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Chapter 9
General discussion
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9.1 | Aim and evaluation of main findings
The overarching aim of this dissertation was to contribute to a sustainable workforce by
making the (mis)balance between workload and work capacity measurable with sensor
technologies. To realize this, the first step was designing and testing sensor technologies to
make workload and capacity measurable and secondly to measure the balance between
workload and capacity. Then, by utilizing data gained from sensor technologies, appropriate
interventions can be made to align physical workload and individual work capacity more
closely for each worker. This strategy was applicable to all kinds of workers. Throughout this
dissertation, the focus was on monitoring (1) the mechanical workload, (2) the energetic
workload, and (3) the reaction to heat exposure of physically active and/or office workers.

9.1.1 | Physically active workers
For physically active workers, the main problems include an unfavourable working posture,
heat exposure, and physical fatigue due to a high physical workload (Spook, et al., 2019;
Andersen, et al., 2016). The following monitoring technologies were designed and/or
studied:


a sensor suit to monitor working postures and movements, muscle activity and
automatically estimating the internal mechanical workload (Chapter 3);



a headset which analyses breathing gas to monitor internal energetic workload
(Chapters 4 and 5);



a wearable body thermometer to monitor the internal reaction to external heat
exposure (Chapter 6 and 7).

With a sensor suit of inertial magnetic measurement units and an artificial neural network
(ANN), the working posture and movements and muscle activity was measured, and the
related low back load was estimated. Different intensity and variation levels of the moment
in lumbar load exposure could be distinguished with this method between light and heavy
tasks as well as between static and dynamic tasks. It was concluded that the sensor system
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and ANN indeed showed differences in the physical load exposure in the lumbar region
consistent with the perceived intensity levels and character of the work task. This study
showed the validity of this monitoring system for physically demanding occupations.
A portable headset has been developed to analyse breathing gases and determine the
energetic workload of physically active workers. A proof‐of‐concept experiment confirmed
the headset’s results and showed that it was more valid compared to oxygen consumption
estimated on the basis of heart rate. The headset was found to be comfortable, presented
a low breathing resistance, and did not hinder communication. The headset provides a
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compromise between the cumbersome mouth mask and the relatively inaccurate heartrate
monitoring. The present version is not yet completely validated, but its potential is
supported and indicates opportunities for further professionalization.
A wearable thermometer was studied to monitor body temperature and heat strain of
physically active workers. First, the thermometer was validated against the medical
standard, an ear canal temperature reading. Without correction, the wearable was not
accurate. With a correction factor applied, however, the accuracy of the thermometers was
confirmed at rest, but not during working conditions. The Cosinuss° thermometer was
comfortable and interfered minimally (or not at all) during work. Second, the thermometer
was validated against the scientific standard, an invasive temperature pill. The validity of
the thermometer was not confirmed in this scenario, and thus this wearable thermometer
is an invalid method for measuring the core temperature of firefighters when in working
conditions. However, if the reliability of the thermometer can be improved, it could play a
role in predicting core temperature and heat storage as part of a multivariable system.

9.1.2 | Office workers
For office workers, the main problem is an unfavourable working posture causing too high
or too low local physical loads on the body due to inactivity. The working posture and
duration, and perceived musculoskeletal discomfort were monitored with a ‘smart’ sensor
chair (Chapter 2). The intervention of the sensor chair was a tactile feedback signal given to
the worker whenever prolonged working in an unfavourable posture was detected.
Although this feedback signal led to small or insignificant changes, insight into individual
reactions to workplace health promoting feedback was provided. And this chair proved to
be a useful tool to monitor sitting behaviour in the workplace in a non‐obstructive manner.

9.2 | Relevance
The potential value of this dissertation is that the summarization of data surrounding sensor
technologies in the workplace will help to realise a sustainable workforce in the future
(Kadir, et al., 2019; Warmelink, et al., 2020; Waschull, et al., 2020; Papagiannidis & Arikyan,
2020; Edirisinghe, 2019; Kuruganti, 2019; Ullrich, et al., 2019). The useful results of this
research were achieved by (1) the collaboration with specialists of different fields of
expertise and (2) an in‐depth needs assessment as a basis for the personalized and user‐
driven designs. Additional strengths of this dissertation are (3) a diversity of focus areas
within aspects of physical workload, (4) the focus on individual responses instead of a group
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focus, and (5) the discovery of the ethical agenda related to the design and implementation
of sensor technologies.
This dissertation offers a broad analysis of the needs and applications of sensor technologies
in the workplace. These newly designed technologies range from scratch up to the
application of commercially available technologies. A strength is their validation in a variety
of workplaces (Havenith & Heus, 2004) or, if not yet suitable, under lab conditions. The
studies discussed herein helped to gain useful insight into the usability and implementation
of the systems and provided user‐centred input to optimize the technologies.
These health‐promoting technologies in the workplace will help to lower the workload if
needed and may improve the workability and safety of workers (Lee, et al., 2020; Yang &
Ahn, 2019; Bowen, et al., 2019). Several of the presented technologies can already
contribute to monitor the workload and work capacity and assess the individual
physiological response to the workload.
All four technologies show potential to objectively monitor individual response to the
workload. By combining these technologies, individual internal load, physiological
responses to heat exposure, energetic strain, and mechanical strain can be investigated per
individual. Based on the output of these technologies, the tasks or working conditions can
be adjusted, or interventions can be designed to align the mechanical and energetic load to
prevent structural overload, discomfort or disability, and other health problems (Panel on
Musculoskeletal Disorders and the Workplace, et al. 2001). They can vary from simple
feedback (Punt, et al., 2019) provided via a smartphone or smartwatch to exoskeletons that
take over a part of the workload.
The acceptance of the sensor and intervention technologies into the workplace is a very
important criterion for success. These are discussed as follows. First, evidence about the
technologies to objectively measure has been proven. Second, the technologies could
contribute positively to the safety of the workplace and workers. Third, it has been explored
if the workplace offers workers a positive and safe climate to act autonomously (Jacobs, et
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al., 2019; Palm, 2009; Johnson & Powers, 2005). In addition, the first steps for ethical
implementation were provided.
The presented sensor and intervention technologies are widely applicable. Aside from
monitoring work‐related factors, they could be utilized in health care for prevention of
illness or a fallback after rehabilitation therapy and could also be used in sports training.
These wearable and non‐invasive technologies could contribute to diagnostics and
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treatment that ultimately improve the quality of health care through (remote) monitoring
(Patel, et al., 2012).

9.3 | Evidence of devices
The different kinds of technologies that have been designed fulfil the goals set at the start
of this study.


They monitor individual physiological responses to the workload in an objective
manner according to the models in Figures 1.1 and 1.2 (Chapter 1) (Panel on
Musculoskeletal Disorders and the Workplace, et al., 2001; Heerkens, et al., 2004).



Physically demanding occupations can be monitored as well as office workers.



Workers can be monitored over long periods of time instead of only in snapshots.

The sensor technologies investigated in this dissertation fulfil the requirements of workers
and employers.


The devices provide information about the individual physiological response to the
workload.



The devices do not interfere with workability and are safe in use.



The devices are non‐obstructive and easy‐to‐use.



Except for the sensor chair, the devices are wearable.



The devices can monitor a broad range of workers.

In terms of Technology Readiness Level (TRL) (Straub, 2015; Altunok & Cakmak, 2010) the
following levels have been realized.


The breathing gas‐analysing headset started with a concept (proof‐of‐principle;
TRL 2). After analytical and experimental examination of the critical function and
the development of a proof‐of‐concept (TRL 3), the technology was validated in a
lab study (TRL 4).



The studies about the wearable thermometer started with the development of
proof‐of‐principle (TRL 2) and proof‐of‐concept (TRL 3). The technologies were
validated in lab studies (TRL 4) and in real‐life working conditions (TRL 5 and 6).



The sensor suit and ANN‐based method started with a basic validation was
performed in lab environment (TRL 4). Then, the technology was validated in the
real‐life working environment (TRL 5) and the function of the technology was
demonstrated (TRL 6).
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The office chair was validated in an operational environment demonstrating its
functioning (TRL 7). For monitoring sitting behaviour, its function was
demonstrated (TRL 8) and its technological development is currently complete
(TRL 9).

9.4 | Further testing
It is uncertain if all requirements will be met by all technologies that are designed. Thus,
further testing is required. Future research needs to focus on the validity, reliability, and
usability of these technologies for their purpose as objective monitoring tools.

9.4.1 | Breathing‐gases analysis
The proof‐of‐concept experiment of the breathing gas‐analysing headset showed that the
usability of the headset is promising (Chapter 5). To further study the validity and usability,
the professionalized prototype should be studied in real‐life working conditions (Havenith
& Heus, 2004) among different types of physically active (and office) workers. To go from
the lab studies (TRL 4) to validation in real‐life working conditions (TRL 5), the proof‐of‐
concept needs to be optimized into a prototype for validation in the field.

9.4.2 | Heat stress
After validation in lab studies (TRL 4) and real‐life working conditions (TRL 5 and 6), the
thermometer did not work properly and the technology concept need to be reformulated
(TRL 2). The wearable thermometer needs to be optimized to increase the accuracy of the
predicted heat stress in an objective manner. A reliable instrument capable of predicting
core temperature instead of measuring tympanic or aural temperature is preferred. An
alternative is the extension of the non‐invasive thermometer to a multiparameter system.
This would increase the validity and reliability to objectively predict core temperature and
heat stress during physically active work. New research and developments (Kim, 2018;
Apykhtin, et al., 2018; Diaz‐Piedra, et al., 2019; Chaglla, et al., 2018) should investigate the
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potential of such a multiparameter system. Also, individual differences in the development
of heat stress should be taken into account. For workers using communicating systems, the
wearable thermometer needs to be integrated with hearing protection and/or
communication systems.

9.4.3 | Working posture and lumbar load exposure
The sensor suit and ANN‐based method started with a basic validation was performed in
lab environment (TRL 4) (Baten et al., 2008‐2018) and validation among the real‐life working
environments of the users (TRL 5). Thus, the function of the technology was demonstrated
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(TRL 6). However, the current system is not yet usable in the uncontrolled real‐life working
conditions. Large amount of data could not be analysed due to data‐acquisition error during
essential trials (Chapter 3). And the mechanical design of the system needs to be improved
by integrating the sensors in the work clothes. So, the sensor system and software require
further development into a prototype. This prototype must be usable in working conditions
to allow validating the system in an operational working environment (TRL 7).

9.4.4 | Sitting behaviour
The function of monitoring sitting behaviour with the sensor chair has been demonstrated
(TRL 9). The intervening feedback signal requires additional investigation and development
to move from the theoretical basis (TRL 4) to a demonstrated working feedback signal (TRL
9).

9.5 | Further developments
Some requirements are not met yet. More research and design are required to fulfil the
following open standing requirements and needs of the workers and employers.

9.5.1 | Feedback and behavioural awareness
Workers want to become aware about their own working behaviour (Patel, et al., 2012) and
would like to receive personalized real‐time feedback (Spook, et al., 2019). Like the smart
chair, all monitoring technologies should be equipped with a feedback system. More
research is needed to optimize and develop new feedback systems regarding how they can
be linked to ergonomic guidelines and signalled to the worker in an easy‐to‐use yet
meaningful manner (Spook, et al., 2019). This should make the workers aware of their
working behaviour and offer them an opportunity to improve their behaviour if needed.
This can only be achieved by interdisciplinary collaborations with behaviour‐change
specialists, among others.

9.5.2 | Interventions
The design and investigation of interventions are underexposed in the dissertation. To
realise a sustainable workforce, interventions need to be designed, tested, and their results
should be studied. Intervention technologies could play an interesting role in supporting the
worker and lowering the relative workload. Currently, an exoskeleton for surgeons, or for
physically active workers, is being designed. This exoskeleton is intended to lower the back
and neck load of workers. For physically underexposed workers, interventions that increase
the amount of physical activity need to be explored. The focus should mainly be on how a
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long‐lasting effect can be created. In addition, it would be interesting to investigate how
this can be achieved without interfering with the private life (e.g. offering time to exercise
during working hours) (Dutta, et al., 2019; Sui, et al., 2019; Bergman, et al., 2018). This could
potentially improve the capacity and the workability of workers in physically demanding
occupations, as well as office workers. These interventions need to be explored and the
effects investigated.

9.5.3 | Data sharing
One of the requirements was that these technologies should help the workers to open a
dialogue about workplace improvements (Spook, et al., 2019). The realization of a toolbox
and the role of an occupational physician (Chapter 8) are important to fulfil this
requirement. The future perspective is the realization of a toolbox that combines multiple
sensor and intervention technologies and provides a low‐level overarching feedback to the
worker. The toolbox analyses the flow of big data and could finally draws conclusions using
self‐learning decision support systems. This decision support system can combine or
summarize information from specific jobs or worker groups instead of individuals to
improve the working conditions. The occupational physician could take a role in the
protection of the personal data of the workers. This toolbox with workplace health
promoting technologies offers a chance to open a dialogue between workers and employers
about workplace improvements.

9.6 | Limitations
9.6.1 | Monitoring physical workload
The main limitation is that the workload of workers during prolonged performance of their
job has not yet been investigated. In this dissertation, the focus is on the development and
validation of sensor and intervention technologies to monitor balance between workload
and capacity. The technologies are not yet implemented for a longer period of time to
correct the balance between workload and capacity. Still, this is important to do and based
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on these results there needs to be additional exploration into how interventions and
workplaces can be improved.

9.6.2 | Combining work‐related aspects
Another limitation is the focus on only three physical aspects: posture and its related back
load, energetic workload, and heat stress. To gain a more complete overview, more physical
aspects need to be explored and investigated, including musculoskeletal disorders in the
knees, neck and shoulders, repetitive movement of small muscles groups such as for moving
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the wrist, hands and fingers, and effects of lifting and carrying. Additionally, relations
between the physical, cognitive, and social work‐related aspects of a job have not been
explored; cognitive workload and other social aspects are not taken into consideration with
these sensor technologies and interventions. Studies in this area would yield interesting
information about how they are related and interact with each other, providing
opportunities to solve bottlenecks more efficiently.

9.6.3 | Motivation
An observed limitation is that workers were not motivated actively to use the sensor and
intervention technology. As a result, a wide range of responses of the workers to the use of
the technologies was observed. Firstly, there was much diversity in the response to the
interventions provided. This was particularly visible when investigating the effect of
intervention of the sensor chair (Chapter 2). The subjects reacted differently to the
intervening feedback signal, which was a short vibration in the seat. Some workers did
improve their behaviour by reacting to the signal, but most did not respond to the signal at
all and some responded for only a short period of time. These individual responses and their
motivations need to be investigated in more detail (Vaughan‐Johnston & Jacobson, 2020;
Hermsen, et al., 2016; van der Lei, 2002), need to be taken into account when developing
motivational feedback and interventions (Vaughan‐Johnston & Jacobson, 2020; Hermsen,
et al., 2016; van der Lei, 2002) and would help to improve the worker conscientious
autonomy (Chapter 8). Second, most workers understand the advantages of these
technologies and would like to use them as soon as possible. However, other workers react
with resistance or complete rejection of the technologies. They create the feeling of the
worker being monitored by the employer (Choi, et al., 2017; Jacobs, 2019), despite the
advantages of these technologies and the worker’s desire for such improvements (Spook,
et al., 2019). The method of implementation is important for the acceptance of the
technology, especially among workers. Workers as well as employers should be informed in
an individually stimulating way.
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9.7 | Lesson learned
9.7.1 | Gold standards of references
A major challenge was the selection of a reference method for all newly developed sensor
systems. Not all research topics have a gold standard (as discussed in Chapter 2). Even if
there is a standard, it is often not the “gold standard”, meaning it is not universally accepted
(as discussed in Chapters 6 and 7). Moreover, in some cases (Chapters 6 and 7) there is a
difference between the clinical and scientific standard, or the gold standards are not always
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applicable to in real‐life working conditions (as in Chapter 2) or rather are impractical or
inappropriate (Saurabh, et al., 2014) (as in Chapter 6 and 7). This indicates the urge for
alignment.

9.7.2 | Accuracy vs usability
Despite the importance of the validity and reliability of systems, these studies revealed that
usability and safety are also important success factors. A technology can have a high
accuracy but is unusable if it is not applicable in real‐life working conditions. For example,
despite its high accuracy, the mouth mask cannot be used in the workplace because it
hinders communication. The breathing gas‐analysing headset that has been developed does
not have this drawback. Requirements of accuracy and applicability are difficult to meet in
both scenarios. The breath‐analysing headset is less accurate than the mouth mask version,
but its applicability in real‐life situations is much better because it measures in a non‐
obstructive and safe manner. The challenging part is finding the proper balance of accuracy
and usability for each implementation scenario.

9.7.3 | Consumer health technologies
The increasing amount of commercially available health technologies is challenging. More
devices become available on the market to self‐monitor health parameters. Most consumer
wearables are not validated (Peake, et al., 2018) and thus are not accurate enough for
scientific or medical research. Still, for scientific and medical research, these self‐monitoring
wearables could be very useful when validated (Patel, et al., 2012). They could be used for
remote monitoring of (work) behaviour or the development of health decline or diseases.
Depending on the aims and proposes of the technologies, validation is of major importance
(Peake, et al., 2018). These consumer health technologies could contribute to behaviour
awareness, show trends to the users and provided that they achieve the minimum levels of
accuracy, reliability, and usability.

9.7.4 | Human sensory system
Another challenging aspect is the human sensory system. Sensor technologies should
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support the worker but cannot take over the human sensory system. As stated by Christian
Lous Lange “Technology is a useful servant but a dangerous master” (Lange, 1921). The
technologies may not overrule the human sensory system, as experience and feelings and
must be used as means to support the workers’ performance.

9.7.5 | Older vs younger worker
The health problems faced by the older workers in physically demanding occupations will
be different compared to those among younger workers. Older workers often experience
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problems as the result of working from a young age and under physically harsh conditions.
In the last 50 years, many working conditions have been majorly (ergonomically) improved,
resulting in lower physical workloads. Still, there are major variations in working conditions
between companies and jobs. Much can be improved to optimize the workload for the
body. However, it should be noted that physically demanding jobs are not necessarily
unhealthy. Office workers who are physically underloaded may experience health problems
due to inactivity. Sensor technologies should make the workers aware of their behaviour
and should support them to find the healthiest balance for them (Wu & Wang, 2002; Kenny,
et al., 2008).

9.7.6 | Ethics of technologies
Workers need to be able to respond autonomously and voluntarily to the use of workplace
health‐promoting technologies (Chapter 8). During the design and implementation of these
technologies, the focus must not only be on user‐centred design, but the ethical agenda
also needs to be taken into account. The design and implementation of sensor and
intervention technologies raises complex unanswered moral questions. One of them is the
responsibility of the employers and other social actors, and how to handle and exercise
autonomy at work (Six Dijkstra, et al., 2020). Protecting the privacy and autonomy of
workers cannot be seen as stand‐alone issues, but as an interplay between these values,
the work context, and the responsibilities of the stakeholders. These ethical considerations
need to be encountered when developing workplace health‐promoting technologies, and
awareness of the responsibilities of all stakeholders (including workers, employees,
engineers and scientists) requires full attention. Focusing on a contextual conceptualization
of the core ethical principles in the design and implementation of technologies helps to
avoid compartmentalization, out‐of‐context generalization, and neglect of identifying
responsibilities. Although it is a long iterative process in which all stakeholders need to be
included in order to assess all critical ethical issues sufficiently, this process is crucial for
achieving the intended goal of a technology.

9.7.7 | Interdisciplinary teams
Another lesson learned was the challenging interdisciplinary character of this project.
Although the aims and goals were aligned, each discipline had its own experiences,
interests, working culture, definitions, and time schedule. In order to optimize progress, it
is important to align goals and expectations as detailed and as soon as possible, preferably
before the start of any interdisciplinary project. This should be done not only among
research disciplines, but with the whole consortium, including any involved companies.
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9.7.8 | Science vs design
There is a lack of objective monitoring technologies (Netten, et al., 2011; Patel, et al., 2012;
Peake, et al., 2018; Maman, et al., 2017; Vandermissen, et al., 2014; Takala, et al., 2010;
Kuijper & Frings‐Dresen, 2004; Verschoof, et al., 2005; Boa, et al., 2004; Aryal, et al., 2017;
Pancardo, et al., 2015; Mazgoaker, et al., 2017). Product design is time‐consuming which
resulted in less time for scientific research and a lack of time to validate the technologies in
operational working environments (TRL7). This would have provided interesting input about
the uncontrolled use of these technologies and multiple work‐related research topics. This
is not only scientifically interesting but would also had provided interesting input about
context specific issues and the optimization of the technologies. Finding the balance
between science and design is challenge. No science can exist without design, and design
has no basis without science (Verkerke, et al., 2013).

9.7.9 | Reality of research
Multiple work‐related aspects were covered within the SPRINT@Work project (Appendix I).
More relations between physical, cognitive, and social work‐related aspects could have
been explored. Several interdisciplinary collaborations succeeded (de Jong, et al., 2018), as
within the sensor chair study (Chapter 2) where Occupational Health investigated user
experiences surrounding the implementation of sensor technologies in the workplace
(Spook, et al., 2019). A portion of the study attempted to find a relation between sitting
(Chapter 2) and typing behaviour as a parameter related to mental fatigue (de Jong, et al.,
2018). However, the software was not working correctly during this study and the data was
not usable. As is usual in research, unexpected events occur. This is the reality of research
and errors such as this occur in every (interdisciplinary) project, and thus should be taken
into account in the planning of the project. For this reason, the project requires a flexible
and open‐minded attitude of the team members.

9.8 | Future challenges

9

9.8.1 | Longitudinal studies
In this dissertation, multiple sensor and intervention technologies were designed (and not
even all designs have reached this dissertation), explored, and studied. This dissertation
stops with the validation in lab or field studies. These technologies are designed to be used
to monitor (im)balances between capacity and workload. After validating each system as an
objective monitoring device, these technologies can be utilized for research. The
bottlenecks discovered from literature and the needs assessment (Spook, et al., 2019) can
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be further investigated for solutions. An important research topic is investigating how an
imbalance between workload and a worker’s capacity can be prevented or solved.
Therefore, subjects must be monitored in longitudinal repeated measures. Physically active
workers could wear the sensor suit, headset, and core thermometer. For office workers the
sensor chair and headset could be used. The workload and the internal response to this
external load can be monitored and individual differences should be investigated. Based on
these outcomes, interventions to adjust the workload or improve the capacity can be
explored, and a healthier balance for the worker can be achieved.

9.8.2 | Awareness among stakeholders
Along with ethical considerations, awareness among and the responsibility of all
stakeholders is a future challenge. In specific situations, stakeholders may not always be
aware of the impact or consequences of implementing workplace health‐promoting
technologies, like in the case of heat stress. The stakeholders are not aware of the
consequences due to a lack of knowledge about heat stress. The consequences on the
workers’ health are less visible in early stages and become much more severe in a later
stage. To prevent health declines, workers, employers, and occupational medical staff need
to recognize heat stress incidents. Next, it is important to improve the registration of heat
stress incidents in the workplace (Willems, et al., 2018). Lastly, information about the
diagnosis and the consequences of heat stress needs to be commonly known among all
stakeholders. With these preventative measures alongside monitoring technologies,
stakeholders should gain awareness of frequent and prolonged exposure to heat and to
accept their responsibility in protecting workers.

9.8.3 | Personal factors
These sensor and intervention technologies focus on monitoring and optimizing the
workload and work conditions. The personal factors (Figure 1.1 of Chapter 1) were not
investigated due to the explorative scope of the studies. The balance between work and the
private life of workers is a challenging topic. Personal factors such as lifestyle and health
influence the capacity and workability of the worker (Wu & Wang, 2002). This results in
work and private life becoming intertwined (van Berkel, et al., 2014) and raises ethical
questions when considering scientific methods to analyse this relationship. Scientifically, it
is relevant to gain a complete overview of the worker’s capacity and (work)load (Varianou‐
Mikellidou, et al., 2019; Wu & Wang, 2002. To restore the balance between capacity and
workload, lowering the workload alone might not be a solution. Instead, the worker could
adjust their physical activity outside of the workplace, or the worker’s capacity could be
improved. The capacity could, in some cases, be improved by adjusting the lifestyle to
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include more exercise, healthier food consumption, and even by limiting alcohol and
tobacco intake. Companies can provide incentive to the workers by making the healthy
choice an easier choice. This could also influence the lifestyle of the worker’s family and
thus positively affect more people than directly involved.

9.8.5 | Motivational feedback
Every worker has their own character and thus responds uniquely to feedback and
motivations. The differences in individual responses are very relevant to investigate and are
important to gain a remaining effect (Vaughan‐Johnston & Jacobson, 2020). Additionally,
the dosage of the intervention needs to be explored (Hermsen, et al., 2016; Delgadillo, et
al., 2017). This information will result in knowledge regarding which type of feedback for
which workers is effective, motivates the workers, and creates a long‐lasting effect
(Hermsen, et al., 2016; Hassan, et al., 2019; Burgers, et al., 2015). This personalized
feedback should create awareness and motivate the worker to improve their working
behaviour.

9.8.6 | Meaningful data
To be able to provide feedback, it is important to not just gather and present data but rather
to convert it directly into a meaningful output. With an increasing flow of data, there is
much information to be explored. This is challenging because combining data and drawing
conclusions is still uncharted territory. Self‐learning decision support systems were
underexposed in this dissertation, although they are essential to combine the signals of the
various sensors and derive conclusions regarding the risk factor of each worker, and which
intervention can lower this risk. The decision support system will become successful if it
supports the worker by making them aware of their behaviour, help the worker to interpret
the data available to them and make appropriate decisions, and contributes towards
successful implementation and motivation for long‐term use (Spook, et al., 2019; Burgers,
et al., 2015).

9.8.7 | From design to market‐ready product

9

It is important that these workplace health‐promoting technologies designed within a
scientific context become market‐ready products. They should become available so that
workers can take advantage of the benefits they can offer. Therefore, collaborations with
companies specialized in this field should be sought after. This will increase the quality of
the technology and provide opportunities to put this product on the market. Currently, the
proof‐of‐concept of the breathing gas‐analysing headset is being improved into a
professional prototype. This is being completed via a collaboration with a company
specialized in the development of breathing gas‐analysers. All designed, validated, and
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reliable technologies need to be made available for the audience and optimized into a
market‐ready product.

9.9 | Future perspective
The life expectancy is rapidly increasing and the European population of those older than
65 years is expected to be doubled by 2060 (Koolhaas, et al., 2009; Gotmark, et al., 2018).
However, the number of expected “healthy” years does not follow the same trend. Therefor
in the future, a sustainable and healthy workforce will become even more and more
important. More research about healthy ageing needs to be completed so that and
technologies can be developed to play a more dominant role in preventing health problems.
In the future, the workplace will become smarter (Papagiannidis & Arikyan, 2020;
Edirisinghe, 2019; Bootsman, et al., 2019) with the implementation of automation, internet
of things, big data, artificial intelligence, and decision support systems. Mobile and wearable
technologies to make humans and their equipment measurable will be critical to maintain
a stable workforce and economy. Wearable technologies will be integrated in the workplace
and clothing to monitor the workload continuously and in real‐time (Lee, et al., 2020; Yang
& Ahn, 2019; Bowen, et al., 2019).
For workers in physically demanding occupations, the technologies will focus on lowering
the load on the body. Exoskeletons to support the worker and lower the workload will surely
play a dominant role within many organizations. For office workers, the main challenge will
remain to be achieving a balance between physical and mental load. Physical inactivity will
increase and needs to be prevented or compensated for in order to prevent health
problems. The 24‐hours society will increase the required of technologies for remote
working and wearable health promoting technologies. The human‐device interaction will
become more and more important, as well as the workers ability to act autonomously and
the prevention of overstimulation with information.

9
9.10 | Conclusion
This dissertation presented new measuring systems to determine the physical workload of
workers and their physiological responses in an objective, non‐obstructive, and safe
manner. The smart chair was useful for office workers to monitor sitting behaviour in the
workplace. The validity of the sensor suit and ANN‐based method for measuring working
postures, movements and its related mechanical workload for physically demanding
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occupations was supported. However, the usability requires improvements. The breathing
gas‐analysing headset to measure internal physiological responses was not yet completely
validated, but its potential was supported and indicates opportunities for further
professionalization and use in physically demanding occupations. The validity of the
wearable, non‐invasive core thermometer measuring the internal response was not
confirmed but showed potential to predicting core temperature and heat storage as part of
a multivariable system. Ultimately, these systems should assist the worker to achieve a
balance between workload and the worker’s capacity. After final design and validation
steps, these sensor technologies are ready to be used to contribute to the realisation of a
sustainable workforce.
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