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ABSTRACT

In the past decade, globalization and digitization have not only changed the way we
work, but also the environment in which we work. More and more companies are
introducing desk sharing office concepts in which employees must share a worksta-
tion. However, this poses challenges for ergonomic workplace design as constant
and ergonomically correct workstation settings can hardly be guaranteed. Neglecting
ergonomics at workplace, though, can cause musculoskeletal disorders. Therefore,
a concept and prototype for a system are proposed which automatically adjusts the
workstation to the individual’s anthropometric characteristics. A setup of different
mechanical and electronical components using microcontrollers, ultrasonic distance
sensors and linear actuators assures an automatic adjustment where users only must
sign in with their ID. An initial field study shows that the system can achieve high user
acceptance. Simplicity, speed, and convenience are seen as added value of the system.
The results have potential for future studies.

Keywords: Ergonomics, Anthropometry, Usability, New work, Automation, Workplace
intervention

INTRODUCTION

Increasing globalization and digitization as well as the COVID-19 pandemic
have significantly changed the way we work (Schwahn et al., 2018). Instead
of in-office work hybrid work has become the standard. This massively influ-
enced work environments in the office and home office context. More and
more companies provide non-territorial offices, which are based on the desk
sharing principle (DGUV 2016). In desk sharing employees have an assigned
workplace but must share it sequentially with at least one other person. With
the concept of non-territorial offices, however, the personal assignment of
workplaces is completely abolished and workplace organization systems like
so-called desk hoteling or hot desking become present (Duffy, 1992; Fawcett
and Rigby, 2009; Schmalzl et al., 2004).

Ergonomic workplace design for each individual user is an essential cri-
terion to prevent musculoskeletal pain and disorders (Ayanniyi et al., 2010;
Bergqvist et al., 1995; Borhany et al., 2018). The ergonomic setup of a work-
place includes, among other things, the adjustment of the desk height, office
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chair and armrest height, the height and positioning of the monitors as well
as the positioning of the overall work equipment (e.g., mouse, keyboard,
telephone) with respect to the individual characteristics of the user.

While ensuring ergonomics in the context of classic office concepts with
permanently assigned workplaces is already a challenge, it becomes more
complex in the context of non-territorial office concepts and flexible work-
places. The consequence: The individual characteristics and needs of indi-
vidual employees are usually not considered in the context of desk sharing
concepts. The ergonomics of the workplace and thus a healthy performance
of activities can no longer be guaranteed (Burton, 1984; Grandjean et al.,
1983).

The aim of this work is to design a concept and prototype for an ergonomic
workplace that automatically adjusts to the individual anthropometric cha-
racteristics of the user. As an essential aspect of ergonomics, anthropometry
aims at the geometric setting and alignment of workplace equipment based
on the body dimensions of the user (Schmidt and Luczak, 2015). Following
a human-centered approach, the goal of this concept is a solution where the
user does not have to adapt to the workplace, but the workplace adapts to
the respective user.

We apply the Design Science Research (DSR) research paradigm, which
aims to create and evaluate new solutions in the form of artifacts, such as
methods, models, instances, or products, in order to solve real-world pro-
blems. DSR is a problem-solving paradigm and the goal is to develop new
outcomes, so-called artifacts, through a practical research approach. Hevner
and Chatterjee have developed a model that consists of three cycles: the Rele-
vance Cycle, the Design Cycle and the Rigor Cycle. The Relevance Cycle aims
to identify the relevance of the topic and all related requirements in order to
outline and specify the context of use and the problem itself. The Rigor Cycle
focuses on maintaining a certain level of research rigor by applying scienti-
fic methods and consistently integrating existing knowledge into the design
process. The Design Cycle includes the development of the design solution
in the form of artifacts as well as the evaluation of these artifacts. All three
cycles are thus interdependent and form an iterative process in which each
cycle contributes to the improvement and refinement of the design solution.

THEORY AND RELEVANCE

Non-territorial offices based on desk sharing principles have become popu-
lar, allowing a flexible use of workplaces on the one hand, but neglecting
the individual needs and occupational health on the other hand. Many stu-
dies deal with so-called work-related diseases that can be caused by a variety
of risk factors at work. Especially musculoskeletal disorders (MSD) are very
common in the context of occupational work (Anderson et al., 1997; Arda-
han and Simsek, 2016; Bauer et al., 2016). According to the World Health
Organization (WHO), approximately 1.71 billion people worldwide are affe-
cted by MSD, with lower back pain accounting for the largest proportion of
prevalence (Cieza et al., 2020). Not only worldwide, but also within Europe
and particularly in Germany, MSD are among the most common diseases
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(Horlemann, 2022). According to statistics from a German health insura-
nce regarding the reasons for incapacity of work, MSD are the second most
common cause of employee absence after respiratory diseases. In terms of
the duration of absenteeism, MSD are even leading (Schumann et al., 2022).
Particularly back pain is the most common cause of absenteeism and work
disability and for making use of the German healthcare system (Andersohn
and Walker, 2016).

While this data refers to the correlation of occupational work and MSD
in general, there are many studies which particularly explore the correla-
tion of white-collar work and MSD. Most of these epidemiological studies
show that there is a positive correlation between computer work and muscu-
loskeletal complaints (Ayanniyi et al., 2010; Borhany et al., 2018; Cagnie
et al., 2007; Eltayeb et al., 2007; Feuerstein et al., 1997; Jensen, 2003;
Weersted et al., 2010;). Especially the lack of workplace adjustment in rela-
tion to the individual anthropometry of the user has been identified as a
major cause. It has been shown that the correct adjustment of each work-
place component is essential to prevent MSD. For example, there is strong
evidence that both vertical and horizontal monitor orientation are major
triggers of MSD symptoms, as they influence neck posture (Cagnie et al.,
2007; Pillastrini et al., 2010; Straker and Mekhora, 2000). Similar findings
have been obtained in relation to the adjustment possibilities of office chairs
(Faucett and Rempel, 1994; Wersted et al., 2010). For example, Delle-
mann and Berndsen (2002) studied the interdependence between monitor
and office chair settings with posture and occurring muscle strain. Straker
et al. (2008) also found that the matching of monitor and desk height is
crucial for minimizing the risk of MSD, as they significantly influence head
and arm posture. Furthermore, they emphasized the general importance of
a properly adjusted workstation as a prerequisite for an ergonomic working
posture.

Due to the scientifically proven negative effects of office and computer
work on human body, there is a need for health-promoting measures to pre-
vent and reduce MSD and other health issues. Both behavioural prevention
and situational prevention are important components in ensuring ergono-
mics. An ergonomic equipment of the workplace is ineffective if the user is
left to set it up himself. On the other hand, interventions such as ergonomic
training or instructions on an ergonomic workstation setup are ineffective
if there is a lack of ergonomic adjustment options of the workplace compo-
nents. Individual workstation adjustments by experts or training on proper
adjustment are also expensive and impractical, especially in the context flexi-
ble workplace and time models. Furthermore, these usually only reach a small
part of the employees and do not ensure that the final adjustments made by
the employee are correct and consistently maintained. Existing solutions such
as online tools or solutions from the office furniture industry that calculate
the correct workstation settings based on body height are inaccurate because
they are based on an incorrect calculation approach and thus cannot ensure
individual ergonomics. Currently, there is a lack of preventive measures that
effectively and sustainably ensure individual ergonomics. A holistic solution
is needed that considers the individual anthropometry for the adjustment
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of each workstation component and permanently ensures ergonomics in the
workplace.

By automating the adjustment of workstation components in depende-
nce on individual anthropometric measurements, aspects of behavioural
prevention as well as situational prevention are considered, and indivi-
dual ergonomics can be effectively ensured even in the context of non-
territorial based offices. This approach has not yet been pursued in
research.

CONCEPT AND PROTOTYPE

The focus of the solution approach is the adaptive adjustment of the chair,
desk and monitor height with regard to the respective user. Essential compo-
nents and functions were identified that are necessary to design and build
an automated self-adjusting workplace. These include the acquisition of
the required anthropometric measurements (popliteal height, elbow height,
elbow rest height, eye height sitting, eye height standing), the determination
of the corresponding heights based on the measured body dimensions, as
well as the user-specific setup of the workstation. Furthermore, appropriate
motors and drive technology, a control system as well as data storage and
transmission are required. So that the workstation components adopt a spe-
cific setting value, they need to know the current motor position to be able
to move into the right direction in relation to the target value. A final impor-
tant aspect lies in the interaction design. Even if automated systems relieve
the user of the tasks required to achieve the goal, some form of interaction
is still required so that a user can use the system effectively and control it to
a certain degree. A user interface is an important component to ensure the
usability of a system and thus one of the four essential basic concepts of ergo-
nomics (Stowasser, 2012). For this purpose, the system must be simple and
understandable and must provide the user with information on the system
status and feedback on the actions performed (DIN EN ISO 9241-11, 2018;
Nielsen, 1994).

A possible solution considering the previous requirements was designed
as follows: The required anthropometric measurements of the employee are
taken once using an anthropometric chair. The corresponding heights of the
workstation components are derived from these measurements applying DIN
ENISO 9241-5 (1999). The prototype itself is realized with the Arduino Inte-
grated Development Environment (IDE). Each workstation is equipped with
a module which includes a NFC-reader and a graphical user interface using a
LCD and acts as the central control unit. Once the user has been identified via
his NFC-based ID card, the corresponding setting parameters are called up
and transmitted to the electrically adjustable workstation components (table,
chair, monitor), which are also equipped with a microcontroller. The system
uses the ESP-NOW communication technology to transmit the data. In this
case one sender and three receivers for ESP-NOW communication are regi-
stered. The table receiver is connected to a third-party unit which controls the
motors of the height-adjustable desk, the monitor receiver is connected to a
linear actuator which replaces a usual monitor mount and the chair receiver
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Figure 1: System setup using ESP microcontrollers.

is also connected to a linear actuator which replaces the usual gas spring. The
respective setup is shown in Figure 1.

While the table receiver uses the integrated height measurement of the
third-party hardware, the other receivers are connected to ultrasonic distance
sensors. All three compare their current height read by the sensors with the
target height sent by the user interface component and automatically move
to the ergonomically correct position of the user.

EVALUATION

A field study was conducted to evaluate the system. Therefore, we instal-
led and calibrated the system in a public coworking environment. Twelve
participants, aged 29 to 42 years, randomly acquired in the respective wor-
king area, took part in the evaluation. All are employed, have an office job
and the opportunity of mobile work, e.g., in the home office, in the cowor-
king space or at other locations. Eleven people use this option. Most of the
participants work most frequently in the home office or at the company’s
intended workplace. Six participants spend 50 to 74 percent of their wor-
king hours at their desks. When being asked whether they work at their own,
permanently assigned workplace or whether they must share it with other
people, five stated that they had their own workplace. Four of them must
sequentially share a specific workplace with other colleagues and three people
find non-territorial office space in their company where there are no assigned
workplaces.
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We used the System Usability Scale (SUS) questionnaire (Brooke, 1995)
to evaluate the prototype. The SUS is a widely used, technology-independent
questionnaire for the quantitative assessment of the usability of a system. The
questionnaire contains ten items, each based on a five-point Likert-type scale
from “Strongly disagree” (1) to “Strongly agree” (5), where only the two
extreme points are labeled. Eight of these statements refer to the perceived
ease of use. The other two items relate to the perceived learnability of the
system (Lewis and Sauro, 2009, p. 9).

The evaluation results show that both attributes, usability, and learnabi-
lity, are both high (see Figure 2). The SUS score, which is the average of the
scores of all twelve participants, is 94 (see Figure 3). Based on the acceptabi-
lity ranges, this corresponds to a high level of acceptance. However, the value
should be viewed critically. The SUS score does not reveal any obstacles users
may encounter while using the system. So despite the high score, negative
usability problems can be present. On the other hand, the comparison with
a benchmark such as the average score of 68 determined by Sauro and Lewis
(2018) should always be made regarding the examined system or product
and its context of use. Since no further data is available here, no statement
can be made in comparison to similar systems.

| think that | would like
to use this system
frequently.
| needed to learn a lot of things

before | could get going with i

|found the system

Sample size this system. unnecessarily complex.
n=12
Mode = Median | felt very confident | thought the system
—c— using the system. . e was easy to use.
1 = Strongly disagree . K
D 2 I think that | would need the
£ 1found the system very 3 support of a technical person to
3 = (Neither agree nor disagree)* cumbersome to use. 4 /s be able to use this system,
4 = (Agree)*
4 .

5 = Strongly agree

* Scale points 2,3,4 are not labeled

1 would imagine that most
people would learn to use
this system very quickly. I thought there was too
much inconsistency in

this system.

I found the various
functions in this system
were well integrated.

Figure 2: Item-based evaluation SUS questionnaire.

Average SUS = 68
(Sauro and Lewis, 2018)

@ SUS-SCORE = 94

Not acceptable Marginal
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SUS SCORE 0 10 20 30 40 50 60 70 80 90 100

Figure 3: SUS score results.
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CONCLUSION

The study aimed to implement a system for self-adjusting office workstations
that ensure individual ergonomics. It emphasized the importance of ergo-
nomics and its theoretical fundamentals and anthropometry as an essential
subfield. The study also highlighted the potential health consequences of dis-
regarding the necessary requirements for an ergonomically correct workplace
adjustment. The examination of existing solutions in research and practice
has shown that there currently is no solution that can effectively and sustai-
nably ensure individual ergonomics. The study explored the automation of
the workplace setup as a possible solution, especially in desk sharing conce-
pts. A prototype was developed that focuses on the height adjustment of
the three workstation components: table, chair, and monitor. Combining
microcontrollers, linear actuators, ultrasonic distance sensors and NFC tech-
nology with the Arduino IDE, the workstation components adapt to each
user individually based on their body measurements.

A formative evaluation showed that the system was generally well-
accepted, with users finding the interaction via NFC simple, fast, and a
low-threshold solution. Automation itself was considered a benefit and,
therefore, a core feature of the solution because it ensures a quick and uncom-
plicated setup. Moreover, it provides a feeling of security and well-being by
preventing an incorrect workplace adjustment. Regarding the settings based
on anthropometric measurements, the study found that the determined tar-
get settings were mostly accepted. Only a few participants wanted to make
minimal adjustments to the settings. Generally, the desire for greater con-
trol over the system emerged, which allows subsequent changes to target
values and manual adjustment or storing of different heights, arising from
the need for more relaxed settings throughout the day. Overall, the study
demonstrates the feasibility and potential benefits of an automated system
for workstation adjustment according to individual ergonomic requirements.
It provides a solution to the lack of sustainable and effective systems for
ensuring individual ergonomics in the workplace.

Nonetheless, the study is also bound to some limitations. The text discus-
ses the application of anthropometric measurements in order to determine the
correct setting values. Anthropometric measurements are taken in a refere-
nce body posture to ensure data comparability (DGUYV, 2019; DIN 33402-1,
2008; DIN EN ISO 9241-5, 1999). However, body dimensions measured in
the reference posture can deviate from a comfortable (physiological) posture
by approximately 1 to 1.5 percent. Therefore, measurements that depend on
the extension of the spine (e.g., body height, eye height in sitting and standing,
elbow height in sitting and standing) are usually smaller in practice than in
standard measurements (DIN 33402-2, 2020). The adjustment values calcu-
lated from the anthropometric measurements cannot guarantee one hundred
percent accuracy and are therefore only an approximation. Furthermore,
these reference postures do not correspond to a recommended posture that
should be adopted over a longer period of time. Current occupational rese-
arch recommends a dynamic posture characterized by alternating between
different postures while sitting (leaning back, leaning forward) as well as
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regular alternation between sitting and standing position (Buckley et al.,
2014; Chastin & Granat, 2010; DGUYV, 2019; European Agency for Safety
and Health at Work, 2021; Levine, 2004; Pynt et al., 2001). A balanced sit-
stand ratio and generally sufficient movement are therefore equally important
factors to consider in the context of ensuring individual ergonomics.

Another limitation lies within the variation of clothing. Participants
were measured wearing clothes. In practice, though, the worn clothes and
especially the worn shoes vary from day to day.
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