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Operating under Resource Scarcity

Future work processes are going to change in several aspects. The working population (at least in Western
European countries) is decreasing, while average age of employees increases. Their productivity is key to
continuity in sectors like healthcare and manufacturing. Health and safety monitoring, combined with
prevention measures must contribute to longer, more healthy and more productive working careers. The
‘tech-optimist’ approach to increase productivity is by means of automation and robotization, supported by
IT, Al and heavy capital investments. Unfortunately, that kind of automation has not yet fulfilled its full
promise as productivity enhancer as the pace of automation is significantly slower than anticipated and
what productivity is gained -for instance in smart industry and healthcare- is considered to be ‘zero-sum’
as flexibility is equally lost (Armstrong et al., 2023). Simply ‘automating’ tasks too often leads to ‘brittle
technology’ that is useless in unforeseen operational conditions or a changing reality. As such, it is unlikely
to unlock high added-value. In healthcare industry we see “hardly any focus on research into innovations
that save time to treat more patients.” (Gupta Strategists, 2021). Timesaving, more than classic productivity,
should be the leading argument in rethinking the possibilities of human-technology collaboration, as it
allows us to reallocate our human resources towards ‘care’, ‘craft’ and 'creativity’.

Rethinking Productivity

Having said that; due to this reallocation, certain jobs are bound to disappear while others must be recrafted.
Clerks, secretaries and accountants are amongst the job profiles that are heavily impacted by technology,
(robotic process) automation and prompt engineering (World Economic Forum, 2023). In manufacturing
there is a shift from worker/operator to higher-skilled manufacturing engineers. In (health)care job profiles
are expected to change due to bigger role of technology, still in this sector ‘physical abilities’ remain to be
considered an important skill. In general though, also future ‘care, craft, creativity’ work is more information-
intensive and requires a higher digital literacy.

Historically, productivity increase has been driven by technology and ‘trading work with machines’. The new
paradigm is to empower workers through the use of digital devices endorsing a human-centric approach to
technology (EC, 2022) hence ‘share work with machines’, and equally important: ‘trade & share with clients’.
This self-service by clients for instance helps to release the burden on healthcare professionals, such that
more time remains for tasks that benefit from truly human interaction. When designing for optimal ‘trade &
share’ two criteria are important: 1-How does this help to save-up time for work where ‘human contribution’
is most fit, meaningful and value-adding? 2-Is this distribution of work contributing to health, safety and
wellbeing of the workers during their career? Productivity is classically defined as real economic output per
hour produced. We argue to look beyond economy alone and include the ‘fitter, healthier’ criteria, hence
define productivity based on long-term societal output.

Connectivity and real-time monitoring of machines and workers play an important role in the future of work,
for two obvious reasons: -To optimise allocation of work between human and human-centred technology
(like cobots, extended reality, decision-support systems) process and -for manufacturing- product statuses
have to be tracked real-time, and compared to available resource capabilities and capacities. -To assist
workers to execute their jobs in a safe manner and to keep exposures to harmful agents as low as possible.
This can be achieved by employing smart sensors such as wearables and prevention by work protocol
improvement.

A central role for ‘Information Instrumentation’

The key statement of this paper is that ‘Information Instrumentation’ like dashboards will play a central role
in realizing this ‘long-term-productivity’. Why? Two main arguments are: 1-By offering ‘self-service’ and
monitoring instruments to clients these services become less time-bound, a client’s autonomy is enhanced
and as a welcome side-effect less time is demanded from caretakers, maintenance engineers or other
scarce resources, rendering them more efficient. 2-By augmenting worker capabilities and capacity, by
means of assistive technology their agency is increased (Jong et al., 2024; Romero et al., 2016).

A dashboard is an information management tool that tracks, visualizes, and demonstrates indicators. (For
the sake of argument: an Human Machine Interface (HMI) is a subtype of dashboards, while a digital twin
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can be used as a dashboard.) Dashboards should be intelligible and constructive to their end user (Robbins
et al., 2021); This so-called legibility is an important design principle dealing with interpretation,
communication, usability and transparency. As such, dashboards may enhance agency of clients and
professionals, by increasing perceptiveness, awareness leading to ableness to act and autonomy. No need
to say that this requires good, legible dashboards but also, no less important, trained users with sufficient
digital literacy. Good dashboard design takes user’s cognitive limitations (under the circumstances the
dashboard is used!) into account; digital literacy refers to capabilities as using the offered functionality in
the digital environment (like filter and search, using hyperlinks), content evaluation and knowledge
assembly from the screen. A good dashboard is customised for a specific audience, and user-centred.

Changing Nature of Information Instruments

(Purich et al., 2023) explains how “Dashboards are used broadly to visually explore, monitor, and
communicate with data.” While their original focus was on monitoring of current conditions, they are now
employed as well for “supporting decision-making, persuading, or learning”. Dashboards (Setlur et al.,
2023) increasingly take up the role of support-systems, but with a relatively low ‘level-of-automation’ that
varies between offering a set of action/decision alternatives and offering suggestions for the best alternative
(following the taxonomy of (Sheridan, 2011)). They are more flexible than ‘high-level automation’, can
contribute to higher output, measured in potential timesaving and stimulating wellbeing at work capability.
By the way, it is expected that in the (near) future Al will play a role in this alternative offering of suggestions
for actions, both in the field of manufacturing and health care (World Economic Forum, 2023).

An example is home diagnostics in healthcare and prevention. Digital information to monitor health
condition and decide on correct actions is used by both caretakers and patients. Relevant information for
the treatment of COPD patients entails bio parameters like exercise, medicine use and exposure. But this
information should be processed and represented in different manners to different end-users, as the patient,
physiotherapist, nurse and pulmonologist all require different types of information and can deal with a
different level of complexity.

Another example relates to operator support for refurbishment and repair. Work that (still) lies outside the
capabilities of an employee, for instance because this person is reskilling from another background, could
be made accessible by means of (adaptive) work instructions that augment the operator’s skills. This makes
a clear example of how dashboards are stretched towards decision-support systems. The information not
only needs to be offered adaptively to the user in a way that is befitting to her/his level of skill but also
requires to break-up differentiated tasks in an ‘object-oriented’ manner as repair work is characterized by
high product variety.

Dashboard Dilemmas

With the developing discourse about the Work of the Future and Future of Work (what Kolade et al., (2022)
coins as Employment 5.0) in the background, the importance of digital capabilities is eminent. Payback
ratio of digital innovation may be less relevant than mitigating the impact of resource scarcity. Nevertheless,
some hard dilemmas remain to be solved:

Accountability and responsibility in human-machine’ teaming requires strong attention from
developers. Overreliance on incorrect information, or wrong perception of in itself correct, but poorly
presented information can easily lead to erosion of critical and ethical attitude of an end-user, with faulty
decisions as a result. “One of the primary design dilemmas engineers and designers face is determining
what level of automation should be introduced into a system that requires human intervention.” (Cummings,
2006). When should a user overrule a machine-made suggestion? Driven by the recent developments in
Large Language Modelling (LLMs), techniques for reducing overreliance are large explored and developed
(Microsoft, 2023)

' The machine in this case the decision support algorithm behind the dashboard

Dashboards for Long-Term Productivity in Future Work
Digital Operations & Finance — version final-240228
The Hague University of Applied Sciences, 2024 4



Underutilisation and resistance

(Chiou et al., 2023) explains how trust is an important construct to understand if and why people rely on
technology. Research has shown that (over-)automation can cause skill degradation and reduced
situational awareness and can unbalance the workload (Parasuraman et al., 2000). Many incidents and
accidents have occurred because of poor interface design. So users with reservations about dashboards
definitely have a point. Developers hold a strong responsibility here to guard users’ ability to analyse,
understand, and control one’s own (thought) processes and professional behaviour, as this directly ties into
their autonomy and wellbeing.

Privacy & Security

Not only the ethical behaviour of users can be a concern, the same holds true for employers that stimulate
employees to use dashboards. As the dashboards are fed with information from smart sensors or
wearables, privacy violation is a risk. Employers are entitled to monitor productivity and have a legal duty
of care to secure a safe and healthy working environment, but wearables do gather, combine and analyse
a large amount of (personal) data using algorithms that may go well beyond the purpose for which these
devices were deployed in the work floor. The European Agency for Safety and Health at Work (2023) states
that: “use of algorithmic management and surveillance technologies at work affects workers’ privacy and
data rights”. Monitoring data and the logging of actions gives opportunity to privacy breaches, even with
the best intentions for health, safety and security in mind and could lead to discriminatory decisions when
the retrieved information is misused (e.g. dismissal) (Marassi, 2023). Research by Townsend et al. (2011)
suggests that home health-care users are willing to trade-off privacy for self-interest, like for instance
increased autonomy. But, autonomy is also strongly entangled with the concept of privacy (as explained by
Becker, (2019)). By giving up some autonomy in terms of decision-making and in control-of-information,
the user gains better control over a home or work situation. Still this trade-off must be made in an utterly
careful manner. Directly related to this is the aspect of cyber security, to prevent malicious intrusion in
private affairs.

Inequality in empowerment

A last dilemma arises from the potential future division between skilled labourers that are empowered by
dashboards, leaving them more time for value-adding work; and the less-skilled that lose at best autonomy
or at worst their job to assistive technology. So upskilling and life-long learning, particularly related to digital
literacy, seems more important than ever (Autor et al., 2017) as the quality of jobs available to low- and
medium-skill workers, with expected sectoral and geographical shifts, will impose a huge challenge on
society.

So where does the Hague University of Applied Science come in?

In our view data collection, connection and communication are the three key ingredients for carefully
teaming between clients, machines and ‘workers’, enabling your people to prioritize their time to tasks that
matter most. This ‘teaming’ can be channelled through the use of dashboards, as long as accountability,
autonomy and privacy aspects are carefully addressed. So how can we help? By identifying -together with
professionals and users from the field- productivity loss points? By co-designing with users the possible
(sensor) data collection and required communication interfaces? By implementing -together with your own
experts- the required data processing and secure connections? Working with our Centre of Expertise brings
you the advantage of a multidisciplinary team, with the ability to reason from different relevant perspectives
and that draws on empirical evidence on what works under what conditions.

References

Armstrong, B., & Shah, J. (2023). A Smarter Strategy for Using Robots. Harvard Business Review.
Retrieved from https://hbr.org/2023/03/a-smarter-strategy-for-using-robots

Autor, D., & Salomons, A. (2017). Robocalypse Now—Does Productivity Growth Threaten Employment?
Investment and Growth in Advanced Economies. Retrieved from
https://www.ecb.europa.eu/pub/pdf/other/ecb.ecbforumcentralbanking2017.mt.pdf#page=120

Becker, M. (2019). Privacy in the digital age: comparing and contrasting individual versus social
approaches towards privacy. Ethics and Information Technology, 21(4), 307-317. doi:
10.1007/s10676-019-09508-z

Dashboards for Long-Term Productivity in Future Work
Digital Operations & Finance — version final-240228
The Hague University of Applied Sciences, 2024 5



Chiou, E. K., & Lee, J. D. (2023). Trusting Automation: Designing for Responsivity and Resilience. Human
Factors: The Journal of the Human Factors and Ergonomics Society, 65(1), 137-165. doi:
10.1177/00187208211009995

Cummings, M. (2006). Automation and Accountability in Decision Support System Interface Design.
Journal of Technology Studies. Retrieved from htip://hdl.handle.net/1721.1/90321

European Agency for Safety and Health at Work (EU-OSHA), 2023. Surveillance and monitoring of
remote workers: implications for occupational safety and health, Discussion paper Future of work
series. https://osha.europa.eu/sites/default/files/documents/Remote_workers_monitoring.pdf

European Commission (EC), 2022. Industry 5.0: A Transformative Vision for Europe - ESIR Policy Brief
No. 3. Publications Office of the European Union, ISBN 978-92-76-43352-1, doi: 10.2777/17322

Gupta Strategists. (2021). PREVENT THE NEXT WAVE Why labour-saving innovations are needed in
healthcare and how an innovative ecosystem enables progression. Retrieved from https://gupta-
strategists.nl/storage/files/Prevent-the-next-wave.pdf

Jong, P., & Coenen, J. (2024). Use Cases for Shop Floor Operator Support by means of Mixed Reality.
5th International Conference on Industry 4.0 and Smart Manufacturing.

Kolade, O., & Owoseni, A. (2022). Employment 5.0: The work of the future and the future of work.
Technology in Society, 71, 102086. doi: 10.1016/j.techsoc.2022.102086

Marassi S. (2023) Charting Wearable Sensor Devices in the Workplace: State of the Art and Legal
Challenges. ETUI, Future of Work Conference, Brussels, February 14, 2023.
https://www.etui.org/events/future-work-working-and-through-digital-technology

Microsoft. (2023). New Future of Work Report 2023. Retrieved from https://www.microsoft.com/en-
us/research/uploads/prod/2023/12/NewFutureOfWork_Report2023.pdf

Parasuraman, R., Sheridan, T. B., & Wickens, C. D. (2000). A model for types and levels of human
interaction with automation. IEEE Transactions on Systems, Man, and Cybernetics - Part A:
Systems and Humans, 30(3), 286—297. doi: 10.1109/3468.844354

Purich, J., Srinivasan, A., Correll, M., Battle, L., Setlur, V., & Crisan, A. (2023). Toward a Scalable Census
of Dashboard Designs in the Wild: A Case Study with Tableau Public.

Robbins, H., Stone, T., Bolte, J., & van den Hoven, J. (2021). Legibility as a Design Principle: Surfacing
Values in Sensing Technologies. Science, Technology, & Human Values, 46(5), 1104—1135. doi:
10.1177/0162243920975488

Romero, D., Bernus, P., Noran, O., Stahre, J., & Fast-Berglund, A. (2016). The Operator 4.0: Human
Cyber-Physical Systems; Adaptive Automation Towards Human-Automation Symbiosis Work
Systems (pp. 677—686). doi: 10.1007/978-3-319-51133-7_80

Setlur, V., Correll, M., Satyanarayan, A., & Tory, M. (2023). Heuristics for Supporting Cooperative
Dashboard Design. IEEE Transactions on Visualization and Computer Graphics, 1-11. doi:
10.1109/TVCG.2023.3327158

Sheridan, T. B. (2011). Adaptive Automation, Level of Automation, Allocation Authority, Supervisory
Control, and Adaptive Control: Distinctions and Modes of Adaptation. IEEE Transactions on
Systems, Man, and Cybernetics - Part A: Systems and Humans, 41(4), 662—667. doi:
10.1109/TSMCA.2010.2093888

Townsend, D., Knoefel, F., & Goubran, R. (2011). Privacy versus autonomy: A tradeoff model for smart
home monitoring technologies. 2011 Annual International Conference of the IEEE Engineering in
Medicine and Biology Society, 4749—-4752. doi: 10.1109/IEMBS.2011.6091176

World Economic Forum. (2023). The Future of Jobs Report. Retrieved from
https://www.weforum.org/reports/the-future-of- jobs-report-2023/

Dashboards for Long-Term Productivity in Future Work
Digital Operations & Finance — version final-240228
The Hague University of Applied Sciences, 2024 6


http://hdl.handle.net/1721.1/90321
https://www.weforum.org/reports/the-future-of-%20jobs-report-2023/

	Operating under Resource Scarcity
	Rethinking Productivity
	A central role for ‘Information Instrumentation’
	Changing Nature of Information Instruments
	Dashboard Dilemmas
	So where does the Hague University of Applied Science come in?
	References

