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Abstract: Workplace environments have a significant impact on worker performance, health, and
well-being. With machine learning capabilities, artificial intelligence (AI) can be developed to
automate individualized adjustments to work environments (e.g., lighting, temperature) and to
facilitate healthier worker behaviors (e.g., posture). Worker perspectives on incorporating Al into
office workspaces are largely unexplored. Thus, the purpose of this study was to explore office
workers’ views on including Al in their office workspace. Six focus group interviews with a total
of 45 participants were conducted. Interview questions were designed to generate discussion on
benefits, challenges, and pragmatic considerations for incorporating Al into office settings. Sessions
were audio-recorded, transcribed, and analyzed using an iterative approach. Two primary constructs
emerged. First, participants shared perspectives related to preferences and concerns regarding
communication and interactions with the technology. Second, numerous conversations highlighted
the dualistic nature of a system that collects large amounts of data; that is, the potential benefits
for behavior change to improve health and the pitfalls of trust and privacy. Across both constructs,
there was an overarching discussion related to the intersections of Al with the complexity of work
performance. Numerous thoughts were shared relative to future Al solutions that could enhance
the office workplace. This study’s findings indicate that the acceptability of Al in the workplace
is complex and dependent upon the benefits outweighing the potential detriments. Office worker
needs are complex and diverse, and Al systems should aim to accommodate individual needs.

Keywords: workspace; office work; computer workstations; artificial intelligence

1. Introduction

Most office workspaces do not adequately support office worker health, nor do they
maximize work performance. Indoor environmental factors, such as temperature, air
quality, and lighting, which do not fit the individual’s needs or support occupational
requirements, can directly affect office workers [1-3]. In the U.S., most heating, ventilation,
and air conditioning (HVAC) systems are centrally controlled within a narrow range;
exposure to greater temperature variability may support improved health (e.g., glucose
handling, cardiovascular performance) [4]. Moreover, offices maintained at thermal levels
that are too cold or too warm can negatively impact productivity and require workers to
exert more effort to complete tasks [5]. In addition to temperature, lighting can negatively
impact alertness, mood, and performance [6], cause eye strain and lead to problems with
visual acuity [7], and disrupt an individual’s natural circadian rhythm [8]. Finally, ambient
noise, such as that from office equipment and coworkers talking, can be counterproductive,
cause increased frustration, and lead to declines in worker well-being [9,10].
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In addition to direct effects of the workplace physical environment, these and a variety
of other factors intersect to affect worker health and well-being in office workers. Poor
lighting, temperature, and other environmental factors can lead to maladaptive postures
by causing an individual to hunch or move closer to the task [11], further exacerbating
one of the most common health issues in office workers, musculoskeletal disorders. In
fact, musculoskeletal conditions are the most commonly referenced health problems, with
an annual prevalence of musculoskeletal pain in as many as 63% of office workers [12].
Factors such as job satisfaction and affective well-being can play a mediating role between
the physical work environment and a worker’s absenteeism or presenteeism, a relationship
that is further impacted by an individual’s work patterns [13]. Among all of the individual
work patterns, the most common concern is that office workers spend an average of 11.6 h
of their day in sedentary activity [14], which is directly associated with numerous adverse
health impacts, including musculoskeletal disorders and metabolic syndromes [15-17].
Beyond detriments to health, sedentary behavior has been associated with lower cognitive
performance [18,19].

Fluctuations in social and organizational practices, changes in worker demographics,
and advances in technology are rapidly reshaping the future of office work in ways that
may amplify these potential detriments to worker health and well-being [20]. While the
contemporary trend in offices was to offer open environments with shared workstations
(e.g., hot-desking) [21,22], the COVID-19 pandemic has recently led organizations to
consider alternative workflows and work arrangements [23,24]. Of note is an increasing
use of digital technologies to support remote work that has led to an increase in computer
workstation use, with workers spending up to 1.5 h per day longer at their workstations
than when working in-person [25]. Future work design that includes higher frequency
of remote work creates additional risks to worker health and well-being. These factors
go beyond the physical workspace and include social and personal factors such as the
frequency of communication with co-workers and interruptions from other individuals in
the home workspace [25].

The plethora of health and performance issues associated with office work are likely
to continue and expand in future work and workplaces [21,26]; thus, it is ever important
to identify solutions to the challenges of mitigating risk and improving well-being within
office work [27]. Environmental modifications such as sit-stand desks have been found to
reduce sedentary work behavior in the short term, but no studies examining these modifi-
cations have demonstrated long-term effectiveness of reducing sedentary behavior [28] nor
any effects in reducing pain-related disability in office workers [29]. Workplace wellness
programs have also been developed to address health and performance issues; however,
retention of positive change is difficult, and predictors of successful intervention are not
yet well-understood [30,31]. Such interventions are difficult because the workplace envi-
ronment, the individual, and other contextual factors all affect engagement in preventive
behaviors in the workplace [32]. Furthermore, changing workplace behavior requires alter-
ing habits that people have developed in their workspaces over time. Once formed, habits
can dictate how a person engages with their environment, even when those behaviors have
negative health impacts [33]. These factors are further amplified by the ever-increasing
diversity in the workforce, work design, and work settings, and there is a growing need for
a multifaceted approach that can support worker health and well-being [20,34].

Artificial intelligence (AI) may be a viable solution for delivering such multifaceted
large scale, yet individualized, interventions to address environmental conditions and
worker behaviors to promote healthy, supportive office workspaces. Automation in the
workplace has been primarily focused on incorporating machines in service-oriented
industries or jobs requiring manual labor to supplement or replace the actions of human
workers [35]; however, some autonomous support systems are being developed to support
worker health, such as to encourage exercise, or to support worker productivity, such
as in decision-making tasks [36-38]. Unfortunately, most of these systems tend to take
workers away from their work tasks to provide information or communicate with the
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system [39]. There is a growing need to develop Al systems that can support worker health
and productivity without interrupting job performance. Moreover, despite the increasing
prevalence of automated systems in the workplace, there remains speculation and varying
levels of acceptance of Al due to factors such as fear of the Al [40] and privacy concerns [41].

There is a clear opportunity for integrating an Al system that can learn individual
needs, improve the work environment, and support behavior change over time within office
workspaces. We previously completed and published a comprehensive review of current
evidence and gaps in knowledge relative to developing an Al system for this purpose [42],
through which we determined that it is necessary to begin by understanding office workers’
perspectives, needs, and preferences. Specifically, there is limited knowledge of how the
implementation of Al would alter the occupational context for workers in an office setting
and how to develop an acceptable Al system that could become fully incorporated without
being obtrusive. To examine these concepts, we conducted focus group interviews to
explore office workers’ perspectives on introducing Al into their workspace. In these focus
groups, participants were not reacting to or providing feedback on a specific Al system;
rather, these discussions were used to generate ideas and better understand how to design
an Al system that would be most effective at achieving outcomes of importance to office
workers such that the design would be acceptable to end-users.

2. Materials and Methods
2.1. Framework of the Study

The long-term goal of our research is to develop an Al-enabled office workstation
that can support the health and well-being needs of office workers. We will do so by
integrating sensors and feedback systems into the office environment that will enable
the worker and Al to work synergistically [42]. At the outset of this broader project,
we engaged with office workers to identify their perspectives so that we might design a
system that could be easily translated into practice for maximum effects on the intended
outcomes. Thus, we implemented a descriptive qualitative approach using focus group
interviews with office workers. Qualitative approaches allow for deeper exploration of
individual and group perspectives on a topic of interest than cannot be gained through
quantitative means [43]. Al in the workspace can be a foreign concept for office workers
who have become accustomed to their traditional workplace environments. A focus group
method was chosen to gain a deeper understanding of worker preferences regarding Al
in their workplace environments that cannot be as easily gathered through quantitative
or survey methods. Although not guaranteed, successful focus groups can capitalize
on group dynamics and lead to rich discussions [44]. Furthermore, focus groups may
allow for richer understanding by mitigating the researcher’s authority and giving space
to the participants [45]. Focus group interviews were conducted in person or through
video conferencing to enable as much interaction in real time and space as possible. The
University of Southern California’s institutional review board approved the protocols
and procedures (Study ID: UP-18-00131). The study was conducted in accordance with
the Declaration of Helsinki, meeting both the U.S. and European Union requirements for
human subject research. All participants provided informed consent to participate in the
focus groups, including permission to be audio-recorded.

2.2. Participants

Six focus group interviews were conducted between January 2019 and May 2019 We
recruited participants through network sampling, where our research team asked office
workers within their professional circles to volunteer their time. A total of 45 office workers
participated. Three group interviews were conducted with a total of 27 employees of Arup
Group Ltd., an independent architecture and design firm specializing in complex built
environments. Participants from Arup identified their occupations as engineers, architects,
and other building consultants. Three additional group interviews were conducted with a
total of 18 staff members from varying departments of University of Southern California
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(USC). These university participants were not faculty with teaching roles; rather, partici-
pants described having roles in management, administration, finance, and office assistant
positions. There were more males in the Arup groups and more females in the university
interviews (10 females and 17 males, 14 females and 4 males, respectively). While all partic-
ipants reported spending the majority of their workday at desks, there was a range of office
arrangements. Many engineers reported having an open office space with hot-desking,
that is, the ability to work at a workstation of their choice, and a few participants reported
having sit-to-stand desks. Three engineers and three university staff reported splitting
their time between different office spaces (i.e., work from home).

2.3. Focus Group Procedures

Of the six focus groups, four occurred in-person with employees from either USC or
Arup working in Los Angeles, and two were conducted using video conferencing with
Arup employees working at the company’s primary offices in London. During the focus
groups, participants were asked open-ended questions related to integrating Al within
their office workspace. An interview guide facilitated these semi-structured interviews
and ensured that each group interview covered the same topics (Appendix A). Specifically,
instead of feedback on an existing Al system, we framed these discussions around the
proposed development of a new Al-enabled, smart office workstation that could provide
support for improving health and work performance through automated feedback and
environmental modifications [42]. At the start of each focus group, the moderator provided
the following prompt to set the foundation for group discussion:

“We are looking at opportunities around making the work environment healthier for
people. For example, there might be an artificial intelligence (Al) system that asks you to
do healthier things like change the office temperature, change the room lighting, improve
your posture, or change your position from sit to stand. We will use this data to inform
the development of such technology.”

Following this introduction, participants were asked to imagine that Al was integrated
into their office workspace to support their work performance and individual health.
Participants were asked how they would like the AI to make changes or preferences related
to receiving feedback from an Al workspace that could adjust the office environment (i.e.,
temperature and lighting), as well as the workstation itself (i.e., sitting or standing desk).
This conversation was followed by questions that aimed to understand the worker’s level
of comfort and preferences regarding sensors or other means for obtaining data that could
be used by a smart workstation to monitor the worker’s health and the environment. At
the end of each focus group, moderators asked participants what other options they would
like in a “dream workstation.” Throughout the session, multiple follow-up prompts were
used to probe for information on specific concepts and topics within the feedback, sensing,
and additional features segments.

Each focus group interview was scheduled for 60 min, and the sessions lasted between
41 and 75 min. After each focus group interview, the research team discussed initial
findings and modified the interview guide to pursue emerging topics not outlined in the
original interview guideline. All interviews were audio recorded and later transcribed to
text. Each transcript was coded with the location and employer (i.e., Arup or USC), and
individual participant identities were blinded in the transcripts by coding each comment
with a participant’s sex.

2.4. Data Analysis

Analysis of the focus group transcripts was completed by two researchers who were
not involved in the interview guide’s initial development and did not moderate the inter-
views. Basic qualitative thematic analysis was conducted using an inductive data coding
process using a systematic, four-step text condensation procedure [46]:
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(1) Total impression—from chaos to themes: During an initial reading, the smallest mean-
ing units were identified and notated with minimal interpretation. Two researchers
independently read all six interviews after the initial calibration of notation.

(2) Identifying and sorting meaning units—from themes to codes: The two researchers
discussed preliminary impressions and findings from the initial coding process, and
they developed categorical codes through an iterative process.

(3) Condensation—from code to meaning: Both researchers coded all six interview
transcripts using the developed categories. This coding process involved a constant
comparative method where the two researchers modified the codes according to the
transcript data and discussions and questions that arose during the process [47].

(4) Synthesizing—from condensation to descriptions and concepts: Using the coded
transcripts, the two researchers identified themes and patterns in the data. Prominent
themes relevant to the research questions were revisited and summarized to produce
the final results and interpretation.

The researchers who moderated focus group sessions were consulted between the
initial code development and finalization of the codes to ensure the credibility of the
independent coders. Based on the team'’s feedback, the independent coders then developed
final themes and conducted an initial interpretation of the data. The full research team
reviewed the interpretation and provided final feedback to ensure the accuracy, credibility,
and trustworthiness of the findings.

2.5. Researcher Bias and Assumptions

The focus group moderators were interdisciplinary researchers engaged in developing
Al solutions for office settings, including experts in human-computer interaction, engineer-
ing and design, and occupational science and ergonomics. Two investigators who did not
engage in the focus group interviews conducted the qualitative review of the transcripts
to minimize bias. One analyst is an occupational therapist and an occupational science
PhD student research assistant affiliated with the broader study that funded this project
but had not been involved in any aspect of the focus group interviews before reading the
transcripts. To further increase the trustworthiness and rigor of the analysis, the second
analyst was an outsider to the research project and an expert in qualitative methodology.
She is an occupational scientist and occupational therapist who has written extensively on
dynamic systems and occupation.

3. Results

We examined differences across groups to see if comments varied among those who
worked at Arup versus USC, between groups conducted in London versus Los Angeles, or
between participants of different sexes. We did not identify any significant differences in
the discussions across groups conducted with engineering or university workers, between
the two different geographic locations, or among workers with different job types or
sexes. Two constructs emerged from the transcripts. First, participants shared perspectives
related to their preferences and concerns regarding communication and interactions with
Al technology within an office setting. Second, numerous conversations highlighted the
dualistic nature of a system that collects large amounts of data; that is, the potential
benefits for behavior change to improve health and the perils of trust and privacy. Further,
across both constructs, there was an overarching discussion related to the complexity of
work performance and its implications for incorporating Al into office settings. Finally,
participants shared numerous thoughts relative to future Al solutions that could enhance
the office workplace. Rich discussions revealed the need to individualize Al workstations
to various user preferences and how the acceptability of an Al workstation is complex and
affected by the person, context, and individual occupations.
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3.1. Communication over Feedback

Although our interview guide was developed to obtain information on feedback
preferences from the system to the user, participants more commonly discussed the two-
way exchange of information, or communication, between the user and the Al system
rather than a one-way feedback process. Participants expressed numerous preferences
related to the ease, amount, invasiveness, and method of communication. In particular,
easily communicating with the Al system was a priority for many people, especially in
ways that would allow the user to control the system without interruption. Similarly, excess
communication was viewed as burdensome, as demonstrated by the following statement:
“I think there’s a very fine line between the system asking for information and that [communication]
taking you away from being productive” (Female, London).

The amount of communication preferred by the participants varied and depended
upon the amount of automation. Some participants indicated they would only want to
actively communicate with the AI when information or feedback was required and did
not want the system to know any information that they did not willingly input, stating,
“I don’t like things scanning things and knowing more about me than I told it” (Female, Los
Angeles). Others said they would rather have the system constantly gathering feedback or
information without active user communication, resulting in full automation:

“I think I would prefer if everything just happened for me. I don’t like messing with
settings or trying to figure out what the best way to do it is. I'd rather it just dim [the
lights] or change color at the right time.” (Female, Los Angeles)

Most people were somewhere in the middle, with one participant stating, “like if you're
driving in your car. Then, like you have control over the temperature, the AC in your car. Then,
kind of comparable to that” (Male, London). There was general agreement that the system
could sense and self-adjust to enhance the environment (e.g., temperature changes). Still,
the worker should have ultimate control over the Al system for other types of changes in
the workspace, such as physical movement of the workstation.

The communication topic led to discussions about ways to ensure that communication
with the system would not disrupt work and flow. Participants were generally agreeable
to using a calibration period when first engaging with an Al system that might require
frequent prompts followed by periods of less frequent interruptions, as long as the user
would have prior knowledge and control over the calibration process. As stated by one
participant, “I wouldn’t be averse to [calibration] if I just knew when it was going to happen so
that I could go like, ‘Okay, it’s happening on Monday, Thursday, and then next Thursday, and I
will be getting those prompts’” (Female, London). Beyond scheduled calibration, another
suggested a method to decrease disruptive communication was to combine both user input
and system sensing to understand a worker’s concentration level. One participant stated,

“I think it would be important if it had some ability to sense how focused you were at the
moment because if [ was in flow and it prompted me, I'd be really pissed off. I'd be like,
‘Get this thing out of my cubical immediately!”” (Male, Los Angeles)

Participants acknowledged that measuring focus and concepts like “flow” would
be difficult because work tasks vary, and productivity looks different both within and
between individuals.

Individual preferences for a method of communication with an Al system varied
greatly (Figure 1). While some participants voiced a preference for communication that
is integrated with a separate device, such as a phone, tablet, or wearable device, others
stated they would like all contact with an Al system to be managed through a computer on
which they are working. In addition to the device used, ideas for how to best engage in
communication also ranged considerably, from buzzing chairs to pop-ups on the monitor.
While there was more variety in preferences than anticipated, this rich discussion into
communication demonstrated the complexity behind user preferences for communication
with an Al workstation.
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Visual Communication
*» Pop-up messages on desktop
* E-mail
» DMessages on dedicated separate tablet
# Messages through a wearable device
» Desk lights up
» Dashboard light changes
¢ Color notifications
» Face scale to signify need to adjust
Tactile Communication
¢ Mouse vibration
¢ Chair vibration
Auditory Communication
o Alert sound
»  Auditory feedback through headphones

Figure 1. Potential methods of notification and communication by an Al workstation identified by
focus group participants.

3.2. Big Data: Benefits and Perils of Monitoring

Although participants expressed a desire for fluid communication between a worker
and the Al system, many also expressed concerns over the large amounts of collected data
necessary for the system to learn a user’s individual needs. Specifically, several participants
discussed the potential invasion of privacy and unintended uses of the data against them.
In general, acceptability seemed to depend on the purpose behind data logging or tracking,
as one participant noted, “If the purpose is solely about health and well-being, definitely. But, if it
is about a ‘Big Brother’ type of management . .. or your boss generalizes what percentage of the
time you spend on what . .. That might be counterproductive” (Male, London).

Participants had multiple suggestions for increasing the acceptability of data collection
by an Al system. A common recommendation was to ensure de-identification of the data,
along with clear transparency in how data were being logged, monitored, or used. Of note
were comments indicating that data collection for research was considered more acceptable
than data being obtained for business or commercial uses. As a minimum threshold, there
was general agreement that outside companies should not be able to access the data, with
one participant stating:

“A written contract that the employer or whoever is guarding the data is going to reassure
us that it’s going to stay with this company or stay within this administration and that it’s
not going to be sold to anyone else outside of this administration.” (Male, Los Angeles)

Some participants stated that acceptability might be increased if they could see and
maintain ownership of their data. Furthermore, individuals noted that having an option to
output data into an offline format that would be robust against hacking might be beneficial.
One participant stated:

“It might be a question of where the data is stored. If it could be stored somewhere where
you essentially own the data and it’s not going off to some sort of big brain, or maybe
you'd plug your ID pass into a computer or something, and then it reads from that. So,
at the end of the day, you take that away with you, and no one else has that data but you.
That might be a little more palatable for people.” (Male, London)

There was a range of acceptability of the amount of data collected by the system. On
one end of the spectrum, some participants noted that certain Al-supported functions
could convince them to share as much data as needed. This sentiment is exemplified by
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one participant who stated, “I personally would sign away any information you want to never
overheat at my desk again” (Male, London). This level of acceptability was in stark contrast
to other participants who said they do not want any data being collected or logged for any
more than immediate use by the Al system.

“I think not recording it would be good, as in, if [the system] just gives you live updates
and doesn’t store any of the data beyond five minutes. That would be really reassuring
cause then they can’t, you know, do anything with five minutes; well, you could, but five
minutes of data is not that much.” (Female, London)

Finally, participants imagined some other personal uses for data collected by an Al
system in the office setting. Some participants noted that having access to the accumulated
data or aggregate data reports could serve as a motivator to facilitate health behavior change
related to certain work productivity, stress responses, or postural outcomes that might
be monitored. These discussions were compared to similar existing technologies, such as
smartphone applications, smartwatches, and other wearable fitness devices. Participants
noted that these data could be used as positive reinforcement, or the system could gamify
those data reports to develop competition with co-workers.

3.3. Work Performance and Al

Throughout all conversations related to communication and big data, work-related
productivity emerged as a frequently recurring theme. Although moderators asked ques-
tions related to environmental factors and behaviors that could impact health and well-
being, the interview guide did not focus on productivity; however, discussions frequently
included this aspect of work performance. Participants indicated that they would like the
technology to support their productivity and that communication from the technology
should not interrupt their productivity in any way. Moreover, they indicated that Al should
not attempt to monitor or measure productivity, particularly given the complexity of mea-
suring work performance across different types of tasks and work contexts. Connections
between productivity and well-being in terms of work performance were also raised within
the focus group sessions.

Acknowledging the complexity and diversity of office work performance, participants
highlighted how an Al system could either hinder or enhance engagement. Preventing
negative effects on work performance was a priority for many participants, as was the
desire for an Al system to support focus and productivity. While participants were wary of
too much personal data being collected, a workstation that enhances productivity was a
motivating factor for allowing data collection. One participant stated, “I would definitely be
interested to know what times of day I had the highest productivity, and what I was doing for those
phases because I can try to integrate that in more of my day” (Female, Los Angeles). Participants
suggested different ways of surveying the worker and sensing the worker’s behaviors for
the system to understand work performance and enhance productivity. “I think you just
have to ask people. You'd have to be like, ‘Are you productive?’, set a score, then look at all the data
and say, ‘These are the trends that correlate to the highest productivity’” (Male, London).

While enhancing productivity was a desirable outcome of an Al system, participants
expressed reservations about whether productivity could accurately be assessed via ob-
jective, external measures. Behavior may not be a reliable indicator, as one participant
noted:

“That is a hard problem . .. you mentioned earlier, 'Oh, he stopped typing for a bit’; that
means you're thinking . .. which means he may be walking around, right? That seems
reasonable but, on the other hand, sometimes when thinking my best thoughts, I'm not
touching a computer. I'm just sort of staring into the void.” (Male, Los Angeles)

Another participant stated similarly, “unproductivity shows up differently in different
people ... cause when I'm trying to avoid my work procrastinating, I'll just be checking my emails
all day” (Female, London). This variability in understanding and measuring productivity
raised questions about whose perspective should be considered:
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“You have your own feeling, and then your boss has a feeling, and the company has a
feeling ... how you define a productive day. Is it that you read a few research papers and
you've taken in the information that helps you with tasks? Or is it that you've done 20
tasks and therefore you've had a productive day?” (Male, London).

Fundamentally, perceptions reflected the reality that work performance is most ac-
curately understood by considering interactions among physical, cognitive, psychologi-
cal, and contextual factors. Acknowledging this complexity of worker performance and
productivity, participants expressed interest in understanding the relationship between
performance and well-being. As summarized by one participant:

“I would be very interested in exploring the links between health and well-being and
productivity. For example, last week, a colleague of mine told me that there is a very
strong direct correlation between dehydration and lack of cognitive skills . .. . I read a
very interesting article in the Harvard Business review precisely about sitting desk vs.
standing desk . .. Those with a sitting desk were outperformed by 50 percent by those
with a standing desk. So, it suggests that there is a relationship between health and
well-being and productivity.” (Male, London).

3.4. Idealizations for Al in Office Workplaces

When asked to comment on a “dream workstation,” participants most frequently
identified technologies and environmental modifications that could be incorporated into
an Al system to optimize work performance. Of particular note, participants across all
focus groups discussed ways to minimize ambient noise (e.g., quieter keyboards, warn-
ing systems for loud co-workers). Participants who hot-desk spoke of Al data logging
and transfer that could support a seamless transition between workstations. There were
frequent suggestions from participants that an Al system should incorporate existing
technologies that support productivity (e.g., voice recognition, task tracking software) and
health (e.g., fitness trackers). Similarly, many discussions related to how an Al system
might use reinforcement, punitive, or mandatory processes to encourage health behaviors.
One participant suggested the use of mandatory muscle stretches to gain access to the com-
puter stating, “because I have tendonitis, I need to [stretch]. And [1 would be more compliant] if it's
forcing me to do it” (Female, Los Angeles). While a good motivator for an individual with
pain or other health conditions, others indicated mandatory solutions could be frustrating
to someone without any current health condition or discomfort. Many discussions focused
on the trade-offs between smart features that may support one goal but could detract from
other goals. For example, if an Al-enabled system could automatically refill a cup on the
desk with water, one participant immediately noted, “then you won’t go walk to get your
water” (Female, Los Angeles).

During idealization, conversations often moved to Al systems that extended beyond
the individual workstation or cubicle and instead were integrated into the building or
considered larger-scale approaches. Participants frequently noted the benefits of integrated
monitoring between the individual AI workstation and the building, such as knowing the
building’s temperature or the amount of lighting coming from a window versus overhead
lights. An individual Al workstation connected to the window blinds could automatically
adjust the amount of natural light relative to overhead or workstation lights. Integration
could also address concerns between individual workstations, such that sitting next to a
person with opposing preferences might not nullify the individual workstations’ effects, as
one person stated, “I don’t think your desk temperature is going to make that big of a difference.
You're just going to cancel each other out, you know?” (Female, Los Angeles). In three of the six
focus groups, participants raised concern regarding negative consequences, environmental
impacts, financial costs, and contextualized considerations for an Al system implemented
at the scale of an entire building. One particularly poignant comment noted that efforts by
an Al system to imitate nature within the indoor work environment would be wasteful
when all that is necessary may be a walk outside. However, this led to debate, as other
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participants pointed out that not everybody has access to a safe and pleasant environment
outside of the office building.

4. Discussion

In this study, we conducted focus group interviews to understand office workers’
perspectives on incorporating Al into the workplace as a means for improving environ-
mental conditions and providing behavioral support to improve office worker health and
well-being. Rich discussions highlighted the complexity of understanding individual needs
and preferences regarding Al in office settings. There remains much speculation and
caution of Al in society. Prior studies on acceptance of automation have demonstrated
that safety, benefits, compatibility, privacy, and trust were common factors that influence
acceptance [48,49]. These components were prevalent in our findings. We noted that
the acceptability of an Al system depends on the benefits to the individual outweighing
the potential detriments of a system that monitors and communicates with the user. In
particular, people who were already experiencing detrimental health effects from their
current work environments (i.e., tendonitis, back pain, lower cognition due to cold office
temperatures) were more open to a system requiring more worker engagement. Data
transparency and confidentiality, practical and concise communication, and control over
the system were common desires in an Al workstation that would increase acceptability
for introducing Al into office settings among the participants of this study.

Although the moderators initially inquired about using Al to support office worker
health and well-being, many groups found a connection between wellness and productiv-
ity, and many discussions of work performance emerged. These topics were particularly
prevalent when participants discussed communication between the user and the Al system.
In fact, participants emphasized the effect that the communication process might have on
work performance, rather than on the actual mechanism through which the communica-
tion would occur. Providing communications in an effective way and well-timed within
the individual work context is complex and requires careful consideration to ensure that
employees are able to maintain appropriate attention to their work and feel /be produc-
tive [50]. Our findings point to a need for Al not only to sense the office environment
and the position or posture of the worker but also to recognize and understand how the
worker is engaging in his or her work. In addition to appropriate timing, increased com-
munications from an Al system should be carefully considered, as the number and type of
communications a worker must manage throughout a workday can directly impact overall
worker well-being [51].

With projections of Al being increasingly used as autonomous support systems in
the workplace [35], there is a need to understand how incorporating an Al system may
affect work behavior. Machine learning has been applied to sense human activity through
wearable accelerometers to computer vision techniques [52,53]. However, office work
behavior is complex, and the process for understanding work performance through sensing
has yet to be developed or validated. As a foundation, it is necessary to analyze office
worker behavior to know how an Al system might effectively sense worker engagement to
support office work performance. Rather than viewing the person and their environment
as separate entities, a transactional perspective that focuses on the interplays among
the worker, technologies, and workplace environment would be a useful approach for
developing such workplace Al solutions [54]. This type of approach would be beneficial
in the ongoing training of an Al system that must learn and change based on the user to
achieve the ultimate goal of altering a worker’s behaviors [55].

In addition to the benefits to worker health and well-being, developing effective au-
tomation within office environments may have broader organizational and environmental
benefits. Of importance at an organizational level are opportunities to improve the financial
bottom-line due to increased worker satisfaction and well-being and decreased absenteeism
or presenteeism, all of which can lead to increased performance and productivity [56]. In
particular, automation has been shown to save energy and lower operating costs [57,58].
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Participants in our focus groups briefly mentioned ways in which Al incorporated at
individual workstations may be able to connect to adjustments at the building level that
could benefit all workers and energy costs (e.g., automated adjustment of window cov-
erings). In addition, Al systems integrated into individual workstations could turn off
lights, personal comfort devices, and other electronic devices when the presence of the
worker is not noted as a means of conserving energy [42]. Future study is needed to explore
the transactions that occur among a worker, the workspace, and an Al system to better
understand these interplays and the implications of worker health, work performance,
and other organizational or environmental impacts within future office work contexts [26].
Such a multifaceted approach could result in robust, efficacious workplace worker health
solutions [20,34] with additional far-reaching benefits.

Findings of this study should be considered with multiple limitations in mind. These
focus groups were conducted as part of a broader study examining the development of an
Al-enabled office workstation to enhance office worker health and productivity. While open
discussions were encouraged, focus group questions were framed around relevant topics
of interest in the broader AI development project, which may have limited participants
from suggesting ideas or discussing issues that diverged from the study’s focus. Although
we did compare discussions by the employer and geographic location, we did not collect
detailed demographic information of our participants beyond their sex. As such, we were
not able to conduct any robust analysis of other individual worker characteristics (e.g.,
age, health status). To minimize potential respondent bias, no individuals with knowledge
of the specific research study aims or individuals with a direct working relationship to
the moderators were included in the focus groups. However, due to network sampling,
many participants worked in jobs that involved research and engineering, potentially
making them more open to new technologies than other contemporary office workers. It is
not clear if users less familiar with Al solutions or working in office settings that are not
accustomed to research and development would share these perspectives and preferences.
Moreover, the specific findings reported by these workers may not translate to workers in
other countries, regions, or cultures.

5. Conclusions

In this study, we explored office worker preferences for incorporating Al into the office
workspace. Our findings indicate there is a wide range of individual preferences and areas
of concern. While likely beneficial for improving healthy and productive engagement in
the workplace, rich discussions among office workers demonstrated how the acceptability
of Al within an office setting is complex and affected by the person, the work, and the
organizational context. The key components that emerged from focus group interviews
were preferences around data security, communication with the system, and impact on
work performance and productivity. Future studies should explore trust in technology and
work performance related to Al systems to offer further insight into designing Al systems
within office settings to support work performance and worker well-being.
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Appendix A

Focus Group Interview Guide.

Introduction, Moderator Statement: We are looking at opportunities around making
the work environment healthier for people. For example, there might be an artificial intelli-
gence (Al) system that asks you to do healthier things like change the office temperature,
change the room lighting, improve your posture, or change your position from sit to stand.
We will use this data to inform the development of such technology. We ask you not share
anything that is said as part of this focus group outside the room. To start things off, could
you each please tell us a little bit about yourself, your role at [Arup, USC], and what your
office set-up looks like.

Feedback Options, Moderator Statement: Imagine there was Al in your office workspace.
This Al could help manage things in your office to help you be healthier and more comfort-
able. It might change the office temperature, change the room lighting, ask you to change
your posture or position at the desk. How might you like the Al to provide feedback to
you or ask you about these changes?

Follow-up prompts:

e If not mentioned or respondents need examples, ideas mention: phone notification,
pop-up on the computer screen; vibration/buzzer on the desk; blinking lights on the
desk; notifications on a different dedicated screen placed on the desk (like a tablet);
a virtual agent who you can talk to that might appear on multiple mediums (e.g.,
computer monitor, phone, computer, tablet).

e  Regarding changes to the environment (e.g., lighting, temperature, noise) would you
prefer that the system ask or automatically adjust the environment based on what it
thinks you need or prefer without requesting feedback? For example, turning on a fan
when you might be too warm, turning on a space heater when you might be too cold,
adjusting the lights or monitor brightness when you are squinting or there is glare
from an outside source;

e Regarding posture or position changes, would you prefer feedback or for the Al to
automatically make changes to the workstation? For example, raising the desk when
you’ve been sitting too long, raising or tilting the monitor when you are looking up or
there is glare from an outside source;

Which feedback options that we’ve talked about do you like the best? Least? Why?
Are there any additional problems you can think of with the feedback options? Addi-
tional benefits?

Sensing Options, Moderator Statement: To be able to make intelligent suggestions
regarding the environment (e.g., lighting, temperature, noise) and your behaviors (e.g.,
posture, positioning), the Al would also need to sense things about your health, like your
body temperature or muscle tension, and the way in which you are positioned or engaging
at your workstation. We would like to hear your thoughts about how and Al system might
obtain these data, consider sensors that you might wear or that might be placed at the
workstation to monitor your health. What kinds of sensors that you know of would you
feel most comfortable with?
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Follow-up prompts:

e If not mentioned or respondents need examples, ideas include: a smart watch or
fitness tracker; thermal cameras on the desk (no pictures; no identifiable info); Kinect
camera or webcam to identify postures or activities; muscle activation sensors (e.g.,
EMG electrodes); light sensors; occupancy sensors to detect if the desk is used or not;
sensors on peripheral devices connected to the desk or workstation;

Which of these sensor options that we’ve talked about do you like the best? Least? Why?
Are there any additional problems you can think of with the sensor options? Addi-
tional benefits?

Other Features and Capabilities, Moderator Statement: An Al system in your workspace
could also have additional features and capabilities that go beyond adjusting the envi-
ronment or promoting healthy posture or positioning. If it could include anything you
might image, we would like to know what kinds of features or capabilities you would like
for an Al system to have. We are most interested in ways in which an Al system could
address problems and unmet needs in your work environment. What other problems or
unmet needs can you think of in your work environment, and what kinds of features or
capabilities in an Al system might help?

Follow-up prompts:

e If not mentioned or respondents need examples, ideas include: appointment, meeting,
or important deadline reminders; acts as a personal assistant (e.g., orders lunch, makes
reservations, auto-replies to e-mail requests); plays your favorite music to cheer you
up you are down; playing calming music when you are stressed;

e  Which of the features or capabilities that we’ve talked about do you like the best?
Least? Why?

e  Are there any additional problems you can think of with these features? Addi-
tional benefits?

Conclusion, Moderator Statement: We have talked about a lot of ideas related to
how an Al system could be incorporated in your office workstation to promote health and
comfort, including options for the system to provide feedback, ways such a system could
sense your health or needs within the environment, and your ideas for other things that
you might want an Al system to do. Does anyone have any final comments or ideas across
any of these areas before we conclude?
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