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Figure 1: Images of a typical keypad, the control Unit mounted to a desk, and a visualization of the detection area for the
presence sensor.

Abstract
Modern knowledge workers conduct most of their work sitting at a
desk. Consequently, offices are highly sedentary, which is correlated
with increased risks of health complications. Standing desks, which
enable users to periodically transition between sitting and stand-
ing, are one proposed solution, but users rarely adjust their desks
in practice. In this paper, we present Standtroller, a retrofittable
system that enables standing desks to move autonomously. We use
a mmWave sensor to detect user presence and move the desk when
the user is absent to avoid interruptions, and developed a desktop
application to visualize standing time and allow users to adjust
settings. We evaluated the system in a three-week within-subject
field study (N=13) and found that moving during absences is ac-
cepted, but proactive feedback and simplified configuration could
better support users. We contribute our open-source system and
concrete design recommendations to pave the way for future smart
workplace wellbeing systems.
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1 Introduction
Contemporary office environments are designed to maximize ef-
ficiency and productivity, often at the expense of any physical
movement [31]. Consequently, knowledge workers remain seden-
tary for most of their work hours [15, 52]. Over the long term,
inactivity is a significant public health concern [11], linked to in-
creased likelihoods of cardiovascular disease [25], diabetes [65],
chronic lower back pain [6], and overall higher mortality rates [55].
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This highlights the importance of designing technologies that re-
shape workplaces by incorporating opportunities for movement
and disrupting prolonged sedentary behavior. Electric sit-stand
desks are one potential solution that enables users to work while
standing [13] and encourage frequent posture shifts, which are
beneficial to overall health [11, 23, 24]. However, despite a funda-
mental interest in reducing sedentary time and standing more [14],
research shows that desk owners rarely use standing mode in prac-
tice [56, 64].

In response, researchers have investigated how to encourage
users to standmore often. Sharma et al. [58] developed a system that
measures desk height and prompts users to stand if they have not
met their goals, finding that the number of desk position changes
per workday doubled with reminders. Autonomously moving sit-
stand desks can initiate posture changes by moving on their own. In
a study by Kim et al. [41], participants showed mixed reactions to-
ward an autonomous sit-stand desk that changed position at regular
intervals. To investigate interruptions, Lee et al. [45] conducted a
study in which participants used a seemingly autonomous moving
desk while performing tasks. Their results show that the best mo-
ments for desk movements are when users transition between tasks,
in line with other work on interruptions [35]. Haliburton et al. [30]
developed a plug-and-play system for remotely controlling stand-
ing desks and explored user preferences for desk behavior through
three modes of autonomy. Their “Smart Mode,” which moves the
desk when the user is absent from their computer, was the most
accepted and contributed to increased standing time.

In this paper, we designed and implemented a standing desk
control system, called Standtroller, that detects user presence and
autonomously moves the desk in times of absence. Building upon
the open-source controller by Haliburton et al. [30], we developed
a new plug-and-play system with a millimeter wave (mmWave)
presence sensor and implemented a cross-platform dashboard appli-
cation that provides real-time control, statistics, and customizable
settings. Our system more robustly captures user presence in a
range of office situations and enables users to control and personal-
ize their autonomous standing desk experience. We evaluated our
system in a three-week within-subject field study to understand
how users interact with the system in their real workplaces, aiming
to address the following research question:

RQ: How can a non-interrupting autonomous standing desk sup-
port users in reaching their desired amount of standing time?

Our results show that participants stood significantly more using
the Standtroller compared to a manually controlled desk. Interview
responses from participants revealed that moving the desk in their
absence was accepted and rated as useful. The autonomous transi-
tions also reminded participants that standing at their desks was a
possibility and inspired them to develop working-while-standing
routines. The results also suggest that standing data and achieve-
ments should be communicated more actively and desk configura-
tion should be simplified and tailored to user behavior. Overall, we
contribute i) an open-source autonomous standing desk system, in-
corporating a presence sensor to facilitate non-interrupting height
transitions, ii) a personal informatics tool to track standing time
at work in the form of a cross-platform desktop application, and
iii) concrete design recommendations to guide future designers of
workplace technologies aimed at promoting physical activity.

2 Related Work
In the following, we introduce sedentary behavior in the workplace
and associated Human Computer Interaction (HCI) literature aim-
ing to increase workplace physical activity. We then review work
on self-tracking, and provide an overview on smart furniture and
autonomous standing desks.

2.1 Sedentary Workplaces
Knowledgeworkers experience chronic sedentary conditions through
prolonged periods of sitting [15–17, 62]. The negative health im-
plications of sedentary behavior are numerous, with consequences
for diabetes [65], chronic pain [6], cardiovascular health [25], and
overall mortality [55]. Although these risks are well-known, knowl-
edge workers spend between two-thirds [15] and nearly 90% [52]
of their working time sitting.

Frequent posture changes are a common recommendation to
mitigate health risks associated with prolonged sitting. For instance,
the 20/8/2 rule proposed by Kar and Hedge [38] (20 minutes sit-
ting, 8 minutes standing, and 2 minutes moving per half hour)
suggests that alternating between sitting and standing positively
impacts health. Further research by Diaz et al. [23] indicates that
life expectancy increases when individuals move every 30 minutes.
Some investigations have attempted to introduce shifts in physi-
cal activity to the workplace through breaks [12, 44, 47], although
these often reduce productive time. Past work has also investigated
“microbreaks,” which improve wellbeing without decreasing pro-
ductivity. Overall, a scoping review [18] found that only a few
investigations propose integrating physical activity into productive
activities, while most focus on prompting breaks.

In contrast, several approaches in HCI directly incorporate physi-
cal activity into productive work by promoting active ways of work-
ing. For example, there is a body of work on technology-supported
walking meetings. Researchers have developed sets of challenges
and opportunities for designing walking meeting technologies [21,
32] and created prototypes for recording [29], infrastructure-based
note-taking [20], or persuading [2–4]. Our work is aligned with the
infrastructure approach by Damen et al. [20], which incorporates
activity-promoting solutions directly into the work environment.

2.2 Self-Tracking and Reflection
Several studies have shown that visualizing sitting time, step count,
or screen time can motivate users to engage in physical activity.
Fortmann et al. [26] developed an ambient light that uses color
changes to visualize health data, and found that it increased daily
steps and movement frequency. Mateevitsi et al. [49] used a similar
approach, with amotion sensor and color visualization to alert users
about prolonged sitting. Similar approaches can be found in other
literature that activates a display when a person has been sitting for
too long [51], or visualizes computer activity to promote physical
activity [9], or using embedded visualizations by growing ivy on an
office chair [50]. These approaches have shown promise by increas-
ing awareness, promoting self-reflection, and increasing physical
activity. While the aforementioned approaches promote physical
movement in general, Sharma et al. [58] investigated how software
that visualizes personal standing desk usage can influence the fre-
quency of position changes. In their two-month study, participants
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were reminded of their physical activity through software notifi-
cations and personal statistics, which doubled the daily number
of desk transitions. This aligns with other studies confirming that
self-tracking and goal-setting can promote physical activity [53, 54].
Inspired by this, and other work in personal informatics, we incor-
porate goal-setting and personal statistics visualizations into our
prototype to encourage reflection and motivation.

2.3 Smart Office Furniture for Behavior Change
Researchers have proposed several approaches to incorporate be-
havior change in workplaces by adding automated behaviors to of-
fice furniture [16]. Automatic office furniture has been employed as
an intervention in the workplace to encourage behavior change [16].
Kronenberg and Kuflik [43] proposed a system that monitors the
user’s posture and automatically adjusts the position, height, and
orientation of a computer screen for better alignment. Fujita et al.
[27] designed an office chair that subtly tilts the seat to encourage
posture change. They show that the autonomous movement did
not affect objective task performance, but speed influenced user
acceptance.

A literature review by Zhu et al. [67] highlights that treadmill
desks and other workplace-integrated physical interventions can
effectively reduce sedentary time and promote movement. Studies
suggest that standing desks, under-desk cycling setups, and tread-
mill desks can help decrease workplace inactivity while improv-
ing mood and reducing stress [28, 48], all without compromising
productivity [39]. Additionally, moderate-intensity exercise on a
cycling workstation during simulated office tasks has been found
to increase physical activity without raising error rates, though it
does lead to longer task completion times [42]. In a more passive
approach, Damen et al. [19] developed furniture called “Position-
Peak” that establishes a meeting room environment in which users
are encouraged to move and avoid sedentary behavior. They found
that users moved more often and had effective meetings, but were
also inconvenienced. In a similar approach, Damen et al. [22] de-
signed an “Office Jungle” that fosters movement and active ways of
working.

Researchers have also designed automated furniture to enhance
convenience. Sirkin et al. [60] developed a robotic footstool that
autonomously moves toward seated users, encouraging them to
place their feet on it. Research on adaptable furniture has explored
designs that alter their shape and function to accommodate vari-
ous needs. For instance, Takashima et al. [61] introduced a trans-
formable and interactive digital desk capable of shifting between
circular, square, and rectangular forms. This desk also features a
display that dynamically adjusts its shape in sync with the table’s
transformations.

2.4 Autonomous Standing Desks
As the primary work location for many office workers, desks are
a prime candidate for automation. Electronic sit-stand desks are
adaptable pieces of office furniture that enable users to perform
work tasks in sitting or standing positions. Standing desks have
been shown to effectively lower discomfort [13]. There are sev-
eral smart standing desks available on the market. For example,
the “Autonomous SmartDesk Connect” and the “Lander Desk” by

iMovR both use notifications to remind users to stand up. The “AiT
SmartOne” offers similar functions and monitors air quality. The
“Stir Kinetic Desk” uses tactile feedback to remind users to change
their standing position. Lastly, “Nextergo”, which tracks sitting
and standing times, allows users to set activity goals and provides
instructions for fitness exercises. Many of these desks are “smart”
in the sense that they collect user data and can be programmed for
specific behaviors.

While standing desks are increasing in popularity commercially,
there have been limited investigations into how they should behave.
Kim et al. [41] investigated a desk that automatically changes po-
sitions at regular, predetermined intervals. They found that about
half the users were satisfied with a regularly shifting desk, while
the remainder preferred to maintain manual control. In a similar
study by Lee et al. [45], participants performed tasks such as typing,
cutting, and reading to investigate opportune moments for desk
movement. Their results indicate that the moment of switching
from one task to another is the best time for an autonomous height
adjustment. The investigation by [30] is most closely related to our
work. They developed a plug-and-play system to remotely control
standing desks and investigated how users want their desks to
behave. They implemented three modes: Interval, where the desk
moves up once per hour; Adaptive, where the desk moves up once
per hour, but only if it was not already in a standing position within
the last hour; and Smart, where the desk only moves up when the
user has been away from their workspace for at least 3 minutes. All
autonomous modes increased standing time, but the Smart Mode
was most accepted because it avoided interruptions. However, their
system only captured computer activity, so it still interrupted users
occasionally. In our work, we build off of Haliburton et al. [30] by
incorporating their findings about interruptions and their concept
of a plug-and-play system. We take this work further by detecting
user presence regardless of task, and create a desktop application
for users to view their statistics and have direct control over the
desk behaviors.

3 Design & Implementation of Standtroller
This section outlines the design and implementation of the hard-
ware, firmware, and front- and back-end software of Standtroller.

3.1 Design Goals
Our aim was to develop a standing desk controller that can be easily
retrofitted to existing standing desks with minimal installation
effort. We used the work by Haliburton et al. [30] as a basis upon
which to build our system and added additional design goals to
address certain limitations in their work. In particular, we aimed
for our controller to be able to sense when a user is present at their
desk in a privacy-preserving manner regardless of their computer
activity. Additionally, we wanted users to be able to adjust the
autonomous behavior of their desks so that they feel in control.
We also wanted to display standing statistics to users for personal
informatics and motivation purposes. Finally, we aimed to establish
near real-time communication between the controller and the back
end to accurately time desk transitions and refresh data on the
display dashboard. See Table 1 for a summary of the design goals
and implementations.

https://www.autonomous.ai/standing-desks/smartdesk-hybrid
https://www.imovr.com/collections/lander-collection
https://aitdesks.com/
https://aitdesks.com/
https://www.stirworks.com/
https://nextergo.home.blog/category/nextergo-smart-desk/
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Table 1: A summary of the design goals and associated implementations.

Design Goal Description Implementation

Retrofittable The controller should be easy to install on existing
standing desks

Similar to [30], the prototype is installed by plugging
it in between the keypad and the motor module with
8P8C cables.

Detect User Presence The system should detect when users are present at
their desks regardless of the computer activity

We use ammWave presence sensor which captures the
presence of a person (or any slightly moving object)
even if the person is sitting relatively still.

Privacy Preserving The user detection system should preserve the privacy
and identity of the user.

The mmWave sensor sends a binary signal to our sys-
tem indicating only if a moving object is present.

User Adjustable Users should be able to adjust the behavior of their
own desk and define their own triggers for sitting and
standing.

We implemented a desktop application where users
can adjust numerous settings, enabling them to define
the conditions under which the desk will move.

Personal Informatics For self-reflection andmotivation, users should be able
to view statistics about their own standing behaviors.

We implemented a desktop application where users
can see their standing and sitting times and their goals
on a daily and weekly basis.

Near Real-time The system should communicate in near real-time
to enable accurate tracking and desk transitions and
direct control of the desk from the desktop application.

We use Websockets for communication and built our
system on a Raspberry Pi with Python (upgraded from
MicroPython on an Arduino compared to [30]).

3.2 Control Unit
The control unit, depicted in Figure 2, is comprised of three main
components: an electric circuit with optocouplers and resistors for
reading and creating desk signals, a mmWave presence detector,
and a Raspberry Pi for computing.

3.2.1 Reading and Creating Desk Signals. The seven-button keypad,
shown in Figure 1a, typical of the standing desk models that we
used for our implementation consists of two arrows for moving up
and down, four digits for preset heights, and one modification key
for assigning presets. Each key pressed on the keypad transmits
a specific signal to the desk motor module, which interprets the
signals and either moves the desk up or down. Haliburton et al. [30]
found that signals are transmitted using an 8P8C cable containing
eight wires (e.g., LAN cable). For each signal, certain combinations
of wires are activated. For instance, pressing preset button 1 on the

Figure 2: Control Unit with the circuit board, components,
and Raspberry Pi.

keypad activates wire 7 and 8, while preset 2 only activates wire 6.
We used this knowledge to read signals from the wires and send
custom signals by simulating keypad presses. We used two 8P8C
connectors, shown in Figure 2, to redirect the signals to our custom
circuit board, and used optocouplers to enable manual key presses
to pass through to the motor module.

3.2.2 Detecting User Presence. We used a HLK-LD2410 mmWave
sensor to detect user presence. mmWave sensors can detect even
small human movements such as muscle contractions or breathing.
The HLK-LD2410 operates on 24GHz, with a maximum detection
range of 5 meters. We set the detection range to 1.5 meters to
incorporate the desk owner’s space without registering far away
movement in case of an open office plan. We used the default values
for sensitivity and delay. We positioned the presence sensor at the
edge of the board, oriented towards the working area of the desk
(see Figure 1b and Figure 1c).

3.2.3 Board Design and Assembly. We designed the circuit board
in Autodesk Eagle and manually soldered the components. We used
a 90-degree angled pin row to orient the presence sensor outward
from the board. Specifically, we utilized 4N28 optocouplers, 90-
degree RJ45 sockets, and 1.2 kΩ resistors.

3.3 Pi Firmware
We used a Raspberry Pi Zero W, a low-cost single-board computer
with an integrated Wi-Fi module. For initial user setup, the Pi
establishes a local access point, and we implemented a small web
server to establish a connection and send Wi-Fi credentials and
a user ID. With this data, the Pi connects to the local network
and remote server with valid authentication. Once a successful
connection to the server has been established, the control unit
is able to send and receive data. When a command is received
(e.g., ‘move up,’ ‘move down,’ or any preset value from 1 to 4), the
corresponding wires are activated, and the signal is forwarded to

https://www.hlktech.net/index.php?id=988
https://www.hlktech.net/index.php?id=988
https://www.raspberryconnect.com/projects/65-raspberrypi-hotspot-accesspoints/158-raspberry-pi-auto-wifi-hotspot-switch-direct-connection
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(a) Virtual Keypad (b) Statistics Page (c) Settings Page

Figure 3: Overview of dashboard screens including (a) Virtual Keypad, (b) Statistics, (c) Settings.

the desk. The Pi checks every 10 seconds if either the desk height
or the presence status has changed. When a change is detected,
these values, together with the user ID, are published to the server.
For data exchange with the server, we used Socket.IO, a widely
adopted WebSocket library. The socket client receives commands
and publishes custom state objects with properties, such as desk
height and presence, in JSON format.

3.4 Standing Dashboard
We created a desktop application using Electron to provide statistics
and configuration options for users (Figure 3).

On the initial launch, users can either log in with their user-
name and password or create a new account. During the first login,
the user is prompted to connect to the control unit’s access point
and enter the credentials for the local Wi-Fi network. After data
transmission, the app is paired with the control unit and all other
dashboard pages become accessible. The virtual keypad, shown
in Figure 3a, offers the same movement buttons as the physical
keypad. When a user presses any of these buttons, the command
is sent to the server and then to the control unit, causing the desk
to move after a very slight delay. The current height is displayed
below the keys and updated in real-time.

We also implemented a statistics page (Figure 3b), which depicts
bar charts of personal standing and sitting time, as well as standing
goal progress. Users can select between Day and Week views and
navigate time ranges for the display. By clicking on the navigation
buttons for ‘Day,’ ‘Week,’ and arrows, different time ranges can be
selected for display.

The settings page, divided into general, movement, and custom
sections, provides options for users to define how their desk should
behave (Figure 3c). Detailed explanations of each setting, as well as
the system’s default configuration, are listed in Table 3.

Lastly, there is a user page that simply displays the ID, name,
and app version, primarily for debugging and internal use.

3.5 Server
We implemented a central server to store information, handle com-
munication between control units and dashboards, and to remotely
trigger desk transitions. In the following, we describe server end-
points, implementation, and the algorithm for desk autonomy.

3.5.1 Server Endpoints. Figure 4 provides an overview of how the
dashboard, control unit, and server endpoints interact. From the
dashboard, settings and user data can be both retrieved and sent
to the REST API, while statistics are only fetched. The data for
the statistics is pre-calculated on the server by using height and
presence information stored in the database. The dashboard also
connects to the socket server to receive desk height updates and
to send desk move commands. The control unit connects to the
socket server to receive desk move commands and to publish height
and presence data. We created five tables in the database: User, for
storing user credentials; Profile, for user settings; State, for desk
height, presence, and corresponding timestamps; Pi Connect, for
storing Pi connections; and Log, for monitoring server and user
activity.

3.5.2 Implementation. We used Postgres as a relational database
management system. We created Node.js projects for server end-
points, which are able to access the database using Sequelize, an
object-relational mapper for JavaScript. In our REST API, we pro-
vide CRUD (Create, Read, Update, and Delete) operations for all
database tables and use Express.js for creating endpoints. Using
Socket.IO, we created a WebSocket server that listens to client
events. Finally, we used node-schedule to run tasks at specific times
or intervals.

3.5.3 Triggering Desk Movement. Every 20 seconds, a server rou-
tine verifies whether one of the users’ desks needs to be moved. For
each user, a decision tree (see Figure 18 in Appendix A) is traversed
to determine if the desk should move and, if so, in which direction.
Initially, nine setting variables and five data variables are defined.
The procedure starts by checking if desk movement is generally
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Table 2: Settings Defaults and Descriptions.

Setting Default Description

Disable all desk movements False When activated, the desk never moves autonomously.
Key down 1 Preset key for moving the desk down.
Key up 2 Preset key for moving the desk up.
Daily standing goal 120 min Target number of daily standing minutes.
Absence until desk move 3 min Minimum time the user must be absent before the desk can move.
Move desk up in absence True When activated, the desk moves up if the user is absent.
Time sitting before up 60 min Minimum sitting time required before the desk can move up.
Move desk down in absence False When activated, the desk moves down if the user is absent.
Time standing before down 30 min Minimum standing time required before the desk can move down.
Keep desk down when goal is reached False When activated, the desk stays down after the standing goal is met.
Define custom move events [] List of specific timestamps for moving the desk up or down.

disabled. If it is, the algorithm terminates; otherwise, it checks for
custom movement events. If an event is detected, its direction is
identified, and the corresponding movement command is executed.
If no event is detected, the system checks whether the user has been
absent for at least the duration specified in the settings. If that is the
case, the system determines whether the desk is in a standing or
sitting position by checking its height against a threshold of 900 cm
based on prior work [63]. If the desk is in a standing position, the
setting for lowering it is verified, and the current standing duration
is compared to the minimum standing value in the settings. If both
conditions are met, the algorithm concludes that the desk should
be lowered. If the desk is in a sitting position, the algorithm checks
the setting for raising it and then compares the actual sitting dura-
tion with the configured minimum. Finally, the system evaluates
whether the daily standing goal has been achieved and whether the
setting to keep the desk down after reaching the goal is enabled. If
both conditions are true, the algorithm terminates; otherwise, the
desk will be raised.

The resulting command from this decision tree is transmitted
to the control unit to execute the movement. In summary, this
algorithm only allows desk transitions during user absence and
after a specified recovery period, except for custom movement
events, which can trigger desk moves at any time.

Figure 4: Networking between Server, Dashboard, and Con-
trol Unit.

3.6 Open Source
All source files (PCB design, 3D models, embedded firmware, and
software) are available online for replication: https://github.com/
mimuc/standing-desk-controller-2. Moreover, a static copy is avail-
able at: https://osf.io/t54a7/.

4 Study Design
We conducted a three-week within-subjects field study to evaluate
our system and understand user preferences toward automated
standing desks. We deployed the system in real workplaces to gain
insights with high ecological validity. All participants completed an
initial control week with no autonomous desk movements, followed
by two weeks with full functionality.

4.1 Procedure
We introduced the participants to the study and obtained informed
consent. We then installed a controller on each participant’s desk
and had them assign a preferred sitting and standing height to two
of the preset buttons if they were not already set. The participants
then completed a pre-study questionnaire to collect demographics
and previous standing desk usage. All participants completed a one-
week baseline where our system recorded height information, but
did not move the desk autonomously. Following the baseline, the
participants completed a mid-study questionnaire and then used
the Standtroller for two weeks. Finally, the participants answered
a post-study questionnaire and participated in an exit interview.
An overview of the study procedure is depicted in Figure 5. We
instructed the participants to use their desk normally in the baseline
week and to adjust the settings to their liking during the active
weeks. All participants were required to complete three full work
weeks of data (i.e., 15 study days). If participants missed a day of
interaction with the desk for any reason, such as working from
home, their participation was extended by a day.

4.2 Measures and Analysis
We collected data via system logs, questionnaires, and interviews.
All questionnaires and interview questions are included in the
supplementary material.

https://github.com/mimuc/standing-desk-controller-2
https://github.com/mimuc/standing-desk-controller-2
https://osf.io/t54a7/
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Figure 5: Study Procedure: Participants complete a pre-study
questionnaire followed by a one-week baseline. Participants
then complete a mid-study questionnaire and use the au-
tonomous desk for two weeks. Finally, they complete a post-
study questionnaire and an exit interview.

We measured user presence using the mmWave sensor and desk
height directly from themotormodule on the desks. Thesemeasures
enabled us to calculate daily durations of sitting and standing. We
analyzed the portion of time spent in sitting and standing positions,
the number of transitions between sitting and standing, and the time
between automated desk raises and manual lowering actions. We
performed nested ANOVA procedures to analyze the results with
Bonferroni-corrected post-hoc pairwise t-tests where appropriate.

For the questionnaire results, we analyzed the standard scales
(User Experience Questionnaire (UEQ) [57], AttrakDiff [33], and
System Usability Scale (SUS) [10]) based on their documentation. In
line with Haliburton et al. [30], we collected Likert-scale responses
to positive (motivation to stand, motivation to be active, goal ac-
complishment, and likelihood to use the system in the future) and
negative perceptions (frustration, stress, interruption, and feeling
forced to stand), and asked them to estimate their standing time. It
is important to note that these Likert responses are not validated
questionnaires, but are consistent with prior work [30]. We used
ANOVA procedures to analyze the responses. Where applicable,
post-hoc pairwise t-tests were performed with Bonferroni correc-
tions.

Finally, we collected qualitative feedback both through open-
ended questions in the questionnaires and through interviews. We
recorded all interviews with consent and transcribed them verba-
tim. One author independently coded the interview materials using
Atlas.ti1 analysis software. Based on the exploratory nature of the
study and the small sample size we followed a reflexive thematic
analysis in which themes were developed inductively through iter-
ative engagement with the data [7]. As reflexive thematic analysis
treats the researcher’s interpretation as the primary analytic tool,
inter-rater reliability is epistemologically incompatible with the
approach and was therefore not applied[8].

4.3 Participants
We recruited 13 participants, aged 28-32 years,𝑀 = 29.8, 𝑆𝐷 = 1.46
(6 female, 6 male, 1 non-binary). We used snowball sampling to
identify and recruit individuals who were already standing desk
users. Ten of the participants had been using a standing desk for
over one year, two between six months and one year, and one for
less than one month. As motivation for using a standing desk, seven
participants cited health-related factors, three mentioned improved

1https://atlasti.com
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Figure 6: Portion of time spent standing. Participants stood
significantly more in the autonomous phase compared to the
manual condition.
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Figure 7: Participant estimations of the number of hours
spent standing per day. There are no significant differences.

concentration, and three noted that they use it simply because
their employer provided it. All participants used Kerkmann desks
purchased by their employers.

5 Results
We collected both quantitative and qualitative data from various
sources to investigate users’ experience with an autonomous stand-
ing desk. We first analyze the log data from the controller, and
then the quantitative data from the surveys. The post-study inter-
views lasted an average of 16.8 minutes (𝑆𝐷 = 6.8min). We present
the exit interview results alongside the quantitative results, where
appropriate.

5.1 Standing Time
Figure 17 depicts the portion of time participants spent standing
during the manual and autonomous study phases. The results re-
veal a notable increase in standing activity during the autonomous
phase. On average, participants stood for 5.7% of the workday in the
manual phase and 13.8% in the autonomous phase. Figure 6 shows
the portion of time spent standing in both conditions. After no sub-
stantial deviation from normality according to a Shapiro-Wilk test
(𝑊 = .95, 𝑝 = .667) was shown, we performed a repeated-measures
ANOVA, which revealed a significant effect (𝐹 (1, 12) = 18.978,

https://atlasti.com
https://kerkmann-bueromoebel.de/produkte/bueromoebel
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Figure 8: Plot with three groups for time to down and pro-
portion of standing time.

𝑝 < .001, 𝜂2
𝐺

= .242). This indicates a significant increase in the
portion of time spent standing in the autonomous phase compared
to baseline. We asked participants to estimate the time they spent
standing, shown in Figure 7. While no substantial deviation from
normality according to a Shapiro-Wilk test (𝑊 = .91, 𝑝 = .181),
a repeated-measures ANOVA showed no significant differences
(𝐹 (1, 12) = 3.024, 𝑝 = .107, 𝜂2

𝐺
= .062).

We compared the time between an autonomous desk raise and
the next desk lower (“time to down”) with the portion of time spent
standing. We clustered the resulting data using K-Means with three
centers. As shown in Figure 8, we identified three distinct groups:
“Unreceptive Sitters” who tend to move their desk back to sitting
position quickly and have the lowest standing portions, “Partly
Receptive Standers” who stood longer after a desk raise and had
higher standing portions, and finally “Receptive Standers” who
accepted the standing position for long periods and stood the most.
To assess the separability of the exploratory profiles, we computed
silhouette widths for the three-cluster solution, yielding an average
silhouette width of 0.63, indicating moderate cluster separation
despite the limited sample size. Pearson correlation assumptions
were assessed prior to analysis; however, we found them to be
violated. Therefore, we performed a Spearman’s rank correlation
coefficient, which revealed an association between “time to down”
and “portion of time spent standing,” 𝜌 = .904, 𝑝 < .001.

5.2 Use of Statistics Page
We calculated the number of hours in which participants viewed
the statistics page at least once. Again, we clustered the partici-
pants using K-Means with three centers. As shown in Figure 9,
we identified three groups: “Statistics Ignoring Sitters” who rarely
checked the statistics page and had the lowest standing time, “Low
Statistics Standers” who also had low engagement with statistics
but have notably higher standing portions, and finally “Statistics
Checking Standers” who checked statistics frequently and stood the
most. Interestingly, “Unreceptive Sitters” and “Statistics Ignoring
Sitters” consist of the same participants. To assess the separabil-
ity of the exploratory profiles, we computed silhouette widths for
the three-cluster solution, yielding an average silhouette width

of 0.54, indicating moderate cluster separation despite the limited
sample size. Pearson correlation assumptions were assessed prior to
analysis; however, we found them to be violated. Therefore, we per-
formed a Spearman’s rank correlation coefficient, which revealed a
non-significant positive correlation between “Hours With at Least
One Statistical Check” and “Portion of Time Standing,” 𝜌 = .255,
𝑝 = .4.

We gathered additional insights in the exit interviews on how
users perceived the statistics page. Some found it motivating:

“It was nice to see the weekly stats, how much I stood. I
think it was kind of encouraging and was definitely a
motivating part of the app.” (P1)

However, some other participants forgot about the statistics page
and were not prompted to revisit it:

"When I installed the app, I had a look at it, but then I
closed it and forgot about it." (P3)

5.3 Usability and User Experience
We used the SUS to assess system usability, as shown in Figure 10.
The average scores, 89.6 for manual and 75.4 for autonomous, are
both classified as usable according to the documentation. After a
Shapiro-Wilk test (𝑊 = 0.76, 𝑝 = 0.003) revealed that the data is not
normally distributed, we performed a Wilcoxon signed-rank test,
which revealed a significantly higher score for the manual desk
compared to the autonomous desk (𝑉 = 88, 𝑝 < .001, 𝑟 = 0.84). We
administered the AttrakDiff questionnaire to evaluate the system’s
pragmatic and hedonic qualities. We found no significant effects
(Figure 11). Finally, we used the UEQ to assess user experience. As
depicted in Figure 12, we found a significant effect for the nov-
elty sub-scale (Shapiro-Wilk test:𝑊 = 0.94, 𝑝 = 0.449, ANOVA:
𝐹 (1, 12) = 5.446, 𝑝 = .038, 𝜂2

𝐺
= .154).

5.4 User Perceptions
Figure 13 and 14 show the participants’ perception of their current
standing behavior and their wishes for the future. There were no
significant differences in either case (current: 𝑉 = 10, 𝑝 = 0.188,
𝑟 = 0.38; future: 𝑉 = 0, 𝑝 = 0.125, 𝑟 = 0.33).
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Figure 9: Plot with three groups for statistical checks and
proportion of standing time.
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Figure 10: SUS scores for the manual and autonomous desk.
There is a significant effect.

We evaluated users’ positive and negative perceptions of the
manual and autonomous desks. Figure 15 depicts results for positive
perception. As Motivation was not normally distributed (Shapiro-
Wilk:𝑊 = 0.84, 𝑝 = 0.019), using a Wilcoxon signed-rank test,
we found a significant increase of Motivation (𝑉 = 0, 𝑝 = 0.008,
𝑟 = 0.76). Activeness had no substantial deviation from normality
according to a Shapiro-Wilk test (𝑊 = 0.92, 𝑝 = 0.257). Thus,
we performed an ANOVA, which revealed a significant difference
(𝐹 (1, 12) = 9.903, 𝑝 < 0.01, 𝜂2

𝐺
= .270). However, there was no

difgnifcant different for Goals (Shapiro-Wilk test:𝑊 = 0.94, 𝑝 =

0.449, ANOVA: 𝐹 (1, 12) = 1., 𝑝 = .337, 𝜂2
𝐺

= .025) and Future
(Shapiro-Wilk test:𝑊 = 0.96, 𝑝 = 0.681, ANOVA: 𝐹 (1, 12) = .293,
𝑝 = .598, 𝜂2

𝐺
= .006).

For the negative perceptions, shown in Figure 16. We found
no substantial deviation from normality according to a Shapiro-
Wilk test (𝑊 = .96, 𝑝 = .707); afterward, an ANOVA revealed a
significant effect for Frustration (𝐹 (1, 12) = 13., 𝑝 < 0.01, 𝜂2

𝐺
=

.285). Interruption was not a substantial deviation from normality
according to a Shapiro-Wilk test (𝑊 = 0.91, 𝑝 = 0.162). An ANOVA
revealed a significant effect (𝐹 (1, 12) = 11.339, 𝑝 < 0.01, 𝜂2

𝐺
= .287).

Similarity for Forcing (Shapiro-Wilk test:𝑊 = 0.93, 𝑝 = 0.323),
for an ANOVA revealed a significant effect (𝐹 (1, 12) = 14.980,
𝑝 < 0.01, 𝜂2

𝐺
= .346). However, an ANOVA revealed no significant
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Figure 11: AttrakDiff results, divided into hedonic and prag-
matic attributes, showing no significant effect.
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Figure 12: UEQ: Attractiveness (A), Perspicuity (P), Efficiency
(E), Dependability (D), Stimulation (S), and Novelty (N). There
is a significant effect for Novelty.
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Figure 13: Feelings towards current standing time.
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Figure 14: Goals for future standing time.

differences for Stress (Shapiro-Wilk:𝑊 = 0.94, 𝑝 = 0.406, ANOVA:
𝐹 (1, 12) = 2.161, 𝑝 < .167, 𝜂2

𝐺
= .048).

In the exit interview, we also asked participants if they felt forced
by the anonymous desk. Four participants (P2, P5, P8, P9) felt forced
or under some pressure to stand up from the desk. For three par-
ticipants (P3, P7, and P11), it was not a force but a nudge to stand
more. The remaining six participants (46%) did not feel a force or
urge asserted by the desk.

We additionally gathered both positive and negative user per-
ceptions in the exit interviews. Users generally appreciated that the
desk moved in their absence and provided them with opportunities
to stand:

“So what I really liked was that it created these really
easy opportunities for me to use it in the standing mode,
since it basically moved up when I was out of the room,
or at least not at the desk. So sometimes when I would
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Figure 15: Positive perceptions. There is a significant effect
for Motivation and Activeness.
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Figure 16: Negative perceptions. There is a significant effect
for Frustration, Interruption, and Forcing.

come back, I thought, sure, why not stand for a while”
(P1)

Other participants did not fully appreciate the desk raise, but it
was no effort for them to move it down again:

“I came back to a desk that was standing after lunch, or
after I went to the bathroom. But when I noticed it, I just
pressed the button down. It basically took one additional
step to get back to work. But it wasn’t an annoying step.”
(P6)

For some participants, it felt more like an obligation they had to
follow, which sometimes led to frustration:

“Whenever I had to go somewhere, the desk would go
up again. So I had to put it down, and that always
distracted me from my work.” (P2)

In some cases, the desk moving on its own was a reminder to
users that their desk has standing capabilities, and inspired them
to make use of it:

“Every time the desk moved up on its own, it made me
think about how I structure my day and where I could
integrate standing.” (P4)

5.5 System Settings
Only five participants (P5, P7, P8, P11, and P13) adjusted the settings;
all others relied on the default configuration. Most changes were
made on the first day of the autonomous phase. Responses in the
interview confirm and shed light on these records.

Participants mentioned a lack of time as motivation for leaving
the default settings:

“I didn’t want to look at the app because I didn’t have
time for that, or I didn’t take the time at least.” (P2)

Other participants were uncertain about how to change configu-
ration values:

“I thought about changing it, but it felt tedious. Like if
I put in six minutes here, is that enough? I don’t know
what time to choose here. So I just leave it like it is.” (P4)

5.6 Improvements
We asked participants if they could imagine using the autonomous
system from now on, and 11/13 participants answered “yes.” How-
ever, all participants suggested improvements that they would like
to have in a future system.

A common desire expressed was for the desk to learn patterns
and adapt to behavior:

“Maybe the system can check my habit and maybe an-
alyze a little bit and try to adapt to my person.” (P12)

Participants also suggested calendar integrations to give the
system more knowledge about their schedule, and therefore know
when to move up or down:

“I would actually love to tie it to my calendar [...] if
you see a specific type of appointment in my calendar,
which is a meeting, go up.” (P4)

Moreover, several participants mentioned that they would like
to have notifications that suggest standing or provide feedback on
standing goals:

“I missed a reminder to get up when I was sitting for an
extended period of time. Because there were times when
I was sitting for two hours of writing, and it would not
go up.” (P8)

Finally, some participants suggested that gamification and
social connectivity could increase their standing motivation.

“I like having a competition board and a way to share
your goals with your friends.” (P8)

6 Design Recommendations
Our results showed that an autonomous standing desk that transi-
tions in the absence encouraged users to stand more, but proactive
feedback and a simplified configuration could better support users’
standing goals. We expand upon our findings in the following con-
crete design recommendations.

6.1 Desk Transitions in Absence are an
Appreciated Nudge

Participants reported that the desk did not interfere with their tasks
when it moved in their absence, and arriving at an elevated desk
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Figure 17: Portion of time spent standing for participant on each active day during both the Manual and Autonomous phases. A
full day of standing is represented as 1, while no standing is represented as 0.

was often accepted. This aligns with past work investigating opti-
mal moments for desk transitions [30, 45]. The mmWave presence
sensor proved to be an effective technology for detecting inter-
vals during which users were absent from the desk. Participants
reported no false negative detections during the study, which is
highly important as the occurrence of false negatives would lead to
desk transitions at inconvenient times. However, when evaluating
the results, we found that some false positive detections occurred,
for example, in the middle of the night, even though no user was
present at the desk. These should be identified and removed in
future iterations to ensure that standing statistics are displayed
correctly, but are already straightforward to filter out in the current
format.

6.2 Configuration Must Be Intuitive and
Actively Suggested

Only some participants took the initiative to change settings, pre-
dominantly on the first day of the study. Interview responses sug-
gest a need to simplify the configuration and remind users to revisit
it. One way to implement this would be a simple popup at the begin-
ning of the day asking, “Would you like to stand more or less than
yesterday?” Based on the user’s responses, the desk could adjust
its behavior over time. Similarly, the system could identify manual
desk adjustments and ask for feedback, such as, “Would you like to
sit longer before standing up?” This approach removes the need for

users to think about exact values, allowing them to answer simple
‘yes’ or ‘no’ questions instead.

6.3 Adapt Desk Behavior Through Intelligent
Systems

Another approach to solve the issue of users not personalizing
the desk behavior would be for the system to dynamically adjust
the settings on its own. This aligns with statements from partic-
ipants saying that they want their desks to automatically adapt
to their behavior. To achieve this, an AI model could be trained
with user related data, such as presence, desk height, keypad usage
and dashboard interactions. Over time, the model could identify
suitable desk configurations for individual users. There are already
research projects in related health-focused domains exploring how
machine learning techniques and predictive models can influence
motivation [5] and enable dynamic goal setting [66]. Personaliza-
tion could be further improved by connecting the user’s calendar
with the system, allowing it to retrieve time- and context-related
information.

6.4 Proactive Feedback on Standing Time Could
Help Reflection

Our participants noted that the statistics in the dashboard were
motivating, but many users forgot to check them. We suggest pre-
serving the general overview of standing time, but additionally
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providing proactive feedback on standing progress. This could
be realized via notifications with reinforcements like “Yesterday
you stood longer than usual. Keep up the good work!” or friendly
warnings like “You sat for 3 hours in a row, how about standing
up?” Past work has shown that such notifications can increase the
amount of sit-stand transitions and can contribute to overall stand-
ing time [58, 59]. Additionally, we suggest enriching the dashboard
with gamification elements such as daily challenge completion
charts, progress bars, streaks, badges etc. as it has proven beneficial
as a habit-forming method [34, 36, 37, 46]. It is worth noting that
the gamification elements need to be implemented with care and
tested with users to see if they are accepted and effective.

6.5 Limitations & Future Work
There are several limitations to our study design. Firstly, partici-
pants had varying daily office working hours, meaning some spent
notably more time at their desks compared to others. Additionally,
some participants missed certain study days due to working from
home or being on vacation, which required us to extend the study
period by a few days for those users. Participants also reported
experiencing varying levels of stress during the study from work-
related challenges, which may have influenced their engagement
with our system. We chose not to analyze the effects of these fac-
tors as they arose randomly. While we cannot determine whether
these factors affected the study results, we argue that the ecological
validity gained by conducting our study in the field outweighs the
potential downsides of confounding external factors.

We conducted our study over a period of three weeks, which is
too short to measure long-term behaviors and trends [1]. Conse-
quently, we cannot comment on the effectiveness of our system
in enacting long-term behavior change. However, we selected a
duration that was practical to conduct while aiming to allow par-
ticipants to overcome novelty effects. We recommend that future
studies extend to at least six weeks to allow for new habits to de-
velop [40]. This extended study would also reduce the influence
of external factors, such as work-related stress or office absences,
since they should balance out over longer periods of time. Addi-
tionally, while we found a significant increase in standing time,
participants still had a lower average portion of time compared to
the 26% recommended by Kar and Hedge [38]. Another future study
is required to understand whether the increase in standing time
from a system like ours has clinically meaningful health benefits
for users.

Another potential limitation of our study design is the sequential
order of the conditions. All participants did a baseline first, followed
by an active period. While counter-balancing the conditions would
be sensible if we had multiple difference active conditions, in this
case we one implemented a baseline condition and a single active
condition. All of the participants were already standing desk users,
so doing the baseline condition first was the best way to capture
participants’ natural desk interaction behaviors.

We also identified some improvements to our board design and
implementation. For instance, we experienced some connection
issues between the control unit and the server, which may have
been caused by hardware limitations of the Raspberry Pi Zero
or by the instability of the local Wi-Fi networks. When building

upon the current prototype, reliable network adapters should be
utilized, and stable Wi-Fi networks should be ensured in every
office for future studies. An additional hardware constraint is that
our controller is not universally applicable. Some manufacturers
use two-button keypads or paddle-style controllers, both of which
are not inherently compatible with our control unit. However, our
design could be adapted to other desk configurations while using
the same conceptual approach for control.

7 Conclusion
In this work, we designed, implemented, and evaluated an open-
source plug-and-play system that autonomously adjusts the height
of standing desks while users are absent. We developed a desk-
attached control unit that measures user presence and adjusts desk
height, a desktop application to visualize standing time and provide
a configuration interface, and a back-end. To evaluate our design,
we conducted a three-week field study with standing desk users to
measure standing time, track application usage, and gather qual-
itative feedback. Our results show that users stood significantly
more with the Standtroller, but proactive feedback and a simplified
configuration are needed to better support users’ standing goals.
We contribute our open-source system and concrete design recom-
mendations for developers of future systems. Our work provides
insights on how autonomous office furniture can motivate users
to be more active at the workplace, which can mitigate the health
risks associated with prolonged sedentary work time.

Open Science
We encourage readers to reproduce and extend our results and anal-
ysis methods. Therefore, our experimental setup collected datasets,
and analysis scripts are openly available on the Open Science Frame-
work (https://osf.io/t54a7/). Additional the code for the Standtroller
is available at: https://github.com/mimuc/standing-desk-controller-
2.
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A Appendix

Table 3: Configuration settings of the standing desk con-
troller.

Name Setting Type

movement_disabled Disable all desk move-
ments

bool

goal Daily standing goal int
min_duration_absence Absence until desk moves int
move_desk_up Move desk up in absence bool
min_sitting_before_up Time sitting before up int
move_desk_down Move desk down in ab-

sence
bool

min_standing_before_down Time standing before
down

int

keep_down_when_goal_reached Keep desk downwhen goal
is reached

bool

custom_events Define custom move
events

list

Table 4: Runtime variables available to the standing desk
controller.

Name Source Data Type

desk_height desk height int
duration_absence presence int
standing_today presence, desk height int
current_sitting_time presence, desk height int
current_standing_time presence, desk height int
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Figure 18: Decision tree for moving the desk.
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