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ABSTRACT
One way to address shortages in the workforce and improve the
safety of health workers is through robots. Here, we will specifically
look at whether and how robots might augment workers working
on the pre-analytical phase of clinical testing in hospital laborator-
ies. We conducted eight interviews with workers using futuristic
autobiographies. Through our analysis, we identified three themes.
Workers envisioned robots to increase their well-being and change
blue-collar workers’ tasks towards that of automation operators.
The latter was perceived to be a change towards doing more mean-
ingful tasks (cognitive tasks, rather than manual labour). Addition-
ally, workers have a need to better cope with structural changes
and temporary fluctuations in the workflow. More general-purpose
robots could address this.

CCS CONCEPTS
•Human-centered computing→ Contextual design; •Computer
systems organization → Robotics.

KEYWORDS
Speculative design, robots, hospital laboratory, laboratory testing
ACM Reference Format:
Bob R. Schadenberg, Hideki Garcia Goo, LenaNyman, Jesper Keisu, andVanessa
Evers. 2023. The Views of Hospital Laboratory Workers on Augmenting
Laboratory Testing with Robots. In Companion of the 2023 ACM/IEEE In-
ternational Conference on Human-Robot Interaction (HRI ’23 Companion),
March 13–16, 2023, Stockholm, Sweden. ACM, New York, NY, USA, 5 pages.
https://doi.org/10.1145/3568294.3580157

1 INTRODUCTION
There are several trends that are increasing the demand for, and
increase the strain on, labour in the hospital setting [14, 18, 29].
According to the World Health Organisation, population growth,
ageing population andworkforce, and changing disease patterns are
expected to drive greater demand for well-trained health workers
in the next ten years [29]. This leads to shortages in health workers.
One of the key factors to the shortages of health workers is the high
rate of repetitive strain injuries sustained by these workers due to
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ergonomic risks on the job. Specifically, tasks that require repeated
movements without adequate recovery time, or prolonged stand-
ing or sitting are cited among those that cause musculoskeletal
disorders among healthcare workers [10]. The impact of injuries
is exacerbated by the ageing workforce, as older workers often
suffer more severe injuries and take longer to recover than younger
workers. This problem is further exacerbated by the COVID-19 pan-
demic, which contributed to an unprecedented increase in demand
for health workers [6], and at the same time increased dropout rates
of these workers due to contracting COVID-19 themselves [2], or
due to declining mental health [15, 19].

One way to address shortages in the workforce [9, 28], improve
the safety of health workers [9, 28], prevent errors [3, 17], and com-
bat future pandemics [30] is through robotics. In this paper, we will
specifically look at the potential roles of robotics in testing within
hospital laboratories. Such testing is typically divided into three
phases: the pre-, intra-, and post-analytical phases. The process
starts with a physician ordering a test sample from a patient and
ends with the physician taking action based on the results [20].
Here, we will focus specifically on the conventional pre-analytical
phase that occurs within the hospital laboratory. At this phase, test
samples for specific clinical tests have been collected from a patient
and transported to the hospital laboratory. There, it starts with re-
ceiving test samples from within or outside the hospital. These test
samples need to be unpacked, registered, sorted and pre-processed
so that they are ready for the respective clinical test, before being
transported to the department that performs the clinical tests (also
see Figure 1 and Hawker [16] for a more detailed description).

While automation of hospital laboratories started in the mid-’80s
[28], advances in robotics and artificial intelligence allow robots
to work collaboratively with workers. This opens up a range of
new tasks that can be augmented through robots. However, it is
important to be cautious when deploying robots, because of the
risk of (unintentionally) displacing human work by eliminating
preferred tasks; the larger context of work needs to be considered.
To understand how robots and workers can complement one an-
other’s strengths, we need to understand the needs and values of
the workers [22, 27].

This paper investigates how robotics might play in the pre-
analytical phase of laboratory testing. We report on the results
from semi-structured interviews with hospital laboratory workers.
Through these interviews, we aim to uncover what this process
should look like in the future and how it, potentially, might be
augmented through robotics.
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(a) Two lab members unpacking a batch of
boxes that contain test samples.

(b) A rack of test samples ready to be sorted
by the respective automated machines.

(c) One of the automated machines that sort
test samples on type and destination.

Figure 1: The pre-analytical phase of clinical testing within the hospital.

2 METHODS
2.1 Research context
The Karolinska University Laboratory of the Karolinska Univer-
sity Hospital in Sweden participated in this study. This hospital
is one of the largest university hospitals in Europe and plays a
central role in providing healthcare in the greater Stockholm area,
as well as providing services to other care providers throughout
the country. The laboratory is spread out over six separate sites
within Stockholm. Four are smaller sites that only carry out stand-
ard and emergency clinical tests, and two are large sites where all
kinds of clinical tests are performed. Combined, the sites process
over 26 million clinical analyses a year. While the laboratory con-
sists of multiple departments, the pre-analytical department of the
laboratory is the primary focus of this study. This department is
responsible for the pre-analytical phase of clinical testing and is
present at the two larger sites.

2.2 Participants
We conducted eight semi-structured interviews with workers in-
volved in the workflow of clinical testing within the hospital. Parti-
cipants had 2 to 30 years of experience (M = 13). Their occupations
included three assistant nurses, a laboratory assistant, a coordin-
ator, a head chemist, a chemist, and a biomedical analyst. The
participants were recruited by the hospital itself, taking special care
to include a wide range of occupations and experience.

2.3 Procedure
Participants were initially blind to the goal of the interview and
were informed of it during the debriefing. After signing the in-
formed consent form, providing optional consent for recording the
interview, and the introduction, we discussed up to six futuristic
autobiographical stories with each participant. The interviews las-
ted up to one hour, which for some participants was insufficient to
discuss all six FABs. We encouraged the participants to use their
imagination, and think creatively, and that there was no right or
wrong answer. Once the participant came up with a narrative re-
lated to the story, we further probed and asked the participant
to elaborate. The interviews were held in English. For those who

consented to the interview being recorded, we automatically tran-
scribed the interviews verbatim using Amberscript1 and manually
checked each of them afterwards. For those who did not consent to
the audio recording, we only took notes on what they said.

Rather than directly asking participants about their needs and
values, which can often be daunting to do so on the spot, we utilise
design fiction as a tool to open up a space for discussion. Design
fiction is “the deliberate use of diegetic prototypes to suspend disbe-
lief about change” [Sterling, cited by 5]. Diegetic prototypes refer to
prototypes that exist in the world of fiction (diegesis). Design fiction
consists of something that creates a story world and prototypes
reflecting the story world that together create a discursive space
[12]. The design fiction method that we will use in our study is
futuristic autobiographies (FAB) [8]. FABs, created by the researcher,
are stories that take place in the future where the participant is the
key character. When participants are presented with such stories,
they are asked to create an autobiography that describes how the
story came to be and complete the story. The completed stories are
then used to open the space for a discussion on a certain topic.

The interview started with four FABs that did not mention robots,
in order for us to understand how the participants foresee their
future lab. These stories were designed to understand what they
enjoy most in their work, current needs that they would like to
have solved, dangerous situations that might occur, and how the
department could improve on handling future pandemics. After
discussing these stories, we moved to two robot-centred stories, in
order to assess whether robotics could play a role in the participants’
lab. These stories related to the envisioned role of robots in the lab,
and their anticipated collaboration with robots.

To further stimulate the participant’s imagination, which can
sometimes be difficult using FABs [8], we changed the autobio-
graphical nature of the stories not to be about the participant, but
about the participant’s future self. The stories were framed such
that this future self is talking to the participant. This way, we sought
to make it clear that the participants’ current knowledge and ex-
perience are changed in the future, in a way that only their own
imagination can describe.

1https://www.amberscript.com/
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2.4 Data analysis
We analysed the transcripts through thematic analysis [7]. This 
involved two researchers (the interviewers) who were familiar with 
the data, generated initial codes, generated themes, and finally re-
viewed, defined, and named themes together. For the coding of the 
transcripts, we adopted an inductive approach, rather than trying
to fit the data using a pre-defined coding scheme. The stories the 
participants come up with are not necessarily realistic, so we have
to look beyond what they literally mention. We, therefore, viewed 
the data within a contextualist framework, meaning that we “ac-
knowledge the ways individuals make meaning of their experience, 
and, in turn, the ways the broader social context impinges on those 
meanings while retaining focus on the material and other limits of
‘reality’”[pp. 81, 7].

3 RESULTS
Three themes were identified through the thematic analysis. Two 
themes relate to the use of robotics, and one theme is a more general 
need.

3.1 Theme 1: Robots are envisioned to increase
the well-being of workers

The tasks carried out by workers in the pre-analytical department
are not without risk to their health and safety. All participants
talked about injuries caused by exposure to ergonomic risk factors
associated with highly repetitive tasks and heavy labour. Specific
tasks that were mentioned included unpacking the boxes containing
the test samples, and pushing a heavy trolley packed with processed
test samples that need to be delivered to other departments within
the hospital. These tasks can cause injuries to the wrists, back,
shoulders, or feet when standing for too long. Another health risk
that was often mentioned is the risk of coming into contact with
the contents of a test sample due to spillage.

When envisioning the future, participants generally wanted tech-
nology that could aid them or take over tasks that pose a risk to their
health. Technology may be able to detect any leaking test samples
and intervene without risk of infection. The repetitive or physically
demanding tasks were also frequently mentioned as tasks where
technology could help. The participants mentioned that techno-
logy such as robots is better suited for these tasks because they
believe that robots are faster and perform them more consistently.
As such, technology could increase productivity, reduce health risks
to workers, and reduce human errors by taking over such tasks.

3.2 Theme 2: Robots are envisioned to change
their job to automation operators

Participants mentioned that they enjoy working with their col-
leagues, variety in their work, and solving problems. The manual
labour that they have to do, such as unpacking boxes or distributing
test samples within the hospital, are tasks that are necessary, but
not very enjoyable. Instead, they would rather focus on (cognitive)
tasks that they find more meaningful and for which they received
formal training. In their view, robots could help them by taking over
such tasks, so that they can then focus on these more meaningful
tasks.

When envisioning the future, much of the hospital laboratory
would be automated, where their work would be transformed into
automation operators. They would take care of the machines, pro-
cess the odd samples that the machines are unable to handle, and
solve any problems within the flow. In their view, machines break
down every now and then, which halts the testing process and
would need to be fixed as soon as possible. Machines would also
not be able to process all types of samples, as there would always
be non-standard samples that require a human to process them.
As automation operators, they would then still be in control and
responsible for the pre-analytical phase of clinical testing.

3.3 Theme 3: Need for flexibility to enable
adaptation to process changes in the
workflow

Every health crisis will be different and will require adaptations
to the pre-analytical phase of clinical testing. In turn, this requires
workers to be flexible in work and quickly adapt to changing cir-
cumstances. Taking the current COVID-19 pandemic as an example,
additional workers had to jump in or were newly hired throughout
the whole clinical testing workflow to manage the increase in work-
load. Some had insufficient knowledge of handling test samples,
which resulted in more incidents. Moreover, the large amount of
COVID-19 test samples that had to be processed also required ad-
aptations in the pre-analytical phase, because these samples tended
to clot. This was something that the current machines could not
handle well.

The inflexibility of IT systems was also frequently mentioned
by participants as a source of frustration, additional work, and
increased chance for human errors. Departments that are involved
in the clinical testing workflow, both inside and outside the hospital,
often use different software systems. These systems are often not
connected to each other and require different inputs. As a result,
workers need to manually insert electronic forms from one system
to another or need to find workarounds. For instance, research on
COVID-19 test samples was also made more difficult because of
the need to use standardised electronic forms that could not be
altered. As a workaround, researchers would verbally convey the
additional information on how to process the samples for a certain
study, increasing workload and the chance for human errors.

Lastly, the workload of workers is subject to change and re-
quires them to be flexible. Test samples are being transported to the
hospital from the surrounding area. When there is a lot of traffic,
this transportation is delayed. This then causes a sudden influx of
samples that may not have been anticipated by the workers, who
then have to adjust to processing the samples when they arrive. As
mentioned earlier, the COVID-19 pandemic was another source that
increased workload. Furthermore, the workload also changes natur-
ally throughout the week, where it is relatively quiet on Mondays
and Fridays because fewer people get tested on those days. The
fluctuations in workload can cause workers to need to work late,
but can also lead to bottlenecks in the pre-analytical phase when
not enough workers are available to process the test samples. This
can be problematic when there are many samples coming in that
are put on ice, which needs to be handled quickly, or samples that
need to be analysed immediately (emergency samples).
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4 DISCUSSION
The vision that emerges from our analysis is that of a robot that 
can be flexibly used for a variety of tasks within the pre-analytical 
phase of clinical testing. These robots are to improve the safety 
and productivity of workers and allow them to focus on more 
meaningful (cognitive) tasks and supervise the robots. In general, 
the participants had a positive attitude towards automation. Not 
only could more robots used within the pre-analytical phase be 
a way for them to focus on more meaningful tasks, but it could 
also increase the productivity of the lab, help them cope with the 
increasing workload, and reduce tasks that pose a risk to their safety 
and health.

4.1 Envisioned change in work
The work of blue-collar workers was anticipated by participants 
to change into that of an automation operator. Currently, blue-
collar workers in the hospital laboratory have to manually unpack, 
register, and transport samples, where automation is used mostly 
to sort and pre-process the test samples. Participants anticipated 
the work of these workers to change where they only do manual 
labour for atypical samples (e.g., samples with incorrect or missing 
information), which cannot be processed through a standardised 
automated workflow. And f or emergency s amples, which need 
priority in the workflow. They would also need to monitor the 
machines and robots, address any problems that occur, and monitor 
the overall pre-analytical phase of clinical testing, as they would 
still be responsible for it. The work of white-collar workers was not 
mentioned by participants, even though nearly half participants 
had a white-collar job.

Overall, the more cognitively demanding tasks are tasks for 
which blue-collar workers in the hospital laboratory are trained 
and which they perceived as being meaningful. This is in contrast 
to the manual labour tasks of unpacking, sorting, and transporting 
test samples. These tasks were not liked and posed safety and health 
risks to them. The envisioned augmentation of blue-collar workers 
takes advantage of the strengths of robotics in doing repetitive 
standardised tasks and combines those with the strengths of people: 
problem-solving skills, adaptability, and creativity of the workers 
[21]. Thus, while the tasks would change, the job is envisioned to 
remain [1].

The change in tasks also brings challenges. Incumbent workers 
would need to adjust to the new tasks and obtain new skills. The 
history of automation shows that this could lead to worker displace-
ment, resulting in a wage income loss [4]. Additionally, the tasks 
that the robot could take over also provide workers with relevant 
tacit knowledge. For instance, during the drop-off of test samples at 
the hospital laboratory, workers can talk to the drivers and inquire 
about the current traffic. This then allows them to anticipate any 
incoming shipments that might be late due to traffic.

4.2 More general-purpose robots
To improve the ability of workers to handle any changes in the 
workflow, or increases in demand for labour at certain stages, a more 
general-purpose robot is required. The demand for labour changes 
during the day, weeks, months, or as a result of external events 
such as a health crisis. This can create bottlenecks in the workflow

that demands the prioritisation of workers to be resolved. Current
generation automation is often highly efficient at processing stand-
ardised input, which also makes them inflexible to any deviations
in input or in changes to the process itself. For instance, there are
robots that efficiently sort test samples [e.g., 26], or transport goods
within the hospital [13, 24]. More general-purpose robots, such as
described by Dömel et al. [11], are currently still in a prototype
phase. Moreover, the analysis from Murphy et al. [23] shows that
there were only a few cases where existing robots were adapted to
new use cases during the COVID-19 pandemic. Having robots that
are accessible enough to be adjusted (e.g., attaching different grip-
pers) and programmed by blue-collar workers could aid in coping
with changes in an existing task, or adapting to new tasks.

4.3 Future work and limitations
All participants were from a single hospital in Sweden. To what
extent our findings are generalisable to other hospital laboratories
is uncertain. Additionally, the participating department already had
experience with industrial and collaborative robots. This experience
could positively influence their views on robotics [25]. In 2019, they
held a pilot study with a collaborative robot which can scan and
sort a variety of samples. While the study ended, this robot is now
permanently embedded pre-processing of samples. The department
also has an industrial robot (behind a fence) that opens the test
sample carriers from the pneumatic tube system that is installed
within the hospital. This tube system is the primary method for
transporting samples coming from within the hospital to the pre-
analytical department. A follow-up study with hospital laboratories
from different countries and from different types of hospitals (i.e.,
non-academic hospitals) would be needed to identify differences in
views on robotics.

5 CONCLUSION
In this paper, we describe the views on how robots can augment
workers in the pre-analytical phase of clinical testing done by hos-
pital laboratories. We conducted eight interviews with hospital
laboratory workers using futuristic autobiographies. Through our
analysis, we identified three themes. Workers envisioned robots
to increase their well-being and change blue-collar workers’ tasks
towards that of automation operators. Robots, combined with auto-
matedmachines, would then process standard test samples, whereas
blue-collar workers would only process atypical and emergency
samples. Additionally, they would monitor and address any prob-
lems with the machines or robots, and monitor the entire pre-
analytical phase of laboratory testing. This change was perceived
by workers as a change towards doing more meaningful tasks (cog-
nitive tasks, rather than manual labour). Additionally, workers have
a need to better cope with structural changes and temporary fluc-
tuations in the workflow. More general-purpose robots that can
be easily adapted and programmed by blue-collar workers could
address this.
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