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Sedentary behavior is endemic in modern workplaces, contributing to negative physical and mental health outcomes. Although
adjustable standing desks are increasing in popularity, people still avoid standing. We developed an open-source plug-and-play
system to remotely control standing desks and investigated three system modes with a three-week in-the-wild user study
(N=15). Interval mode forces users to stand once per hour, causing frustration. Adaptive mode nudges users to stand every
hour unless the user has stood already. Smart mode, which raises the desk during breaks, was the best rated, contributing to
increased standing time with the most positive qualitative feedback. However, non-computer activities need to be accounted
for in the future. Therefore, our results indicate that a smart standing desk that shifts modes at opportune times has the
most potential to reduce sedentary behavior in the workplace. We contribute our open-source system and insights for future
intelligent workplace well-being systems.
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1 INTRODUCTION

The modern office has been designed to optimize productivity and efficiency, resulting in minimal physical
movement [30]. As a consequence, office workers are sedentary for the majority of the workday [16]. Chronic
sedentary behavior constitutes a public health risk [9], increasing the risk of diabetes [63], chronic low back pain
[4], cardiovascular disease [25], and mortality in general [53]. As such, there is a need to develop technologies
that transform workspaces by integrating physical activity and interrupting extended sedentary behaviors.
Electric sit-stand desks allow users to easily transition their desks between sitting and standing heights. Studies
indicate that adjustable desks can lead to reductions in sitting time, sedentary behavior, and discomfort [14, 47].
However, long-term investigations have demonstrated that few users utilize the standing mode and height-
changing features [62]. Autonomous standing desks are one potential tool that could trigger users to stand more
often. Prior work has shown mixed responses to autonomous desks that change at regular time intervals [38],
with half the users preferring a manual desk due to distraction levels. Lee et al. [43] found that interrupting users
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with height changes during tasks causes frustration. All prior investigations with autonomous desks occurred in
single-contact lab-based user studies. Therefore, how users prefer to interact with autonomous standing desks in
repeated, day-to-day use remains to be investigated.

In this paper, we developed a control system for standing desks and evaluated it in an in-the-wild study. We
designed and implemented an open-source plug-and-play controller for standing desks that records changes in
height and enables desks to be controlled remotely and move autonomously. We evaluated standing time and
user perceptions regarding interacting with intelligent standing desks by conducting a three-week in-the-wild
user study with 15 users. We investigated three levels of intelligence for shifting the desk to standing hkight:
(Interval mode), which raises the desk once per hofir(Adaptive mode), which only raises the desk if the
user has not stood within the past hour; ar&l(Smart mode), which raises the desk any time the user is away
from their computer. Speci cally, we aimed to address the following research question:

RQ:How should an autonomous standing desk behave to encourage users to increase standing time without causing
frustration?

Our results show that participants stand signi cantly more often and perform signi cantly more sit-stand
transitions when their desk moves autonomously. Participants stood most often when their desks moved hourly
in Interval mode, but qualitative feedback indicates that this mode is frustrat®Bigart mode was the preferred
system, as participants appreciated that the desk moved while they were away, but future systems should
account for non-computer work to avoid interruption. Our results demonstrate that autonomous standing desks
which adapt to user behavior have the highest potential to be adopted by users, thereby reducing sitting time
without causing negative feelings. Overall, we contribute i) an open-source plug-and-play system to transform
an electronic sit-stand desk into an intelligent standing desk, ii) quantitative and qualitative results from an
in-the-wild evaluation of our system with varying levels of intelligence, and iii) speci ¢ design recommendations
based on user feedback for future designers of health-focused smart furniture.

2 RELATED WORK

In this section, we rst discuss workplace physical activity as motivation for our work. We then review HCI
literature on automated o ce furniture and smart standing desks to provide context to our investigation. Finally,
we outline past work on interruptibility for health interventions.

2.1 Physical Activity at Work

Despite the well-documented health bene ts of increasing physical activity and decreasing sedentary behavior
(e.0., L1, 36 57), most people are not active enoughd. For instance, workers spend nearly three-quarters

of their day sitting [16 60 because most jobs inadvertently push workers toward sedentary behavidr [
Continuous sedentary behavior leads to an increased risk of all-cause mort&lly ¢hronic low back pain 83,
diabetes [63], and cardiovascular disease [25].

Some prior work has tried to increment physical activity in the workplace by introducing more breaks from
productive activities L0, 42, 45. However, past research has also found that active “microbreaks' could bene t
physical and mental health without adversely impacting productivity4]. A recent review by Damen et al
[19] indicates that most current studies concentrate more on prompting breaks than increasing possibilities for
physical activities in the o ce workplace.

Several studies have used ambient displays to quantify and visualize physical activity in the workplace. To this
end, Fortmann et a[26] created an ambient lamp nhamed "MoveLamp', which displays workers' physical activities
by changing the light color. They found that MoveLamp encouraged o ce workers to take more steps each day.
Similarly, Mateevitsi et al[48] developed an ambient persuasive device called "HealthBar' that encourages users
to break up prolonged sitting periods by using a motion sensor and changing colors. On a similar note, Moradi
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and Wiberg[51] created a conceptual framework to describe movement patterns in the workplace, such as spatial
possibility and social relations. They designed two prototypes, the Talking Tree and the NEAT-Lamp, using this
framework. The Talking Tree is a tree-shaped ambient display that changes the color of its leaves to visualize
movement in speci ¢ areas of an o ce. The NEAT-Lamp is an ambient display that automatically switches on if

a person was sitting for 25 minutes. Once the user moves, the lamp automatically switches o . Other prior work
has augmented an o ce chair with growing ivy to visualize sitting time4d], while another demonstrated that
visualizing computer activity through desk-based ambient displays raises awareness, self-re ection, and social
interactions for people to become physically activ4.[In our work, we take a more active role in nudging users
towards standing rather than passively displaying sedentary time through ambient displays.

Prior work has aimed to incorporate physical activity into productive tasks by moving or exercising while
working. Haliburton et al [31] and Damen et al[22] both investigated motivations and barriers for walking
meetings. In line with this, there are several HCI investigations that developed technology to encourage or support
walking meetings, such as artifacts for recording on the mo2€][ One group used the persuasive approach
to nudge users towards walking meetings through a mobile app3, while another developed infrastructure-
based technologies to facilitate periodic note-takirfl]. Similar to Damen et al[21], we take an infrastructure
approach to reducing sedentary behavior by augmenting standing desks.

Ren et al [55] created a social exergame called “Step-by-Step' to encourage o ce workers to have physical
activity and social interaction with their colleagues. Damen et[&0] designed three pieces of furniture called
“PositionPeak’ to create a dynamic meeting room and encourage participants to avoid static poses. Their ndings
indicate that PositionPeak encourages participants to adopt di erent postures and creates more e ective meetings,
but it also causes inconvenience. Similarly, Damen ef2i] created a wild o ce space to foster movement and
combine physical activity with work. Some prior studies have used virtual and augmented reality to encourage
workers to step away from their desks and interrupt sedentary tini[64. Others have used tangible rewards.

For example, Khot et a[37] investigated a 3D printer that creates chocolates showing cheerful messages based
on heart rate data. Tactile feedback using a push (something that catches the user's attention) mechanism has
been shown to create a positive mindset towards exercis#. [We use tactile push feedback by physically moving

the desk to nudge users towards standing.

Our work takes inspiration from the many investigations into physical activity at work. We use a tangible,
infrastructure-based approach to nudge standing desk users towards increased standing time and reduced
sedentary behavior.

2.2 Automatic O ice Furniture in HCI

Automatic o ce furniture has been employed as an intervention in the workplace to encourage behavioral
change [L7. For example, Kronenberg and Ku il 1] proposed a mechanical robotic arm that could automatically
adjust the position of a computer screen based to optimize ergonomics. Similarly, Fujita[@7atlesigned an
actuated o ce chair that changes the incline of the seat to manipulate the user's posture.

Automatic furniture has also been developed to help increase convenience. Sirkin[eBhtreated a robotic
footstool that automatically approaches sitting users and tries to get them to rest their feet on it. Past work on
transformable furniture has developed furniture that changes shape and function to t di erent applications.
Takashima et al[59] proposed a transformable and interactive digital desk. The physical shape of the desk could
be deformed into a circle, square, or rectangle. The desk also displays digital information on a screen whose
shape adjusts with the table.

Zhu et al [65] conducted a literature review showing that treadmill desks and other physical implementations in
the workplace can lead to reductions in sedentary behavior and increased physical activity. Studies indicated that
standing, under cycling, and treadmill desks are potentially helpful in decreasing workplace sedentary time while
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positively impacting stress and general moaeH 46 without reducing productivity [34. Moderate-intensity
exercise performed on a cycling workstation during simulated o ce tasks has been shown to increase activity
without increasing the error rate, but it does increase task execution time [40].

2.3 Smart Standing Desks

Adjustable desks reduce sitting time while creating a comfortable and dynamic working environment that can
transform to adapt to di erent daily activities. Vandoorne-Feys et 1] designed a desk with three levels of
adjustability: bench level, sitting desk level, and standing desk level. Past work has demonstrated that adjustable
desks are e ective at lowering discomfort [14].

There are a variety of commercial smart standing desks with di erent features in the market. The "Autonomous
SmartDesk! is designed to adapt to a broad range of bodies. It has four programmable keypad settings to save up
to 4 custom heights. The “NextErdajuides users in setting up an ergonomic posture and provides desk exercise
recommendations. It uses presence detection sensors to track standing time and features to track tness goals.
"AIT Smart Oné® is an app-controlled desk with three default settings: sitting, standing, and comfort mode. The
app provides noti cations for users to perform exercises, and the desk includes an air quality sensor that alerts
the users when they need fresh air.

Despite the existence of smart standing desks on the market, there is a limited amount of fundamental
research investigating how users want an autonomous standing desk to behave. Desk con gurations are highly
personal p], and user preferences vary for di erent kinds of adjustable desks. Lee.gttd] found that users
prefer it when their desk moves between tasks. Kim et[8B] found that half of their participants were receptive
to using an autonomous sit-stand desk, while the remaining preferred to have some manual control. Another
recent work by Kim et al[39] found that participants generally prefer manual or semiautonomous desks to fully
autonomous ones. Both Lee et g13] and Kim et al [38] investigated desk motion in controlled lab studies where
participants only used the desks for a short time, while Kim et[80] conducted a vignette study where users
watched videos. As such, our study aims to extend this fundamental research by investigating how users prefer to
interact with an autonomous standing desk on a day-to-day basis in real work environments. Our investigation
is an implementation of research through desigéd, where we aim to gain insights into user preferences and
interaction patterns through interaction with a working prototype.

2.4 When to Interrupt the User

With the recent increase in mobile health technologies, health scientists are increasingly interested in under-
standing when users can be interrupted with just-in-time adaptive interventions (JITAIs) based on contextual
information [44]. However, despite extensive work on interruptibility, our understanding of the receptivity of
mobile just-in-time JIT health intervention is limited. Choi et.dlL5] built a mobile (JIT) intervention system
called BeActive to prevent sedentary behaviors. They found that availability for JIT intervention is multifaceted
and context-dependent.

The ability to automatically recognize when the user is engaged in a work activity or taking a break is
fundamental for JITAIs. Prior work (e.g.24, 44, 50) has leveraged machine learning to increase receptivity
and identify opportune moments to interrupt users for health interventions. Past work has also used wearables
to measure cognitive load and identify when workers are interruptib&/], while others have used mobile
noti cation responses 3. Interruption is crucial to our work, as Lee et aj43] found that users are most

Lhttps://www.autonomous.ai/en-Fl/standing-desks/smartdesk-2-home
2https://www.nextergo.ai/
Shttps://www.indiegogo.com/projects/ait-smart-one-the-gamechanger-smart-desk/
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(a) An example of the seven-bu on keypad found on multiplgb) The pin number labels for an 8P8C connector. An angled
brands of standing desks. There is a three-digit seven-segmerniéw is included to ensure that the connector is in the proper
display and seven bu ons. orientation.

Fig. 1. Keypad and 8P8C components from the standing desk model used in the study.

receptive to a standing desk moving autonomously in between tasks. In our study, we attempt to identify times
when the user is away from their desk to avoid interruptions altogether.

3 THE STANDING DESK CONTROLLER

This section outlines the design and implementation of our standing desk controller. The controller consists of a
custom circuit board with housing and cabling and a back-end architecture. We aimed to develop a plug-and-play
solution that would not require users to disassemble or permanently modify their existing desks in any way.
Through an exploration of available electronic sit-stand desks and observations at several o ces, we identi ed

two prominent controller designs. One is a simplistic controller that consists of either two buttons or a paddle
that can be moved in two directions. This arrangement controls the direction of the desk motion up or down

directly. The second design pattern enables the user to save speci ¢ desk heights as presets. One common
implementation of this design, shown in Figure 1a, consists of seven buttons up, down, four numbers for preset
heights, and a button to change the presets and a three-digit seven-segment display. The seven-button keypad
can be found on multiple brands of standing desks (e.g., Fully, Kerkmann, Eureka). The keypad is connected to
the motor control system via an Ethernet cable with an 8P8C (8 positions, 8 contacts) connector, which processes
the keypad signals and subsequently controls the desk motors.

3.1 Reverse-Engineering the Desk Signals

We measured the signals sent through this cable for each button using an Agilent 54621D Mixed Signal Oscilloscope.
The keypad is connected to the control board via an Ethernet cable with an 8P8C connector, which means there
are 8 individual wires, numbered as shown in Figure 1b. The purpose of each wire is described in Table 4 in the
appendix. Each button on the keypad triggers a consistent digital signal pattern on one or more of the wires. The
full set of combinations is listed in Table 5 in the appendix.
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