual thermal comfort devices so building
occupants can choose areas that best fit their thermal preferences.

2.4 Tenant Engagement and Education

Another way to increase occupants’ overall satisfaction with their environmental conditions is to
ensure they have the proper knowledge and education of the building interfaces and controls in
their building [25, 73-75]. Studies have found that occupants who better understand how to
operate their building controls (i.e., blinds, thermostats, lighting) are more likely to be satisfied
with their space [26]. There are many different forms of education or tenant engagement, such as
gamification, feedback, traditional training, and so on [26, 75]. Each strategy has different
strengths and weaknesses and may be selected based on the individual circumstances, building
type, occupants’ existing knowledge levels, and controls available [76-78]. A combination of
methods and repeated education measures can be more successful, especially in easing the
tension between operators and occupants.

In the following section, the methodology and data analysis procedures are explained.

3. Methodology

3.1 Context and Background

Research in occupant behavior mostly relies on buildings' technical aspects and quantifiable
measures. Still, the depth of information is lost when not collecting personal perceptions or
approaching socio-economic issues [21, 59, 79]. Focusing solely on quantitative studies, other
researchers seek formulas, simulations, and models to predict occupant behavior impacts in
buildings. Still, they are challenged by sample size, reliability, and arguments of which model and
approach are best to use in practice [45, 80-84]. Mixed methods studies, including qualitative and
quantitative data, tend to paint a broader perspective of participants’ realities but may be
overpowered by factual numbers to draw meaningful conclusions, losing the benefits of additional
insights into human feelings and perceptions [27, 85-90]. Qualitative studies are not meant to be
generalizable or representative of entire populations, however, when considering interpersonal
interactions and gaps in communication, quotes, observations, and human perceptions,
qualitative studies can help reveal issues not found in quantitative-based research [91-93].

This study was founded on the basis that building designers, operators, occupants, and
associated building professionals cannot understand these challenges without discussing them.
Qualitative studies are not generalizable, but the interviews conducted for this research supply
valuable insight into the feelings, expectations, and communication challenges operators face as
they balance performance and comfort in the buildings they manage. While conducting social
science studies, one must be diligent in upholding research protocols, rigor, and reliability
measures to ensure the merit of work produced [21, 94, 95]. Utilizing qualitative methods energy
and design research is a strategy that can build empathy, improve satisfaction, and spark
advocacy within the built environment that addresses genuine human problems [91, 96]
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3.2 Methodological Approach

An international group of researchers created this study’s methodological design and
questionnaire as a part of the IEA EBC Annex 79 Subtask 4: Development and demonstration of
occupant-centric building controls. The questionnaire design was informed by the researchers’
backgrounds and experience with building management practices, existing industry knowledge,
management tools, feedback and communication mechanisms, operator challenges, and
suggestions for improving current building management practices. See Figure 1 for more details
on the steps of this study’s methodological approach.
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Figure 1. Flowchart describing methodological steps of data collection, analysis, and dissemination.

The study was initially approved by the Northeastern University Institutional Review Board (IRB)
and subsequently by each participating institution. Interviews were held in seven countries: the
United States, Canada, Brazil, Italy, Germany, Poland, and Singapore, which represents five
climate zones.

The interview script or questionnaire consisted of twenty-three semi-structured questions,
including participant titles, training and experience levels and their opportunities as operators to
interact with the building’s systems and occupants. The series of open and close-ended questions
investigated relationships between facility managers and building operators with building
occupants. The interviewer used a semi-structured interview guide to lead the discussion with
participants during the interviews, hitting major primary questions and follow-up questions to elicit
further details on participant responses.This international study used a qualitative approach to
conduct 72 interviews between January and November of 2020. Due to COVID-19, none of the
interviews were held in person. Interviewees included purposively sampled building
operators/managers who varied in job titles, locations, and experience levels. The building
operators and facility managers interviewed for this study primarily ran private and/or public
buildings including offices, hospitals, college campuses, hotels, retail spaces, laboratories, and
multi-family residential complexes. The square footage of these buildings ranged from 10,756 SF
(1000 m?) to 1,291,669 SF (120,000 m?), ranging from 100 occupants to 15,000 occupants. The
interviewees were often responsible for managing more than one building, some managing more
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than a dozen in their portfolio. Participants spoke to one of their more familiar projects in the
interviews if they managed an extensive portfolio.

Most interviews were recorded virtually, transcribed, cleaned/spell checked, and in some cases,
translated to English. In some cases, participating countries had specific laws about audio
recording, in these instances interviewers took detailed handwritten notes to capture participant
sentiments. To meet international data privacy requirements, participants remained anonymous,
and no personal identification or sensitive data was collected. Before interviewing, each
participant was provided informed consent for the study (including audio recording and
transcription of the interviews if applicable).

Transcribed interviews were translated into English for data analysis using a pre-established
template to ensure that data was placed in the questionnaire correctly. To ensure normative
equivalence of questionnaire responses, translation to the target language (English) was an
iterative process with multiple checks and balances to remove mistakes, inconsistencies,
language barriers, cultural terms, and any linguistic differences that may occur in such translation
processes.

This manuscript will address the findings of a narrower scope of focus regarding the
aforementioned valuable occupant and operator relationship that was not extensively addressed
in other manuscripts from the larger study [97, 98]. The research methodology used qualitative
research tactics and a literature review to inquire in the following research questions for this
manuscript:

RQ1. What factors influence the quality of relationships between occupants and operators?
RQ2. How can the relationships between operators and occupants be improved?

In the next section, the specific data analysis methods are discussed. This is followed by the
results section, which is organized by the research questions.

3.3. Data Analysis

Qualitative data gathered in the interview process were analyzed using a computer-assisted
qualitative data analysis software, QSR NVivo 10, commonly used in mixed-methods and
qualitative research projects to analyze interview transcripts and other forms of qualitative data.
Transcripts were written in templates that facilitated auto-coding. These templates accelerated
manual coding tasks by focusing coding review on interviews questions of interest for each coding
theme.

The interviews were reviewed and analyzed using the Saldana (2016) method of qualitative
coding, which uses iterative coding cycles [99]. For example, in the first cycle a descriptive coding
approach was used to assign labels to summarize the basic topics from the operator interviews.
As necessary, segments of codes ranging in size from short phrases to entire paragraphs were
assigned to nodes, many being coded to more than one node. The researchers kept a
chronological memo of emergent ideas as they read the interview responses by question. Codes
were given code definitions to demonstrate the kind of responses that were coded to each node,
although node definitions transformed as data analysis progressed. In the second cycle data was
codified to consolidate meaning and explanation. New responses were reviewed (i.e., codes were
renamed, combined, redefined, etc.) in an iterative fashion. In the final cycle, key patterns were
revealed to deduce themes and concepts as listed below. As a result of these iterations, our nodes
were structured as seen in Figure 2.
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e relationships,

e communication (or lack thereof),

e attitudes,

e challenges in the relationships, and
e positive interactions.
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Nodes Y v|
% Name / Files References | ‘:
&) M3. Relationship btwn ops and occs 72 400
& () ATTITUDES 26 141
O EVERYTHING IS FINE 18 27
t O FRUSTRATED WITH OCCUPANTS 13 31
O FRUSTRATED WITH SYSTEMS or ABILITY 19 36
(O NOTMYJOB 13 1@
O OPERATOR INSTINCT 17 29
O POSITIVE VIEW OF OCCCUPANTS 1 17
O UNAWARE UNKNOWLEDGEABLE CCCUPANTS 17 35
& © Equiy 30 75
O AUTONOMY of OCCCUPANTS 29 65
o GENDER DIFFERENCES 4 5
O IMPORTANT PEQOPLE WITH MORE CONTROLS
. O VARIANCE IN CCCUPANCY NUMBERS 10 10
& () INTERVENTIONS as 172
O IMPROVE EFFICIENCY 26 41
O IMPROVE SAFETY or OPERATION 14 18
t O MAKE MORE COMFORTABLE 21 31
O OCCUPANT HUACK or OCC ADJUSTMENTS 16 30
‘ O OPERATOR MANAGED CHANGES 16 35
O TEMPERATURE WARS 12 17
O TENANT ENGAGEMENT 20 39
=] O OCC x OP RELATIONSHIPS S0 137
O DISCONNECT BETWEEN OP and OCC 23 38
(O EMPATHETIC or UNDERSTANDING or OBSERVANT 14 24
a O FEEDBACK and COMMUNICATION 22 60
O DIRECT FEEDBACK 12 19
() FREQUENCY 38 41
O INDIRECT FEEDBACK 14 22
(O STRAINED 9 15
O OCCUPANTS vs COMFORT STANDARDS 28
() REQUESTS 20 30

Figure 2: Nodes developed through coding analysis.
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3.4 Research Limitations and Implications

There were limitations to this research that affected the outcomes and results. These interviews
were conducted with building operators, conveying only one perspective of this relationship.
Operator perspectives are shaped by many factors including, but not limited to: personality,
education, job experience, and culture. Another limitation of this study is that interviews were
conducted internationally. Therefore, language barriers, legal ability to record/transcribe
interviews, and the reporting method of participant responses varied by researcher, country, and
participant. Depending on the interviewer, some interviews were open-ended, while others were
more direct in how questions were asked or responses were gathered. For this paper, the
researchers responsible for coding had a limited understanding of the overall study, participant
demographics, and questions asked before qualitative analysis via QRS Nvivo software. This
decision could be seen as a limitation on the one hand or as a benefit in limiting the coder’s biases
and predefined assumptions. The following subsection further discusses the validity, reliability,
and generalizability of the methods employed in this research.

3.5 Validity, Reliability, and Generalizability

In qualitative research, validity refers to the appropriateness of the selected research tools,
processes, and data [100]. As outlined above, the sampling procedure, the chosen methodology,
and the data analysis procedures were all well suited to answer the research questions and based
on well-founded methods and precedent. In terms of reliability, the conclusions drawn in this paper
would be replicable based on the method and analyses procedures described. It should be noted
that qualitative research aims to study a specific issue or phenomenon in a particular population.
Therefore, the results are not generalizable in all cases of building operators and occupants
globally.

4. Results

The results are first organized by research questions RQ1 and RQ2 defined above, and then
subsequent emergent themes also guide further discussion.

4.1 RQ1: What are the factors that influence the quality of relationships between

occupants and operators?

In order of prevalence within the responses, the factors that tended to impact building operators’
relationships with (and perceptions of) occupants included (1) occupant comfort and respective
behaviors taken to regain comfort, (2) the amount and type of interpersonal interaction,
communication, and feedback, and (3) the tug of war between energy goals/building standards
and thermal comfort complaints, as well as job requirements and expectations of building
operators.

Many of the interview responses showed a disconnect between building operators and occupants.
Operator perceptions of building occupants were primarily based upon positive and/or negative
interactions with occupants or how empathetic operators were to the occupants’ experiences and
their comfort. Several factors impacted these perceptions, including the number of occupants that
responded to post-occupancy evaluations (POE), the frequency of interactions with building
occupants (if at all), and the autonomy of occupants in their environments.

Several operators indicated their interactions with occupants were positive and that they had a
good understanding of their building occupants’ comfort. Interviewees reported the comfort level
of their building occupants as satisfactory, and those operators understood when and where
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problems existed. On the contrary, other operators noted that it was difficult to know where
problems occurred until occupants notified them of the issue. Many interview responses spoke to
nuanced participant attitudes about the conflicts between occupants and operators. These
responses ranged from occupants not knowing the “right” behaviors to perform (and the operators
understanding that) to occupants becoming serious causes of frustration and thwarting building
performance. Occupant interactions with the building such as blocking vents or aggressive
setpoint manipulation presented challenges for operators. These interactions were often a trigger
or source for contempt, which is further discussed in the key findings of this section. Some
responses also showed the advantages of trust and understanding between building operators
and the occupants (Quote 1 Figure 3).

The interview responses showed a pattern of quality over quantity, meaning that the operators
who had better feedback mechanisms and direct communication with the building occupants
could better manage complaints and comfort challenges with more grace and understanding.
(Quote 2 Figure 3).

“Look, 1 think the big secret is having good inter-personal relationships. As | said at the
Quote 1 beginning, being very close to the customer is important. To understand the client's pain, needs,
and then try to build the best solution together.”

“I said because if | don't know what's happening, | can't fix it. And so they understand where |
come from, and they've been very good about it....And that's why when they do send a
Quote 2 complaint in with the work order saying that their room has been cold for the last 30 days or
three months or a year, sorry, | wasn't aware of it, yes, | will take care of it now that you've put it
on an email.”

Figure 3: Selected quotes demonstrating feedback challenges.

The amount and quality of interpersonal interaction between building occupants and operators
depended on the location, job title, portfolios of work, organizational structure, and management
style of the operators interviewed. These interviews revealed vast differences in interactions
between occupants and operators who manage the building remotely or in person. The ratio of
occupants to operators also impacts the possibility for direct communication. This section
describes the interactions between occupants and operators and the varying ways they
communicate with each other.

Without open, direct, and empathetic interactions with building occupants, operators often do not
have the information they need to make informed decisions about occupant needs. As shown in
the “feedback and communication” node, interactions varied in frequency andtype, as well as level
of action taken. Operators reported only hearing about issues after occupants have reached
elevated levels of discomfort and complained of poor methods of receiving feedback from
occupants (see Figure 4).

Many interview responses expressed sentiments of appreciation for the direct methods of learning
about and responding to complaints. Less direct forms of communication between occupants and
operators tended to come through channels of tenant administrators passing complaints up the
chain of command until it they reached someone who could make system changes (see Quote 2
Figure 4). Other organizations primarily gathered occupant feedback from occupant surveys. As
reported in the interview data, POE’s did not produce a frequent or consistent mechanism of
gathering occupant feedback. Several respondents said that surveys' frequency, accuracy, and
reliability made it hard to discern where and when problems occurred. As revealed by the following
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quote, “I wish | had access to occupant’s engagement in occupant comfort survey because most
of the occupants do not respond to these surveys.” There were significant communication and
interaction differences across building manager styles and professional roles that impacted
operator relationships with the occupants of their buildings.

Quote 1 “Never/not on a regular basis, rather only when there are complaints.”

“And as far as, as far as | know that there have been no complaints that have bubbled up to me,
Quote 2 which meant, that, that means that either there's been zero complaints, or they're kind of minor
complaints that were fixed by themselves.”

“Typically, each company has a liable person who defines the level of access to the portal. From there on,
Quote 3 the user interacts with the system according to their internal rules. Generally, the access to this portal is
not given to everyone.”

Figure 4: Selected quotes illustrating lack of direct and timely feedback.

Building operators showed frustration with their building occupants regarding interpersonal
conflicts and unsatisfiable tenants. Many operators believed occupant dissatisfaction was a
personal preference over a performance problem. Some interviewees were clear that their role
was solely to manage and reduce energy use in the building while meeting minimum legal or
contractual requirements. In these instances, the operator/occupant relationship was much more
strained. Other operators revealed that their employer’s organizational structure enforces strict
energy, emission regulations, and municipal code requirements disregarding occupant comfort
entirely. Several responses also implied that operators were apathetic or expressed a negative
attitude toward occupants. There were a few instances where this “not my job” mentality (coded
as such) became hostile in the interview responses.

Many of the building operators interviewed for this study oversaw a varying number of occupants
in their facilities. Participants of this study manage large portfolios of buildings, but it appears that
those with smaller occupant numbers were more in tune and familiar with individuals’ needs and
comfort levels. From the responses collected, operators had as few as 100 regular occupants to
upwards of 15,000 occupants in their portfolios. Variable occupancy numbers seemingly affected
the operator’s relative location and ability to communicate with building users directly.

A common sentiment expressed by many operators was that “If [they] had access to detailed
feedback from the occupants, [they] could provide [occupants with] better comfort.” This leads
into the next key factor that impacted these operator and occupant relationships; thermal
(dis)comfort was a pervasive source of contempt and misunderstanding (see Quote 1 Figure 4).
Results also showed a common theme that operators often had to navigate between meeting
stringent performance goals or the comfort of occupants (see Quote 2 and 4 in Figure 5).
Operators recognized that these two goals are often in opposition, and many have accepted that
some occupants will never be comfortable (see Quote 3 Figure 5).
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“Last year’s survey shows that many people are uncomfortable, and its reasons are mostly

Quote 1 ”
unknown.

“The standard thermal comfort temperature is between 20 °C and 24 °C, so | have fo follow this
Quote 2 range. People normally do not know that and use 19°C of set point temperature, which will be
bad for thermal comfort and for the energy consumption.”

Quote 3 “It is hard to please everyone and to reach optimal operation.”

“The first priority is to respect the standard. | follow a temperature range in the first place, the range
Quote 4 proposed in the standard...Normally we can find a temperature that maintains 90% of people comfortable.
However, there will always be some complaints, i.e., someone asking for a lower or higher temperature.”

Figure 5: Selected quotes denoting the complicated nature of achieving comfort for all.

While some positive relationships were described, there was often a disconnect, contention, and
frustration between operators and occupants.

4.2 RQ2: How can the relationships between operators and occupants be
improved?

As mentioned previously, many operators are not effectively communicating with occupants about
building conditions or receiving valuable information from the building users. Further concerns or
gaps in the relationships between occupants and operators result from a disconnect between the
operation of a building efficiently and safely and the conflicts surrounding occupant comfort.
Requests from the building operators included more frequent and reliable occupancy surveys and
better communication channels.

Other operators suggested that even in buildings that conduct semi-regular occupancy surveys,
they may not accurately describe when and where problems occur. Others requested a better
understanding of how many occupants are in the building (and when they are in the building) for
the ability to tune their systems to meet real-time demand.

Many operators also said that tenant engagement training for the building occupants surrounding
building systems and guidance for occupants to interact with those systems would benefit
everyone. Some operators also explained that they had made efforts to educate their building
occupants of behaviors to avoid potential issues (see Figure 6).

Quote 1 “Motivate the occupants to practice energy efficient behavior.”

“Occupants are skeptical about centralized control of systems - not being able to intercept arises
Quote 2 concerns. The occupants have to be informed and sensibilized, in order fo increase/reach occupant
acceptance.”

“We have stickers that say "don't block [univents], your fresh air depends on it". We're also moving to
utilize a user's guide for the occupants of new buildings to let them know what are all of the, what is the
equipment that's in their classroom and how it functions so that they can better understand their role in

their own comfort.”

Quote 3

Figure 6: Selected quotes about possible tenant engagement and education strategies.

Yet, other operators did not see the value in occupant in feedback as it was redundant to known
issues: “I think the only time where there was widespread communication to occupants, were
times where there were known issues with the mechanical systems.”
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The data provided valuable insights into how operator and occupant relationships can be repaired,
including more frequent and reliable occupancy surveys, improved feedback mechanisms, better
communication, and tenant engagement and education.

4.3 Key Themes Found within the Interview Data
The following sections address three overarching themes from the interviews: occupant
autonomy, effective communication, and job requirements and contractual obligations.

4.3.1 Occupant Autonomy

Uncomfortable occupants try to find ways to correct their environment. When operators are not
available/able to repair issues, occupants’ own actions can cause disruptions to a sensitive
operation environment, other occupants’ discomfort, and frustration in operators. In these cases,
some operators must intervene. Specific examples of disruption actions by occupants are
presented in Figure 4. To further challenge the role of the building occupant in managing occupant
thermal comfort, evidence of “temperature wars” or occupant disagreements on their individual
comfort needs were pervasive throughout the data. Responses showed that operators frequently
received complaints of users requesting conditions outside of required thermal comfort
requirements for performance and code. Some responses illustrated occupants’ lack of control
and/or how their autonomy was taken away when people could not “get along” or agree on
temperature setpoints (e.g., see Figure 7).

“Some departments used to have control of the splits, but due to improper behaviors (turning on machines
Quote 1 on days that it was unnecessary, with low temperature, or turning it on with open windows) and not
managing these controls correctly, we removed these “benefits.”

“It happened a lot. For this reason, the privilege of some of them regarding control ended up being

Quote 2 extinguished.”

Quote 3 “We really ‘try to discouragfe people, Jerry rigging and messjng with'rhe equipment because' then it jus;t
damages it. So, we oftentimes are the ones that engage directly with the occupants on their comfort.

Quote 4 “If one occupant makes an adjustment for their benefit, it'll be to the detriment of others.”

Quote 5 “Some companies restrict the occupants' access only to viewing because otherwise users make too many

requests and temperature control becomes a war.”

“You'll go on site, and you see that they've been manipulating it and so, the first thing you say is,
Quote 6 well, it's because you put the wet paper towel on it. This is an electronic device and you have
ruined it. So, the reason you're hot is because you broke it.” “

Figure 7: Selected quotes demonstrating aspects of occupant autonomy.

In some cases, operators elected to remove occupant autonomy to regain complete control over
building operations. Operators expressed that “If [occupants] were informed on system
operations, [occupants] could make better decisions about their comfort without detriment to the
building’s performance.”

4.3.2 Effective Communication

Many of the operators interviewed communicated with occupants to understand their level of
thermal comfort. However, the communication frequency and method varied greatly. For example,
occupants provided direct feedback to the operator in-person, over the phone, via email, through
an online portal, or their feedback was passed to the operator through an organizational chain of
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command. Formality of exchanges is variable in these cases, as is its opportunity for better or
worse communication between occupant and operator. If the occupants were to have more direct
and physical interaction with the operators, there is opportunity for trust and communication
improvement.

Some operators indicated that they had a good understanding of their building occupants’ comfort.
Others believed occupant dissatisfaction was a personal preference problem over a performance
problem. Noticeably, some operators expressed a negative attitude towards outlier occupants.
Several operators reported they did not receive regular feedback. Many operators indicated they
only receive negative feedback from occupants when the problem has escalated. Less direct
forms of feedback between occupants and operators tended to come through varying
communication channels until they reached someone who could make system changes. Existing
POEs are infrequent and inconsistent, as reported in the interview data. Operators indicated that
having more specific prompts in surveys that help them understand when and where occupant
comfort problems occur would be beneficial.

The interview responses showed that the operators with better feedback mechanisms and direct
communication with the building occupants could better manage complaints and comfort
challenges. However, even when feedback was provided, the feedback was often inaccessible or
lacked information, leaving operators unable to make necessary changes. A common sentiment
expressed by many operators was that “if [they] had access to detailed feedback from the
occupants, [they] could provide [occupants with] better comfort.” Many of the interview responses
indicated a lack of effective communication between building occupants and the operators
regarding thermal, visual, and environmental comfort. This trend shows the importance of open
communication and regular feedback from occupants to operators and an opportunity for future
research.

4.3.3 Job Requirements and Contractual Obligations

The operator’s priorities are outlined in their job requirements, and several interview responses
provided great details surrounding specific responsibilities. For example, several operators
identified that their main priority is to meet environmental goals such as energy use or emission
regulation and adhere to occupational goals such as municipal code requirements. Other
operators prioritized occupant comfort and reducing occupant complaints.

Most operators understood that their job requirements, and the guidelines they must adhere to,
do not always support every occupant’s thermal comfort. As a result, occupants sometimes
requested conditions outside of required thermal comfort requirements for performance and code.
For those who design and determine the requirements of these code and energy efficiency
guidelines, consideration of occupant comfort as a factor for performance success may be
necessary.

These interviews revealed vast differences in communication between occupants and operators
who manage the building remotely or in person. Operators with fewer occupants appeared to be
more in tune and familiar with individuals’ needs and comfort levels. The ratio of occupants to
operators also impacted the possibility for direct communication. These findings indicate that the
job requirements of the operator influenced their ability to communicate with their occupants
effectively. These findings, emergent themes, and key research questions are further discussed
in the next section.
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5. Discussion

The interview results showed that the relationship between occupants and building operators is
often strained but can be improved through operators adopting a customer service mindset and
flexibility in communication. The factors that affect occupant and operator relationships are
multifarious. While buildings are constructed for people, there are discrepancies between building
design standards and actual needs from occupants in terms of comfort, control, and preferences
[12]. By improving the relationship between operators and occupants, occupants’ thermal comfort
and building performance can be better balanced.

As evidenced by the data, there was often a communication breakdown between building
occupants and operators. Overall, the data collected illustrates how this relationship is developed
and maintained. Existing communication is negative, infrequent, and inconsistent. Therefore,
demonstrating the need for better feedback channels and occupant education to remove barriers
for operators and building performance.

5.1 Summary of Key Outcomes and Recommendations for Best

Practice

Key themes and useful outcomes were discovered through this research. The following section
offers concise and actionable steps for improving the relationships and outcomes between
building operators and occupants. These recommendations are based on findings from the study
and the larger body of literature that was reviewed.

5.1.1 Occupant Autonomy

Occupants with Autonomy

Occupants with autonomy may adjust their environment themselves. These adjustments include
changing the thermostat, operating windows, and using vents. Occupants who have autonomy
and are uncomfortable will often interact with the building and its systems, sometimes in
unwelcome ways [59, 73].

Occupants who make thermostat changes outside of the standard ranges may cause harm to the
system, decrease system performance, or discomfort in other building occupants. These actions
can be a disruptance to the operators’ requirements of meeting specific building performance
goals and symbolize the occupant escape of predetermined “control”.

Occupants may physically alter their environment by adjusting vents or windows which can
decrease building performance.

Occupants without Autonomy

In cases where occupants do not have autonomy, effective communication is the only way
their concerns can be addressed. Without effective communication and subsequent action to
address concerns, occupants will take matters into their own hands [25].

Occupants may attempt to deceive systems. These actions can cause damage, additional
discomfort, and frustration. Therefore, operators should actively encourage occupants to answer
POE surveys and submit formal feedback regularly [101, 102].
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Operators remove Occupant Autonomy

Operators may knowingly or unknowingly remove occupant autonomy, potentially causing strife
and resentment between parties. The results showed that the operators “learned” to restrict
occupant autonomy based on past occupant behavior in some cases. Therefore, there is an
opportunity for interventions to lead the operator to other solutions such as occupant education.
These responses demonstrate that operators did not initially want to limit autonomy but rather
only did so when prompted by occupant interventions that harmed their systems.

Occupant Education

In most cases, all occupants should receive training about the building and its systems [25, 75,
76]. Occupants should understand how to manipulate their environment appropriately and how
these manipulations will impact their environment, other occupants, and overall building
performance.

Additional training for occupants with autonomy may be needed to understand system limitations
and the consequences of inappropriate actions.

Occupant integration at the design level

Some buildings implement certain design strategies to encourage occupant interaction and
autonomy with the building to improve comfort. These examples include use of window control
signaling systems [103] or satisfaction measurement feedback points, and free address office
reservation systems [36, 104] to help occupants gain control over their environmental conditions
and preferences. For example, the WELL standard offers an optional credit for projects that offer
free address across open work spaces with a thermal gradient and the ability for occupants to
select a workspace with a desired temperature [105]. Through free address strategies occupant
comfort, choice, and control of occupants can be improved.

5.1.2 Effective Communication

Consistent Feedback

Frequent and regular occupant feedback results in higher occupant satisfaction and the
opportunity for improved building performance [16, 19]. Therefore, operators should reduce
barriers to occupant feedback, encourage it, and provide regular formal opportunities (e.g., POE
surveys) [102, 106]. Conversely, irregular or delayed feedback offers little value as occupant
insights are difficult to connect to specific and actionable issues with mechanical systems.

All Feedback is Good Feedback

As is, negative feedback is the majority of feedback provided, however, negative and positive
feedback is important in this relationship [37]. Occupants should formally submit all feedback
to building operators based on their real-time experiences [35]. This feedback may be in the
form of work orders, occupant app, ticket requests, or service requests. The work order system
can track when and where problems occur, how quickly they can be resolved, and if there are
repeated problems for specific occupants [20]. Positive feedback often only is received through
regular POE surveys, and should be sought after more frequently, as work order systems imply
negative feedback surrounding something that “needs to be fixed.” Therefore, POEs can be
significantly improved to benefit the operator-occupant relationship and improve building
performance, including additional context for timely reporting and opening communication
channels between the operator and the occupant.
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Direct Feedback

In some cases, complaints are passed through many hands before reaching the operator that can
make a change or never reach them. Confirmation mechanisms of feedback getting to the right
person ensures that complaints do not go unaddressed or lost in a system while occupants remain
uncomfortable.

Flexibility for Outlier Occupants

If specific occupants continue to be uncomfortable, operators should develop individualized
thermal comfort plans. These plans may include moving the occupant to a more suitable space,
purchasing personal comfort devices such as a fan or a heater, and discussing appropriate
adaptive clothing [36].

5.1.3 Job Requirements and Contractual Obligations

Transparency

In cases where occupants do not have autonomy, effective communication is the only way
their concerns can be addressed. Building operators should be clear about their role and the
performance goals they hope to achieve. Transparency is essential in all relationships.

Priorities

It would benefit operators to prioritize occupant comfort alongside building performance standards
and requirements. These criteria are inherently interdependent. There is an opportunity for
organizations that design these guidelines to reconsider their modern applicability to create a
more inclusive indoor environment.

Occupancy Information

Operators with more information about occupants such as office layouts, occupancy schedules,
live occupancy sensors data, and historical occupancy data can make better decisions about a
building’s operation.

Operator-Occupant Ratio
If possible, the ratio of occupants to operators should be reduced to improve effective
communication and promote understanding.

Effective communication between operators and occupants becomes more critical as the ratio of
occupants to operators and cases of remote operation increases.

Operator Management Styles and Role

The quality of interpersonal interactions between building occupants and operators depends on
the job title, portfolios of work, organizational structure, and management style of the operator
[28, 30].

Remote Work

As building automation systems (BAS/BMS) advance and the planet faces the fallout of COVID-
19, building operators and occupants will increasingly complete their work remotely [107]. As a
result, methods of effective online communication will be even more critical to this relationship.

5.2 Key Take-aways
In summary, occupant comfort and building performance can be balanced by improving the
relationships between operators and occupants through modifying operator job requirements,
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creating effective communication, and encouraging appropriate occupant autonomy. Further
research should investigate the relationships between occupant discomfort and occupant-
operator communication and how poor communication can be resolved in individual situations.
Additional key takeaways from this research study are outlined below.

5.2.1 Practical Implications

The true nature of the relationships between operators and the occupants of the buildings they
oversee is a difficult and widely variable topic. The types of relationships formed, the reasons they
exist, and the challenges they face all affect the built environment. Operators can immediately
apply a key finding of this work: reduce barriers to communication, — improve the quantity of
communication — improve the balance between occupant satisfaction and building performance.
Additionally, designers and researchers play a role in improving this relationship by integrating
occupant-centric design, requiring POEs, and studying this relationship and its impact on
occupant satisfaction and building performance.

5.2.2 Social Implications

For those with responsibility in the performance of buildings, it may be challenging to see building
occupants as beneficial members of their work, especially if those relationships are strained by
poor communication, immovable organizational structures, or personal issues. Building
performance and occupant comfort are more nuanced than just the systems that are in operation
and the people who are showing up to buildings. This study brings to light several potential
concerns that building operators have about their relationship with occupants and proposes
solutions to improving this relationship, including a transition toward standards like LEED, fitwel,
and WELL that encourage feedback and comfort as a priority.

5.2.3 Originality/Value

The 72 interviews this research utilized were the largest study of occupant-centric building
operation ever conducted. This paper describes the relationships between those occupying
buildings and those responsible for the building operation. Additionally, this paper discusses how
these interactions affect the overall climate and culture of the built environment. The relationships
discovered through this research encourage a human-centric approach to solve building
performance issues instead of automating people out of buildings. This scientific work illuminates
best practices and challenges in operators’ own words from a diverse international sample.
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