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ABSTRACT

Prior research has designed and evaluated Voice Assistance (VA)
for different settings such as the home, school, and public spaces.
Office environments have been relatively understudied, leaving a
gap in understanding the essential factors for designing a VA specif-
ically for work settings. In this study, we developed the WorkFit
VA specific for the office environment, focusing on the health and
well-being of knowledge workers. WorkFit was designed to monitor
knowledge workers for sedentary behavior, inconsistent hydration,
and stress, and to deliver proactive voice interventions followed by
a health recommendation to mitigate those issues. We evaluated
WorkFit in a field study with 15 knowledge workers for 5 working
days. In the study, we determined challenges and opportunities for
voice interactions in work settings. We identified contextual factors
for identifying inopportune moments for voice interactions in an
office setting. We found that 92% of knowledge workers accepted
WorkFit’s hydration interventions while 79% of them engaged in
walking breaks. Moreover, breathing exercises recommended by
WorkFit significantly stabilized the heart rate of knowledge work-
ers during stress. Based on our findings, we propose five design
recommendations for the development of VA customized to office
settings.
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1 INTRODUCTION

VA has become pervasive, comprising numerous applications, such
as search, shopping, social media, and travel, that offer varying
forms of conversational interactions. Leveraging Large Language
Models (LLMs), voice assistance exhibits human-like qualities, ap-
pearing more persuasive, empathetic, and intelligent. As VA ex-
pands across different contextual settings, including homes [1, 31],
schools [22], in-vehicle [46] and public spaces [29, 32], it is also
essential to study how VA can be integrated into the office setting.
Knowledge workers are often involved in tasks demanding sub-
stantial cognitive effort within their fields. As a result, it becomes
crucial for VA to take into account the availability of knowledge
workers and respond appropriately. Developing VA in work envi-
ronments is challenging due to the formal nature of work settings.
This formality presents a challenge for VA in terms of understand-
ing and following workplace rules when intervening.
Conversational user interfaces (CUIs), comprising text, audio,
and virtual assistance have demonstrated potential in promoting
physical activity [5, 43] and mental well-being [10, 12]. CUIs can
help to improve a person’s health and well-being and their likeli-
hood of reaching a desired health-related goal. Previous literature
has found that knowledge workers desire assistance to support
them for health and well-being at the workplace [2]. As office
workers often spend the majority of their workday sitting [28],
encouraging physically active breaks is particularly important for
them. Moreover, work environments have been associated with
health issues like hypertension and heart disease [35]. Addition-
ally, studies have highlighted the adverse effects of dehydration
on cognitive functions and mood during work [21]. Hence, it is
crucial for knowledge workers to engage in physical activity, man-
age stress, and maintain consistent hydration during work hours.
This presents an opportunity for proactive VA to assist knowledge
workers in maintaining their health and well-being during work.
To investigate the usability of VA in office settings and gain
insights for developing VA suitable for the office use, we created
the WorkFit VA. It delivers proactive voice interventions to remind
knowledge workers about sedentary behavior, hydration, and stress.
WorkFit continuously monitors sedentary time, water intake, and
heart rate, triggering voice interventions upon detecting irregulari-
ties. Additionally, it provides health recommendations to address
these issues. In a field study, we assessed WorkFit’s performance
with 15 knowledge workers over a period of 5 days (40 hours per
participant) within their workplace.
During the assessment, we found the challenges in designing VA
for office settings include lack of agency, identifying inopportune
moments, ensuring privacy, and maintaining non-intrusiveness
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towards colleagues. On the positive side, deploying VAs in office
settings demonstrated benefits such as awareness and reflection
on unhealthy behavior, effectively capturing user attention, and
facilitating dual-task interactions. Additionally, we identified four
essential factors influencing the determination of inopportune mo-
ments in office settings: emotional and cognitive availability, social
context, shared locations, and user activity. Of the health recommen-
dations delivered by WorkFit, 92% of the hydration interventions
and 79% of the break suggestions were accepted by knowledge
workers. The ‘4-7-8 breathing exercise, recommended by WorkFit,
was able to ameliorate high heart rates in 30 s and low heart rates in
10 s. Based our findings, we put forth five design recommendations:
empowering users with agency, giving precedence to user privacy
during interaction, prioritizing interventions, adhering to office
etiquette, and considering the user’s social context, location, and
availability.

In this study, our contribution is as follows: (1) We present the
WorkFit system, which provides VA for the health and well-being
of knowledge workers in office settings. (2) We determine the chal-
lenges and advantages of deploying VA in the office environment.
(3) We identify four contextual factors that are essential for deliver-
ing proactive voice interventions within the office context. (4) We
investigate whether our health recommendations were effective in
mitigating sedentary behavior, stress, and inconsistent hydration
of knowledge workers. (5) Lastly, we propose five design recom-
mendations for developing VA for work settings.

2 RELATED WORK

We review papers on proactive interventions and opportune mo-
ments in CUIs. Further, we discuss how CUIs have been used for

health and well-being.

2.1 Proactive Interventions and Opportune
Moments in CUIs

Proactive interventions are most effective when delivered at op-
portune moments, enhancing user engagement and avoiding user
dissatisfaction. These favorable instances are termed “opportune
moments” [7, 42]. Conversely, instances that may lead to user an-
noyance and result in minimal or no engagement are identified as
“inopportune moments”” In formal environments like offices, identi-
fying inopportune moments is vital as proactive interventions can
prove costly for users. Hence, it is crucial to refrain from delivering
voice interventions during inopportune moments to prevent user
annoyance.

Proactive health reminders have proven beneficial for urgent and
critical issues [5, 36, 43]. However, proactive interruptions can also
create problems in multi-party conversations, informal meetings,
and social meetings. Proactive smart speakers have been applied
successfully in the domain of healthcare. Active reminders via smart
speakers, based on different types of triggers, like time and health
sensor data have helped users.

In a study, Reicherts et al. [31] investigated the factors that influ-
ence user perception of proactive smart speakers. They found that
users felt inappropriate when conversational agents interrupted an
ongoing conversation. They also found that the timing and content
of proactive interactions were important factors in determining
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users attitudes towards them. Additionally, the frequency of proac-
tive interactions was found to have a negative impact on users
attitudes.

To estimate the opportune moments for voice information ser-
vice without disturbing users activity Komori et al. [16] developed
a prototype that could detect user activity transition based on user
location, body movement and ask them about the acceptability
of notification at a particular moment. They found that notifica-
tions are more acceptable with participants are at bed, while eating,
performing household chores, and while working. Similarly, to
determine opportune moments for proactive conversational inter-
actions in domestic settings Cha et al. [8] conducted a study with
40 participants. They concluded that opportune moments are de-
pendent on user busyness, complexity of the primary task, user
mood, and social availability. They found that opportune moments
for smart speaker interaction are those when users are engaged in
repetitive activities that require low attention.

With the aim of investigating interaction errors in proactive
smart speakers, Wei et al. [45] used the experience sampling method
to identify the types of errors that occur in proactive smart-speaker
interactions, as well as to find strategies that users apply to tackle
those errors. They found that interaction errors can negatively im-
pact the user experience. Further, interaction errors increase the
user burden and discourage them from performing further interac-
tions. In another study, Wei et al. [44] found that the availability
of participants for a conversation was higher when they were per-
forming entertainment tasks rather than work or study tasks. The
self-reported score of boredom and mood were found significantly
correlated with participant’s availability.

Zargham et al. [48] depicted storyboards of scenarios to users
to understand the user perception of proactive smart speaker in-
terventions in everyday situations. The authors considered eight
day-to-day scenarios for the interviews. Participants stated that
proactive interventions related to health are valuable to them.

2.2 CUIs for Supporting Health and Well-Being

Conversational agents have been investigated in workplace re-
flection and well-being. Kimani et al. [13] introduced the ‘Amber’
CA, specifically designed to promote well-being and productivity
among knowledge workers. This CA effectively supports multiple
work-related objectives, such as providing break reminders, min-
imizing social media distractions, and facilitating task reflection.
Similarly, Ahire et al. [2] identified knowledge workers expecta-
tions regarding conversational agents. Knowledge worker desired
a CA that could assist them for health-oriented breaks and prevent
distractions. The authors developed the ‘Ubiquitous Work Assis-
tant’, comprising a stationary CA intended for the user’s work desk
and a wearable CA fixed to the user’s wrist.

The ‘“Woebot’ [10] chatbot demonstrated its efficacy as a text-
based conversational agent by supporting cognitive therapeutic pro-
cesses and reducing depression and anxiety among students. Lee et
al. [18] investigated the role of chatbots in fostering self-compassion.
Their study resulted in increased self-compassion through chatbot
interaction. While previous studies have explored the use of CAs
in office settings, it is worth noting that Kocielnik et al. [14] specif-
ically examined the use of a voice interface in an office context.
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However, the authors permitted participants to interact with the
voice interface in a quiet room or away from their desk. There-
fore, it is unclear how proactive health-oriented voice interventions
perform in an office environment during work tasks.

3 WORKEFIT DESIGN AND DEVELOPMENT

While VA has proven beneficial in delivering health reminders
across various contexts and user groups, its suitability for delivering
such reminders in office settings of knowledge workers remains
uncertain. Thus, our research aims to address the following key
questions:

o RQ1: What challenges and benefits are associated with the

deployment of VA in an office environment?
To develop VA that is adapted to office settings, it is impor-
tant to understand the distinctive features that VA offers,
compared to other modalities. Furthermore, it is essential
to identify issues that arise when deploying VA in office
settings.

e RQ2: Contextual Factors for Determining Inopportune Mo-

ments for Voice Assistance?
Delivering proactive interventions during inopportune mo-
ments can incur high error costs for users. To avoid this, it is
crucial to identify contextual factors that play a role in deter-
mining inopportune moments. These factors should be taken
into account when delivering proactive voice interventions.
Previous literature has shown that not taking into account
contextual factors can lead to user disengagement and frus-
tration [4, 26]. However, considering contextual factors can
help VA to deliver interventions that are timely, relevant,
and actionable.

o RQ3: Did WorkFit’s health recommendations prove effective in
mitigating health concerns and encouraging healthy behavior?
Studying the effectiveness of VA in delivering health-based
interventions within office settings is crucial. It is essential
to determine whether knowledge workers actively engage
with voice recommendations or if they ignore them. More-
over, it is important to investigate whether the health recom-
mendations by WorkFit effectively foster behavior towards
improving health and well-being.

3.1 Design Choices

We systematically and purposefully made decisions that align with
our research questions.

3.1.1 Health and Well-Being Apps. Previous studies have shown
that knowledge workers express a desire for VA to assist them in
managing health and well-being issues [2]. We hypothesized that
knowledge workers would be more likely to assess an application
designed to support their health and well-being specifically in the
context of their office work environment. Drawing insights from
existing literature, we identified three prevalent health concerns
among knowledge workers at their workplaces: sedentary behavior
[33, 40], hydration [2, 27, 39], and stress [9, 47].

Coping exercise with a defined goal. Existing research highlights
the success of goal-based interventions in motivating users to en-
gage in activities [6]. Our objective was twofold: not only to detect
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and deliver health and well-being interventions but also to suggest
coping exercises to address these issues. We chose to suggest coping
activity as a health recommendation for each intervention. These
coping activities need to be actionable and feasible within the work
environment, enabling easy execution for knowledge workers. Fur-
thermore, each suggested activity should include a time-based or
performance-oriented goal.

Stress. Controlled slow breathing exercises, like the ‘4-7-8 tech-
nique’, offer benefits for relaxation, heart rate regulation, and blood
pressure management [20, 34]. This technique, also known as
pranayama, is an ancient yogic practice that triggers the parasym-
pathetic state, promoting rest and relaxation. The exercise involves
three steps: (1) Inhale for 4 seconds, (2) hold breath for 7 seconds,
and (3) exhale for 8 seconds. To ensure sufficient impact, we recom-
mended performing the ‘4-7-8” breathing exercise for a duration of
2 minutes.

Sedentary behavior. Walking offers substantial long-term health
benefits, especially after prolonged periods of sitting [40]. As a
simple and effortless activity, walking is particularly suitable for
knowledge workers in office settings. To accommodate the office
environment’s constraints, we suggested a goal of minimum of 20
steps per sedentary break.

Inconsistent Hydration. To tackle inconsistent hydration, we re-
quested knowledge workers to drink a cup of water during each
intervention. A daily intake of 15.5 cups of water is recommended
[11, 15], with each cup being about 250 ml. To achieve this goal
during the active sixteen hours of the day (excluding eight hours of
sleep), a rate of one cup per hour is advisable, hence our reminder
for one cup every 45-minutes.

3.1.2  Conversation Design. When designing the conversational
strategy of WorkFit we decided to adhere to the following three
principles: (1) User-centered dialogue: Our aim was to consider a
user-centered approach and allow knowledge workers to flexibly
act upon the interventions. When occupied with a task, it should be
possible for the user to decline the given health recommendation
and to postpone the recommendations. (2) Reflect: Moreover, our
aim was to make users reflect on their unhealthy behavior when
they declined a recommendation. During the reflective conversa-
tion, WorkFit should highlight the importance of healthy behavior.
(3) Motivate: While performing the health recommendation, Work-
Fit should update the knowledge worker about their progress and
give a motivational message regarding their goal.

3.1.3  Smartwatch. We chose to use smartwatches due to their
health monitoring and interaction capabilities, driven by factors
such as: (1) Availability of physiological sensors: Smartwatches offer
real-time physiological measurements through built-in sensors. (2)
Proximity: The close proximity of a smartwatch to its user enhances
its efficacy in capturing attention and increasing user engagement.
(3) Multi-modality: Smartwatches enable multi-modal interactions,
including graphical, spoken, and tactile output, allowing users to
engage through diverse modalities. For the development and de-
ployment of WorkFit, we selected Samsung Galaxy Watch4!

Uhttps://www.samsung.com/global/galaxy/galaxy-watch4/specs/
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®® Heartbeat; 73
# Last step taken: 4 min ago
Last water cup: 7 min ago
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1l Breaks today: 2
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A Steps today: 166

o Water cups today: 0 /6

(c) Summary screen (d) Voice interface screen

Figure 1: Screens of the WorkFit graphical interface.

3.2 Development

We developed WorkFit as an Android app for the smartwatch. For
accurate monitoring, WorkFit accesses the heart rate and accelerom-
eter sensors of the smartwatch. WorkFit’s graphical interface com-
prises four screens: Start (Figure 1a), Main (Figure 1b), Summary
(Figure 1c), and Voice Interface (Figure 1d). At the beginning of the
work day, the knowledge worker presses the start button on the
Start screen (Figure 1a), which activates the timers for sedentary
behavior and water intake. The Main screen (Figure 1b) displays
key data: ‘Heartbeat’ (updated every second), ‘Last step taken, and
‘Last water cup’, which are updated every minute. This screen also
features ‘Back’ and ‘Stats’ buttons. ‘Back’ concludes the work day,
while ‘Stats’ provides overall work day details.

The Summary screen (Figure 1c) shows daily statistics: ‘Breaks to-
day, ‘Warnings today, ‘Steps today, and ‘Water cups today. ‘Breaks
today’ presents the number of breaks taken, ‘Warnings today’ dis-
plays number of heart rate warnings, ‘Steps today’ shows the foot-
step count, and ‘Water cups today’ reveals the number of water
cups consumed. A back button returns to the main screen.

The voice interface screen (Figure 1d) appears when voice input
is needed. Knowledge workers interact with WorkFit using this
screen. The interface has basic buttons: a backspace button for fix-
ing mistakes, a send button to confirm, and a microphone icon for
voice input. We adhere to Google’s Conversational Design guide-
lines? and the guidelines of Murad et al. [23] to create voice-based
conversations.

3.2.1 Sedentary Behavior Intervention. To automatically track seden-
tary behavior of the knowledge worker, WorkFit relies on accelerom-
eter sensor readings using class “TYPE_STEP_DETECTOR’3. Work-
Fit monitors activity and inactivity of the knowledge worker based
on the readings provided by the step detector. The ‘Last step taken’

Zhttps://developers.google.com/assistant/interactivecanvas/design
3https://developer.android.com/reference/android/hardware/Sensor/#TYPE_STEP_
DETECTOR
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(a) Step count during a walk- (b) Water intake animation.
ing break.

Figure 2: Visualization of step count and water intake anima-
tion.

timer starts when WorkFit detects user inactivity. This timer incre-
ments until a footstep is detected by the step detector (as shown
in Figure 1b). After 60 minutes, WorkFit initiates a voice-based
intervention, as described in Table 1. When the user confirms the
break, WorkFit prompts the user to take 20 steps (Figure 2a). If a
footstep is detected before achieving 60-minute sedentary counter,
the timer resets automatically.

Table 1: Example voice interaction for sedentary break inter-
vention.

Scenario 1: User Takes a Break

WorkFit (Voice): You haven’t moved for a while. How about
taking a break? Say yes to confirm.

User: Yes.

WorkFit (GUI): Displays the number of steps performed by the
user and the goal of 20 steps (see Figure 2a).

WorkFit (Voice, after 10 steps): You have completed half of
the steps. Keep moving.

WorkFit (Voice, after 20 steps): Well done! You completed
the 20 steps.

Scenario 2: User Delays or Declines the Break

WorkFit (Voice): You haven’t moved for a while. How about
taking a break? Say yes to confirm.

User: No.

WorkFit (Voice): Do you want to delay your walking break?
If yes, for how many minutes? Otherwise, please say No.

User (Positive answer): 10 minutes.

User (Negative answer): No.

WorkFit (Voice): It is important to take breaks!

Following our conversation design principles, in the sedentary
behavior intervention conversation (Table 1), we offered knowledge
workers a choice to accept, delay, or decline the health recommen-
dation. If the knowledge worker would like to postpone the break,
then WorkFit asks for waiting time (in minutes) before it deliv-
ers the intervention again. If the knowledge worker declines the
interventions, WorkFit gives information that allows the worker
to reflect on their sedentary behavior. It does so by highlighting
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the importance of taking breaks. If the knowledge worker accepts
the intervention and starts performing the health recommendation
by walking, then after completing 10 steps, WorkFit VA delivers a
motivational message and requests to keep going. After completing
the 20 steps, it will update the user about the completion of the
exercise.

3.2.2 Hydration Intervention. WorkFit triggers a hydration voice
intervention every 45 minutes. It begins with a voice reminder
(as shown in Table 2), followed by a request message to confirm
after two minutes. If the knowledge worker cannot drink water
immediately, perhaps due to an empty bottle or due to being away
from their desk. In this case, WorkFit gives them an option to post-
pone the intervention for a specific time. If the knowledge worker
declines to postpone the intervention, it will deliver a reflective
message highlighting the importance of drinking water. On the
other hand, if the user accepts the intervention and drinks a cup of
water, WorkFit acknowledges the user and reports the total water
intake for the day (see Figure 2b).

Table 2: Voice interaction for hydration intervention

Scenario 1: User Drinks Water

WorkFit (Voice): It’s time to drink a cup of water.

WorkFit (Voice, after 2 minutes): Did you drink a cup of
water?

User: Yes.

WorkFit (Voice): Well done! You’ve already had x glasses of
water. (WorkFit plays water animation, see Figure 2b).

Scenario 2: User Delays Drinking

WorkFit (Voice): It’s time to drink a cup of water

WorkFit (Voice, after 2 minutes): Did you drink a cup of
water?

User: No.

WorkFit (Voice): Do you want to delay your drinking break?
If yes, for how many minutes? Otherwise, please say no.

User (Positive answer): 10 minutes.

WorkFit (Voice): Your water drinking break has been delayed
by 10 minutes.

WorkFit (Voice, 10 minutes later): Would you like to drink
water now?

WorkFit (Voice, 2 minutes later): If you drank a cup of wa-
ter, please say yes.

User: Yes.

User (Negative answer): No.

WorkFit (Voice, if no): It is important to drink water while
working!

3.2.3 Stress Intervention. To monitor the knowledge worker’s heart
rate, we use the heart rate sensor available in the smartwatch. We
fetched heart rate reading using the class “TYPE_HEART_RATE™.
We monitored the heart rate reading every second and displayed it

“https://developer.android.com/reference/android/hardware/Sensor/#TYPE_
HEART _RATE
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on the interface (see Figure 1b.) A standard resting heart rate for
adults typically ranges between 60 and 100 bpm [19, 25]. WorkFit
activates the ‘high heart rate’ warning when the heart rate exceeds
105 bpm. Correspondingly, the ‘low heart rate’ warning appears
when the heart rate falls below 55 bpm. When any of these warnings
are triggered, users are prompted to perform the ‘4-7-8 breathing
exercise’ to regulate their heart rate back to a healthy resting range.

Following our conversation design principles, when users con-
firm their intent to perform the breathing exercise, WorkFit initiates
the guidance process (Table 3). It is depicted by an animation consist-
ing of a contracting and expanding bubbles, replicating the inhale
and exhale of breathing (Figure 3). Throughout the voice guidance,
graphical cues are provided as follows: during the 4-second inhale
phase, the label ‘Inhale’ (Figure 3a) is displayed. During the 7-second
breath-hold phase, the label ‘Hold’ (Figure 3b) is displayed. While
exhaling, the label ‘Exhale’ (Figure 3c) is shown. The complete
exercise comprises two cycles of these stages. The whole breath-
ing exercise lasts 120 seconds. WorkFit initiates the conversation
concerning the breathing exercise upon the occurrence of high or
low heart rate warnings, as illustrated in Table 3. If the knowledge
worker declines performing the breathing exercise, it provide the
option of postponing the breathing exercise.

Table 3: Voice interaction during high/low heart rate warning

Scenario 1: User Accepts the Breathing Exercise

WorkFit (Voice): Your heartbeat is too high/low. Would you
like to perform a breathing exercise? If so, please say yes.

User: Yes.

WorkFit (Voice): The name of this breathing technique is 4-
7-8. This exercise takes two minutes.

WorkFit (Voice): The exercise starts now. Breathe in through
your nose for 4 seconds. (The animation for inhale is shown,
see Figure 3a.)

WorkFit (Voice): (Counts down 4 seconds.)

WorkFit (Voice): Hold your breath for 7 seconds. (The anima-
tion for holding the breath is shown, see Figure 3b.)

WorkFit (Voice): (Counts down 7 seconds.)

WorkFit (Voice): Exhale for 8 seconds. (The breathing anima-
tion for exhale is shown, see Figure 3c.)

WorkFit (Voice): (Counts down 8 seconds.)

WorkFit (Voice): We completed the first cycle. Now, we will
perform the second cycle of the breathing exercise.

Scenario 2: User Delays the Breathing Exercise

WorkFit (Voice): Your heartbeat is too high/low. Would you
like to perform a breathing exercise? If so, please say yes.

User: No.

WorkFit (Voice): Do you want to delay your breathing exer-
cise? If yes, for how many minutes?

User: 10 minutes.

WorkFit (Voice): Your breathing exercise has been delayed by
10 minutes.

WorkFit (After 10 minutes): Let’s start the breathing exer-
cise. (WorkFit starts the breathing exercise.)
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(a) Step 1: Breathing
in for 4 seconds.

(b) Step 2: Holding
breath for 7 seconds.

(c) Step 3: Exhaling
for 8 seconds.

Figure 3: Graphical guidance animations for the ‘4-7-8
breathing exercise.

4 PILOT STUDY

Following the creation of the WorkFit VA, we conducted an evalua-
tion over five working days, involving five lab members to identify
technical, usability, interaction, and deployment issues. In the lab
deployment, we discovered that WorkFit voice interventions inter-
rupted lab members during their scheduled meeting.

4.1 Learnings from the Pilot Study

In feedback, lab members emphasized that meetings are inappro-
priate moments to deliver a voice intervention. Voice interventions
during a meeting were regarded as unprofessional and distracting
by knowledge workers. They stated that WorkFit should not in-
terrupt them during an inopportune moment, such as in meetings.
Delivering a well-being related or health-related voice message
during an inopportune moment was regarded as particularly em-
barrassing by the participants of the pilot study. Thus, there is a
high cost related for WorkFit to deliver voice messages in such
moments.

4.2 WorkFit Interaction at Inopportune
Moments

During inopportune moments WorkFit will not deliver a proac-
tive voice intervention. Instead, WorkFit delivers a combination of
graphical user interface (GUI) and vibration notification (as shown
in Figure 4). A combination of GUI and vibration intervention was
designed to consume minimal user attention during an inopportune
moment. To consider an inopportune moment during work, partici-
pants of the field study were asked to add an inopportune moment
to their Google calendar. Before delivering a voice intervention,
WorkFit checks the calendar events.

During an intervention at an inopportune moment, upon select-
ing ‘Yes’ as an option (Figure 4), depending on the intervention
WorkFit displays the screen shown in Figure 2a or 2b to display the
goal. On selecting ‘No, the interface switches to the main screen.
WorkFit will again remind the user in the next intervention. When
WorkFit detects a high/low heart rate condition, it notifies the user
with a warning in graphical form accompanied by a vibration. As a
breathing guide, WorkFit displays the graphics only (see Figure 3).

5 FIELD STUDY

To assess WorkFit’s effectiveness in supporting knowledge workers
within their work context, we conducted a field study. We carried
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Would you ke to perform a
breathing exercise?

(a) Heart rate warn- (b) Break interven-
ing tion

(c) Hydration inter-
vention

Figure 4: Graphical plus vibration interventions during an
inopportune moment.

out a total of 75 days of field study, with each user spending 5 work
days (40 hours) participating.

5.1 Participants

Through advertising on the university’s online notice board, What-
sApp groups, and student forums, we received 38 applications for
the experiment. Selecting based on profession, voice interaction
experience, concern about sedentary behavior and inconsistent hy-
dration, and prior health monitoring experience with smartwatches
or smartphones, we selected a cohort of 15 participants (11 male,
4 female). All participants were knowledge workers, working a
self-reported average of 9 hours daily (SD = 5 hours). Their ages
ranged from 23 to 33 years (M = 26.6, SD = 2.9). Professions included
software engineers, researchers, and machine learning engineers.
The participant’s information and their experience with VUIs is
described in Table 4. As participants spent a number of days work-
ing from home each week, we granted them flexibility to evaluate
WorkFit in both their home office and professional office settings.
As compensation, participants received €25 Amazon vouchers at
the study’s conclusion.

5.2 Method

We invited participants to the lab for the orientation session. We
briefed the participants about our objectives, data collection pro-
cedures, and data processing specifics. The participants were first
asked to complete a consent form and then proceeded to fill out the
pre-study form (outlined in section 5.2.1). We connected the mobile
phones of the participants to a Samsung Galaxy Watch4, followed
by a demo and training them on interacting with WorkFit. The
participants were instructed to start WorkFit at the beginning of
each workday and to end it at the day’s conclusion. To identify inop-
portune moments, we requested participants to add placeholders in
the Google calendar representing office events, such as, meeting 1,
meeting 2 and so on. Finally, we requested that participants utilize
WorkFit daily, while working from home or in the office.

5.2.1 Pre-Evaluation Questionnaire. The pre-study questionnaire
was administered using an online survey to gain insights into partic-
ipants backgrounds. In total, the pre-study questionnaire consisted
of 15 questions focusing on age, profession, gender, work habits,
voice interaction familiarity, health priority during work, break
frequency, water consumption, experience with fitness tracking
tools.
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Table 4: Participant Information

Participant ID Gender Profession

Experience with VUIs

Uo1 F Researcher

Uo2 F Software developer

Uo03 M Coding and testing

Uo4 M Simulation Engineer

uo5 F Data analyst

U06 M Researcher

vo7 M Software Engineer

uos F Computer Engineer

uo9 M Researcher

U10 M Researcher

U11 M Machine learning Engi-
neer

U12 M Software engineer

U13 M Software engineer

U14 M Software Developer

U15 M Researcher

No experience with VUIs.

Regularly uses Alexa and Google Assistant smart speakers for various tasks.
No experience with VUIs.

Utilizes Google Assistant primarily for reminders and internet searches.
Has beginner-level experience with VUIs.

Uses Alexa for entertainment purposes and Siri for hands-free interaction.
No experience with VUIs.

Uses Google Assistant and Alexa frequently to check weather, news, and search
for information.

No experience with VUIs.

Relies on Siri for setting schedules and searching for information.

No experience with VUIs.

Uses Google Assistant mainly for setting up reminders.
Interacts with Alexa for various tasks.

Uses Alexa primarily at home.

Occasionally uses Siri and Google Assistant for navigation.

5.2.2  Daily Questionnaire. Participants evaluated WorkFit over
five consecutive workdays and completed a daily questionnaire
at the end of each day. We created the questionnaire aiming to
capture their overall daily experience, encompassing user inputs,
impressions, and suggestions. The daily questionnaire facilitated
the identification of their preferences, dislikes, inopportune in-
stances, and improvement suggestions. Additionally, participants
provided subjective assessments of break interventions, water in-
take prompts, and breathing exercises. They rated WorkFit’s utility,
helpfulness, and satisfaction on a scale of 1 to 10.

5.2.3 Post-Evaluation Questionnaire and Interview. After the longi-
tudinal study, participants were asked to complete a post-evaluation
survey to capture their overall user experience. The survey inquired
about app usage positive and negative experiences with WorkFit as
a workplace conversational interface, and subjective evaluations of
heart rate warnings, water intake, and break intervention accuracy
based on their physiological conditions. Additionally, participants
were encouraged to provide suggestions for enhancing the next
version of WorkFit. The semi-structured post-evaluation interview
centered on participant’s insights gathered from their responses
to the daily questionnaire. On an average, the interview lasted for
45 minutes. In the interview, the participants were probed with
respect to the overall user experience, daily usage, preferred fea-
tures, factors for voice interaction, behavioral adaptations during
interaction and contextual awareness during events

Post-study interview audio recordings were transcribed and
coded. The coding process involved generating codes to capture
the data’s essence and represent its concepts and ideas. Inductive
thematic analysis was used to identify emerging themes. Patterns,
similarities, and connections between codes were then identified to
delineate distinct themes. Each theme was defined and labeled de-
scriptively. To ensure rigor, the second and third authors conducted
independent cross-checks on the identified themes [17].

6 RESULTS

Quantitative and qualitative findings are described with respect to
the research questions stated above (section 3). We describe the
challenges and benefits for designing and developing VA in work
settings. We report contextual factors for identifying inopportune
moments. Lastly, we focus on assessing the effectiveness of WorkFit
recommendations. In a total of 75 days of field evaluation, WorkFit
delivered in total 394 voice interventions. Participants assessed
WorkFit in the office setting for a total of 54 days and at home for
21 days.

6.1 What challenges and benefits are associated
with the deployment of VA in an office
environment?

It is imperative to identify and address the challenges that may
arise when deploying VA in restricted environments, such as office
spaces. Addressing these challenges is essential for enhancing the
overall usability and effectiveness of VA interactions in sensitive
setting like office.

6.1.1 Challenges.

Lack of Agency Over Proactive Voice Interventions. A few partici-
pants were annoyed by the lack of agency when the voice interac-
tions were triggered. They desired agency over voice interventions
depending on the situation, availability, and people around them.
“If your colleagues are not aware of WorkFit, then it is embarrassing.
It is like you didn’t put your phone on silent mode. This is consid-
ered unprofessional.” [P05] Participants desired that WorkFit should
privately notify them before delivering a voice intervention. They
desired a new form of interaction which could give them control
and make them aware about an upcoming intervention.

In the study, some of the participants expressed a negative senti-
ment towards the proactive voice interventions. The instances of
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these interventions occurring during opportune moments, partic-
ularly when there were no scheduled events in the participant’s
calendar, sometimes resulted in uncomfortable situations. This was
attributed to the lack of control over proactive voice interventions
to adhere to professional mannerisms in the office setting.

Identifying Inopportune Moments. Our investigation revealed that
relying solely on calendar events falls short in effectively manag-
ing inopportune moments. While knowledge workers are typically
organized and adhere to calendar events, we identified a range of
contextual factors (see section 6.2) that they value for interaction
considerations within WorkFit. Although minimizing inconvenient
instances is beneficial, the complexity lies in addressing multiple
contextual factors for each interaction. Additionally, determining
these moments using various contextual factors necessitates con-
tinuous monitoring of knowledge worker activities, leading to po-
tential privacy concerns.

Moreover, as we observed calendar events to determine inoppor-
tune moments, it might appear technically suitable to intervene the
user. However, various factors, including social context, relation-
ships with involved individuals (such as close friends, colleagues,
or acquaintances), and the nature of the intervention, make it chal-
lenging to accurately predict the user’s readiness and comfort for
intervention.

Managing Privacy. Although, participants found voice interven-
tions to be effective in gaining attention, they also criticised them
with respect to privacy in the office. Some participants were un-
happy, because WorkFit delivered indiscreet health warnings in a
social setting in their office. The spoken health warning led to a
privacy violation. The lack of encoding while delivering a health
warning was a common complaint from the participants. ‘It was a
very obvious wording. Everyone around you knows you are stressed.
It should not give personal information so obviously. It could rephrase
and ask me: How about an oxygen break?” [P09] Further, participant
P02 criticised: “If you are with colleagues, you don’t want them to
know that your heart rate is running high.” [P2]

Non-Intrusive for Colleagues. The primary medium of VA is au-
dio, which easily captures the attention of people present in close
proximity. The loud nature of audio often creates problems while
interacting in a social setting. Many participants complained that
voice interventions in office settings distracted their colleagues.
Participants reported that some instances of voice interaction were
attention-grabbing for their colleagues. For this reason many par-
ticipants reduced the volume of the smartwatch. Participant P2
reported that, while working from home volume was at 80%, and
while working from the office volume was at 20%. The primary
reason for decreasing the volume was that the interventions should
only be audible to themselves and not to their colleagues. “To detect
inopportune moments it can synchronize with my calendar, but not
with my colleague’s calendar.” [P14]

6.1.2  Benefits.

Effective in Capturing User Attention. Participants noted that
voice interventions captured their attention effectively, particu-
larly when they lost track of time. Compared to other notification
forms like GUIs and vibration, which participants were familiar
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with, voice interventions were more proficient at highlighting un-
healthy behaviors. This auditory approach not only brought their
awareness to these behaviors but also motivated them to follow the
recommended activities. As one participant remarked, “The voice
interventions stand out in comparison to other notifications. Other
notifications are just plain sound and no sentences. Audio sentences
cannot be ignored and make you to perform the action.” [P09]

Awareness, Self Check, and Reflection on Unhealthy Behavior.
WorkFit conversational interaction enhanced user awareness and
encouraged reflection on their work behavior. Statements like “You
haven’t moved for a while, how about taking a break?” increased
participant’s awareness of sedentary patterns, motivating them to
contemplate their behavior. If users opted to cancel a break, con-
versational statements reinforced the significance of hydration and
breaks. This conversational approach effectively convinced users to
adhere to the recommended activities. “Voice interventions not only
reminded me, but it also made me reflect and perform a self-check to
drink water or take a break. It acted very well as a self-check mech-
anism. I almost got used to it, today I had to remind myself on my
own.” [P10]

Dual-Tasking and Eyes-Free Interaction. Voice notifications should
clearly convey the notification’s intent, which is crucial for health
and well-being notifications that require attention. Unlike GUI no-
tifications, where users need to actively interpret the notification’s
intent, WorkFit’s voice notifications provide the intent and action
without demanding continuous monitoring by the user. This en-
ables the knowledge workers to concentrate on their tasks and
determine the feasibility of the suggested activity. WorkFit ensures
essential attention, minimizing cognitive load for having to check
the display. “Unlike other healthcare applications, WorkFit didn’t
expect me to check the app continuously.” [P03]

6.2 Contextual Factors for Determining
Inopportune Moments for Voice Assistance?

We exclusively used calendar events to identify inopportune mo-
ments when users would prefer to avoid voice interactions. Nonethe-
less, there might be several instances in the work environment
where users would rather not engage in a voice interaction. To
comprehend the contextual factors related to these situations, we
requested participants to record such inopportune moments along
with their contextual details in our daily survey. Thematic analysis
revealed four contextual factors that knowledge workers expected
WorkFit to consider prior to initiating interactions. Here are the
four identified factors that are relevant for inopportune moments
in both office and home settings:

6.2.1 Emotional and Cognitive Availability. Serendipitous meetings
are spontaneous and could happen at any location in the office
setting such as in the office corridor, in the kitchen, at the cubicle.
Participants encountered serendipitous meeting scenarios, such as
colleagues or their boss reaching them at their desk, coincidental
encounters in the corridor, or students or colleagues reaching them.
During an on-going engagement with their colleagues, it is difficult
for knowledge workers to interact with WorkFit. Therefore, they
are cognitively unavailable at those moments. Further, sometimes
during those situations knowledge workers could also be going
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through emotions such as stress, or feeling nervous or tense. ‘T was
in an informal meeting with my colleague at my desk, which was
not scheduled in the calendar. I was discussing about problems I have
been encountering in my project, so I was bit stressed. Suddenly it
said: You seem to be tensed, would you like to perform a breathing
exercise? It broke my flow, I was disrupted in my work conversation.”
[Po1]

6.2.2  Social Context. Participants mentioned that they desired
WorkFit to recognize and adapt to social scenarios in their office.
Although social moments are informal, participants preferred to
refrain from engaging with voice interventions in such moments.
“Meetings, lunch break, when I am not at my work station. It should
not serve me any voice interventions.” [P09] During the social event,
delivering a voice intervention could lead to unintended attention
from colleagues. In addition to this, delivering information by voice
may lead to privacy issues.

6.2.3 Shared Spaces. Participants stated that they would abstain
from having a voice interaction at some locations in their office.
These locations are voice sensitive. A voice intervention, even at
a low volume, is bound to catch attention of other persons in the
vicinity. Participants stated that some locations should be marked as
“no voice intervention zones” and mentioned office toilets, labora-
tories, kitchens, elevators, and office corridors as examples. “When
I am at the office kitchen or in the pantry and when I am with my
colleagues or at any office common place, WorkFit should not serve
me any voice interventions.” [P13]

6.2.4 Embracing Time and Work Flexibility. The COVID-19 pan-
demic has forced knowledge workers to work from home but en-
abled them to manage their time according to their convenience.
Work from home has offered greater time flexibility and conve-
nience to knowledge workers. Due to flexibility of work time, work
from home has enabled knowledge workers to balance between
personal and professional time. This convenient work pattern has
allowed knowledge workers to opt for relaxing breaks during work.
Informal events such as power nap, family time, gym, and playful
activities are now considered normal in a work day. “While working
from home, I tend to sleep for sometime after lunch. WorkFit should
consider my personal time.” [P10].

6.3 Did WorkFit’s health recommendations
prove effective in mitigating health
concerns and encouraging healthy behavior?

6.3.1 Hydration Intervention. Overall, WorkFit generated a total
of 275 hydration voice interventions. Among these interventions,
participants accepted 253 (92%), declined 10 (3.6%), and 12 (4.4%)
interventions remained in a state of neither acceptance nor decline
(see Figure 5b). The mean rating for perceived effectiveness of the
hydration intervention was 7.9 (as shown in Figure 5a).
Participants indicated that the hydration interventions encour-
aged them to hydrate more frequently with small sips of water,
in contrast to their prior habit of consuming larger quantities at
once or maintaining irregular water consumption patterns. “Earlier
I used to drink 400 ml in one go, after a long interval. But Work-
Fit helped me to divide my water consumption into smaller chunks.”
[P13]. Also, participant P04 revealed that hydration interventions
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were immensely beneficial, because the participant was suffering
from the Gilbert syndrome®, in which an increase in the level of
bilirubin leads to dehydration in the body. T have a genetic prob-
lem of Gilbert syndrome, due to which my liver discharges lots of bil
[bilirubin]. So, drinking water frequently is essential. If I don’t drink
water, I get water cramps [muscle cramps caused by dehydration].
So for me it was really very beneficial” [P04]. Nevertheless, certain
participants desired WorkFit to update accurate water consumption
rather than assuming a standard consumption of 1 cup of water
with every intervention.
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Figure 5: WorkFit’s effectiveness scores and comparative anal-
ysis of the interventions.

6.3.2 Stress Intervention and Breathing Exercise. Participants ex-
pressed their appreciation for the stress interventions as it increased
their awareness of stressful moments when they experienced stress
while working. Also they commended on the ‘4-7-8’ breathing tech-
nique as a coping exercise to stabilize their heart rate. Through
the WorkFit real-time heart tracking (Figure 1b), the participants
noticed that their heart rate returned to a more desirable level while
performing the breathing exercise. In total, 56 HHR (high heart
rate) warnings were received by 11 participants. In the daily survey
questionnaire, participants were asked to rate if they judged that
the breathing exercise helped them in ameliorating their heart rate.
The question received mean rating of 7.1 with a standard deviation
of 2.1.

To determine the impact of the breathing exercise, we recorded
the participant’s heart rate for 120 seconds, during the breathing
exercise. Figure 6a shows the percentile median graph with a 95%
confidence interval of heart rate readings across all the participants
for each second. The graphs exhibit a constant decline in the heart
rate while performing the breathing exercise. To determine if the
breathing exercise helped participants to reduce their heart rate
significantly, we performed a paired t-test on the percentile value,
comparing the initial 5 s (1-5) and the heart rate at 116-120 s. We

Shttps://medlineplus.gov/genetics/condition/gilbert-syndrome/
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— High Heart Rate

(a) High heart rate (HHR) normalization graph.

— Low Heart Rate

(b) Low heart rate (LHR) normalization graph.

Figure 6: Heart rate recovery graph during a breathing exer-
cise.

found that the heart rate was significantly reduced at the end of
the breathing exercise (t(52)= 6.1, p < 0.01). We investigated further
to determine the minimum duration that the breathing exercise
required to significantly reduce the heart rate. We performed paired
t-tests comparing the initial 5 s to subsequent five-second blocks (6-
10's, 11-15 s, ... 116-120 s). The results show a significant difference
at 26-30 s (t(56) = 5.4, p < 0.01) and all further blocks. Hence, the
‘4-7-8’ breathing exercise had a desirable effect on the heart rate
after performing it for only 30 s.

WorkFit issued 20 Low Heart Rate (LHR) warnings. Similar to the
high heart rate median percentile graph, we calculated a percentile
median graph with 95% confidence interval for the low heart rate
(Figure 6b). The graph depicts a consistent increase in heart rate
while performing a breathing exercise. The paired t-test shows a
significant difference at the end of breathing exercise (t(17) = 2.7, p
< 0.05). In fact, a significant difference was already found at 6-10
s compared to the initial heart rate (t(19) = 3.0, p < 0.01). Thus
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after performing the ‘4-7-8 breathing exercise for only 10 s, the
participants were able to improve their heart rate.

6.3.3 Sedentary Intervention. In total WorkFit recommended 43
breaks to all participants, of which 79.1% (34) breaks were accepted,
14.0% (6) were declined, and 6.9% (3) were neither declined nor
accepted (as illustrated in Figure 5b). During the 34 accepted breaks,
the participants performed 2438 steps in total, with a mean of 71
steps per break.

Participants valued WorkFit’s recommendation of 20 steps dur-
ing a break, finding it achievable and effective in countering seden-
tary behavior, whether at home or in the office. “In the office setting,
you are not expected to have long walks so I just have to do the bare
minimum” [P10]. Moreover, participants appreciated the sensor-
based step counting feature, recognizing and valuing WorkFit’s
ability to not only propose a step count goal but also ensure par-
ticipant’s successful achievement of this goal. “Many times I was
lazy to get up, but the step counter was counting steps and displaying
‘0/20’. Because it was sensor-based, it could not be gamed [cheated].
So, I had to get up and walk those steps. The step counter encouraged
me to get up and perform those steps.” [P03]. In general, the par-
ticipants noticed the influence of WorkFit interventions on their
sedentary behavior. WorkFit’s interventions targeting sedentary
behavior motivated them to consistently take breaks and promoted
physical activity.

Some participants expressed the view that a 60-minute interval
between breaks was excessively long and suggested the option to
personalize the time between breaks. Users indicated a preference
for customizing the break reminder timer to intervals such as 45 or
50 minutes, aligning better with their individual preferences and
behavior.

7 DISCUSSION
7.1 Voice Assistance at the Workplace

WorkFit’s voice interaction addresses knowledge worker’s well-
being by offering timely reminders about sedentary behavior, elim-
inating the need for constant health checks. Voice alerts during
critical events, like heart rate warnings, were attention grabbing.
Voice-guided breathing exercises were also precise and beneficial.
This is similar to findings of Kocielnik et al. [14] and Tseng et al. [41]:
Conversational interactions enabled users to reflect on their un-
healthy behavior and be mindful of their unhealthy work practices.
Our findings add to the findings noted by Kocielnik et al.[14],
which were: voice is easier for input and interactive and engaging.
The challenges that we identified (Section 6.1.1) also resonate with
challenges identified by Kocielnik et al. [14] and Pinder et al. [30],
i.e, context detection, ethics and privacy. Similar to Reicherts et
al. [31], knowledge workers found it inappropriate when WorkFit
interrupted an ongoing conversation.

The use of wireless earphones is prevalent among knowledge
workers during work hours. When connected to a smartwatch, uti-
lizing earphones as the primary means for voice interaction could
alleviate privacy and non-intrusiveness concerns for colleagues.
While earphones may offer a convenient method for delivering
voice interventions and minimizing awkward moments, challenges
persist regarding submitting voice input to WorkFit. Furthermore,
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even when using earphones, it remains crucial to recognize inoppor-
tune moments such as during online meetings and user’s cognitive
availability and giving agency to the user during proactive voice
interactions.

7.1.1 Redesigning VA: Meeting the Needs of the Workplace. Al-
though voice interaction was helpful in capturing attention and
reflection with the proactive nature of WorkFit’s voice interven-
tions, the proactive interventions occasionally led to discomfort,
as it could not be tailored to professional etiquette norms in the
office environment. Participants expressed a desire for agency over
voice interactions, particularly in consideration of their surround-
ings and the presence of colleagues. Many participants viewed the
lack of control as a drawback, emphasizing the need for interven-
tion adaptability, based on the situation and the people present.
Additionally, voice interventions like heart rate warnings raised
privacy concerns among participants. Although these interventions
were urgent and required instant attention, some users desired new
forms of proactive voice interaction, in order to give them agency
and also capture their attention instantly.

We propose adaptive VA, i.e., which refers to a voice interface
design that dynamically adjusts its interaction and behavior based
on user preferences, such as the user’s location, social settings, and
cognitive availability. The advantages of an adaptive user interface
have been established in previous studies [3, 37], highlighting en-
hancements in user experience and interface usability. In the case
of an adaptive VA, it should dynamically switch between modalities
(GUL, vibration and voice) based on factors such as notification type,
intent, contextual elements, criticality and urgency. The adaptive
VA, has the capability to consider multiple factors and subsequently
deliver interventions in a format suitable for the current context.
Unlike traditional approaches, the adaptive VA, eliminates the need
to explicitly track whether the moment is opportune or inoppor-
tune. Instead, it tailors the intervention style based on relevant
factors. Investigating the suitability of an adaptive VA, in an office
setting holds significant value.

7.1.2  Inopportune Moments in Work Settings. Although it has been
reported that participants would like to have health interventions
proactively [48], our study found that daily health interventions
should also consider opportune and inopportune moments for
proactive interaction. Lastly, while working from home, the partici-
pants desired WorkFit to be able to recognize personal moments
sleep, outdoor walks, and time with their kids. Like Reicherts et
al. [31], we identified that participants accepted getting interrupted
while at work compared to interrupting an ongoing conversation
with their colleague.

In the study, we tried to tackle the problem of interruption dur-
ing an inopportune moment by synchronizing the user’s calendar
with WorkFit interventions. Although this approach was success-
ful, there were many inopportune moments, which user desired to
be recognized by WorkFit. Considering only events placed in the
calendar as inopportune moments and events not placed in the cal-
endar as opportune moments were inadequate for successful user
engagement with WorkFit. For some participants events depended
on their colleagues availability, which was unpredictable for them.
Also, in office setting of knowledge workers it was acceptable to
walk into another colleague’s cubicle/office if something urgent
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needed to the discussed. Also, participants desired to avoid having
a voice interaction in a social setting which could place them at
the center of attention. Furthermore, participants also wanted to
consider location while serving a voice intervention. For example,
office pantry, common shared places and toilets. Participants also
wanted WorkFit to consider the surrounding and the environment
they are in.

7.2 Design Recommendations

Derived from our findings, we propose the subsequent design rec-
ommendations for the development of proactive VA:

7.2.1  Empowering User Agency: Dual-Interventions. It is widely
advised in various human-computer interaction guidelines to em-
power users with agency or control during interactions [23, 24, 38].
However, proactive VA has no provision to enable users with agency
during the interaction. In proactive interventions, users lack con-
trol over voice interactions, which can result in occasional embar-
rassment and annoyance, ultimately diminishing the overall user
experience and making it challenging to maintain sustained user
attention and engagement. Even after tracking the user’s schedule,
it is difficult to predict an opportune moment for the interaction.
Tracking their schedule may suggest it is an opportune moment
to intervene, there are multiple factors such as the presence of
colleagues, location, and cognitive availability, all of which play
a crucial role in determining if the moment is opportune or inop-
portune. In a setting like an office, which consists of formal and
social interaction, it is essential to give users control to decide if
the particular moment is an opportune or inopportune moment for
interaction. Allowing users to decide if the moment is appropri-
ate for interaction will lower the instances of inconvenience. We
propose “dual-mode intervention” design, the VA may choose to
intervene non-intrusively (ring, auditory icon, vibration, or GUI)
as the primary mode, reserving voice as a secondary intervention.
For example, the intervention could be presented through a GUI
to convey the notification’s intent, complemented by a vibration
to capture the user’s attention. If the user does not respond to the
intervention, meaning they neither accept, reject, nor postpone it,
the system subsequently may deliver a voice intervention.

7.2.2  Delivering Encoded Voice Interventions for Privacy. Privacy
is an important aspect of an interaction. Not disclosing private
information during the interaction is essential. The fundamental
characteristic of voice interaction involves conveying information
through audio. In VA, the inherent nature of information delivery
lacks discretion, potentially drawing the attention of those near the
user. Consequently, it is imperative for VA to refrain from delivering
any private information during voice interventions, as this could
lead to a violation of user privacy. In case of WorkFit, users did
not flag a privacy concern for sedentary behavior and hydration
intervention. However, they raised concerns about unambiguous
stress interventions through voice. For instance, stress interventions
should be discreet, potentially initiated with a vibration or GUI
intervention and further, voice intervention could be in encoded
form (e.g., “take some deep breaths”). Also, they were comfortable
receiving all notifications when at home in comparison with an
office. They highlighted that not all voice interventions can violate
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privacy, but it depends on the type, nature, and setting in which the
information is delivered. Therefore, it is essential to adopt measures
to encode a voice interventions considering the setting and nature
of intervention.

7.2.3  Prioritization of Interventions: Considering Criticality and
Urgency. Previous research has found that users do not mind de-
livering health and well-being interventions directly without con-
sidering opportune moments for delivery [48]. In our experiment,
users desired to prioritize interventions. They felt some interven-
tions were urgent while some were not. Some interventions require
immediate action while others can be acted upon later. Interven-
tions such as hydration and sedentary reminders possibly can be
postponed for some time and still be effective, however, stress inter-
ventions may require instant action. Some participants stated that
they would like to scale the interventions based on an urgency and
criticality parameter. It is essential to consider whether interven-
tions are urgent or not. If the interventions are urgent, then direct
voice interventions are appropriate.

7.2.4  Mindful of Setting’s Etiquette. When VA is deployed in an
office setting, it is essential to consider the rules of the office and
interact accordingly. As WorkFit is ubiquitous and not stationary, it
is compulsory to follow the etiquette of the place. When delivering
interventions it is imperative to consider the fact that the office
setting may have informal unscheduled meetings and smalltalk at
the corridor. Audio should be kept at a moderate volume and not
be disturbing to colleagues during the interaction. Also, users like
to refrain from interacting with VA when they are in shared places.

7.2.5 Considering social, location, and user availability factors. Be-
fore delivering an intervention, it is important to identify if a par-
ticular intervention should be delivered in this setting. Before de-
livering interventions is essential to consider social, location and
availability factors. Taking into account these factors will help to
minimize the negative experiences of VA in office settings. We
found that participants were comfortable having interaction in the
home in comparison to office. The availability of the user is primary
factor, as knowledge workers are often working from home. Due
to work flexibility, they are switching between leisure activities
and work, such as relaxing, and child-care. Hence, it is essential to
consider user availability of while delivering intervention.

7.3 Limitations and Future Work

We would like to address the limitations of our paper. Firstly, it is
important to note that we did not set up a baseline for participants
daily water intake and break-time step counts. Our primary aim in
this study is to assess the effectiveness of VA in office settings of
knowledge workers. We opted for a healthcare-oriented approach
solely as a means to evaluate the viability of voice interactions in
the office setting. Consequently, the primary objective of our study
did not involve a critical comparison of health recommendations
with a baseline.

Additionally, we did not customize heart rate warnings for in-
dividual users. Instead, we employed fixed thresholds for low (55
bpm) and high (105 bpm) heart rate triggers [19, 25]. Lastly, WorkFit
did not accommodate spontaneous input from participants (e.g., to

Ahire et al.

enable participants to record input outside the scope of interven-
tions) resulting in participants relying on regular interventions to
provide their input. In future, we intend to develop adaptive VA and
a dual-mode intervention design specific for office settings, using
contextual factors and different modalities.

8 CONCLUSION

In conclusion, this work addressed the imperative need for VA sys-
tems designed explicitly for office environments, focusing on the
health and well-being of knowledge workers. The developed Work-
Fit voice assistance successfully monitored and intervened in seden-
tary behavior, inconsistent hydration, and stress issues, demonstrat-
ing its effectiveness in mitigating health concerns among knowl-
edge workers. The field study involved 15 participants over five
working days. We found four contextual factors for identifying
inopportune moments (emotional and cognitive availability, social
context, shared location, and user activity) in the office setting.
Moreover, we identified that while VA does offer advantages for de-
ployment in office settings, they also come with certain challenges
that need to be addressed. Therefore, we propose the development
of “dual-mode intervention” design that are specifically tailored for
office settings. In light of our research outcomes, we present five de-
sign recommendations for the development of office-specific voice
assistants. Lastly, WorkFit’s health recommendations demonstrated
a high acceptance rate, with 92% of knowledge workers embrac-
ing hydration interventions and 79% engaging in recommended
walking breaks. Additionally, the proposed breathing exercises sig-
nificantly stabilized the participant’s high heart rate within 30 s and
low heart rate within 10 s. Our study emphasizes the importance of
designing voice interfaces for sensitive settings such as the office.

The findings of our research, including the identification of inop-
portune moments, empowering user agency, privacy management,
recognition of social context, and assessment of emotional and
cognitive availability, are relevant not only within sensitive envi-
ronments like offices, but also extend to various other sensitive
settings such as hospitals and universities. Moreover, this study
has implications not only for WorkFit itself but also for the broader
design of similar systems. For instance, the emphasis on health
interventions tailored to real-time tracking suggests that future
wellness programs could benefit from adopting a more targeted
and adaptive approach.
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