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Abstract

Background: To transitionto afully digital workflow, a pathology department in a German university hospital reorganized its
processes, upgrading and integrating new technologies such as an updated laboratory information system and high-throughput
scanners. Whilethevisionsof digital pathology follow a“promissory rhetoric” of improved patient care, studies nametechnological
and professional challengesof digital pathology. We examined the experiences of the pathology staff with the digital transformation
processfrom an occupationa health perspective, focusing on the mutual influences between digital transformation and work-rel ated
psychosocial demands and resources.

Objective: The purpose of this study was to explore the interactions between occupational health and digital transformation in
the workplace based on a holistic analysis of an ongoing digital transformation process.

Methods: We conducted participant observation, focus groups, qualitative interviews, and document analysis using an ethnographic
research design. The pathology department had approximately 100 employees. More than 30 pathology staff members and
supervisors from the diagnostics, laboratory, quality management, administration, and I T areas participated. Data were collected
in 3 field phases between July 2022 and December 2023, representing different stages of the digital transformation. Data were
analyzed using the reflexive thematic analysis method of Braun and Clarke. In addition, 2 member-checking workshops were
conducted with the entire pathology team.

Results: We identified 2 key themes and 7 subthemes. The 2 key themes were (1) highly demanding work in a complex system
that does not fit and (2) striving for steadinessin an open-ended process. What we found was that the pathology department under
study experienced adigital transformation process with scarce human, time, and technol ogical resources. The results showed that
the process was at the expense of the people. Digital transformation remained a compromise and did not (yet) deliver on the
promise of increased work efficiency and reduced workload. The demand-resource mismatch emerged as a major digital
transformation stressor. However, the slower transformation was leveraged by the pathology staff to improve the organizational
culture and (again) find creative workarounds. Digital transformation led to the renegotiation of work roles and identity. It also
led to the creation of anew network of connections through the implementation of new technologies but also through the creation
of new forms of team communication.

Conclusions: The modernization of the health care system is necessary, but it risks taking place under inadequate working
conditions. Increased work intensity and perceived psychosocial stress during the transformation process threaten to drive even
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more people out of the health care system. Therefore, protecting the occupational health of the people implementing digital
transformation should be at the core of planning digital transformation projects.

(J Med Internet Res 2025;27:€63366) doi: 10.2196/63366
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Introduction

Digital Transformation in Pathology

Pathology departments worldwide are moving toward digital
pathology due to improvements in storage and scanner
technology as well asin the field of artificial intelligence (Al)
[1,2] (refer to Textbox 1 [3-5] for definitions). A key analogue
practicein pathology that isnow being digitized viawhole-dide

Textbox 1. Relevant definitions.

imaging is diagnosis. This means that, instead of examining
tissue samples on glass slides under a microscope, the glass
dideisscanned asahigh-resolution image, and the digital slide
is examined on a computer screen. Digitizing this step can be
seen as a paradigm shift in the digital transformation of
pathology. It affects the entire pathology workflow [6]. The
implementation of digital pathology is a prerequisite for the
integration of Al asthe second paradigm shift inwhich Al-based
diagnosis is expected to become central [7].

Digital transformation

Digital pathology

data to be shared by all specidistsinvolved” [5].

Digital transformation can be understood as “a change that occurs with the implementation of technologies’ but “goes beyond digitalization as it
involves changing organizational processes and tasks’ [3]. Digital transformation does not focus on technology alone but considers the entire change
process of an organization. New technologies|ead to the emergence of “new performance, new processes, and new business models’ [3]. In the health
care sector, “the wide and deep use of information technologies changes how health services are delivered and processed” [3].

Digital pathology encompasses but is not analogous to digital microscopy. Digital pathology is “a blanket term that encompasses tools and systems
to digitize pathology slides and associated meta-data, their storage, review, analysis, and enabling infrastructure” [4]. Unlike traditional microscope-based
pathology, digital pathology is characterized by the use of whole-slide imaging technology. By digitizing the histological slides, image analysis can
now be performed on the computer screen [4]. At the level of work organization, digital pathology is “the integrated use of information technology”
in pathology “to assist in the creation, sharing, and exchange of information, including data and images, and to support the complex workflow, which
ranges from the receipt of study material to submission of the final data. For these purposes, digital pathology requires the development of an
infrastructure that enables collaboration between different pathology facilities or health systems by allowing multimodal and multi-level pathology

The visions of digital pathology are characterized by a
“promissory rhetoric” [8]. Digital pathology is expected to
improve patient care, for example, through better management
of high-order volumes despite staff shortages, improved
diagnostic accuracy and quality control, improved collaboration
among health care professional s (eg, improved data sharing for
research, teaching, and multidisciplinary meetings such astumor
boards), and an increased ability of physiciansto work remotely
[1,9-11].

However, in contrast to the promise of better work, studies
identify pitfalsof digital pathology in many steps of the process,
such as misprinted barcodes, scanning errors, blurred images,
and storage media failure with the risk of dataloss[12-17], as
well as pathologists' concerns “to relinquish their microscope’
[18]. Studies have shown that the diagnostic accuracy of
whole-dlide imaging is similar to conventional diagnostic
performance[2,19,20]. Technical questions about thereliability
of digital reporting areinevitably accompanied by work-rel ated
questions such as how certain or uncertain pathologists feel
when diagnosing digitally rather than conventionally. Carboni
et a [21] showed in their ethnographic study of digital pathology
that digita slides and conventional glass sides require 2
different types of “professional vision” [22]. Pathol ogists have
to learn both asthey do not consider digital slidesto be suitable

https://www.jmir.org/2025/1/e63366

for all cases. Asaresult, digital and anal ogue diagnostics coexist
rather than mutually excluding each other [21,23].

Digital Transformation and Work-Related Health
Risks

From an occupational health perspective, potential work-related
health risks of digital transformation should be discussed [24].
Studies suggest that pathology staff are affected by perceived
job stress and burnout, although work in pathology is aso
characterized by high levels of job satisfaction. Overwhelming
workloads, understaffing, additional responsibilities, and the
resulting individual feelings of inadequacy and unpreparedness
have been identified asimportant sources of perceived job stress
in pathology [25-27]. Initial studies suggest that digital
pathology may cause additional work-related risks, such asthe
risk of lower back and wrist complaints or so-called computer
vision syndrome[28]. Littleisknown about the perceived stress
faced by those who have to implement digital transformation
[29]. Overall, psychosocial demandsand resources have not yet
played a central role in studies of digital transformation in
pathol ogy.

Concretetools are available to address thisimportant issue from
an occupational health perspective, such asthe Risk Assessment
of Work-Related Psychological Stress of the Joint German
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Occupational Safety and Health Strategy (GDA; Gemeinsame
Deutsche Arbeitsschutzstrategie) [30]. Building on established
models of work-related perceived stress, the GDA scheme
identifieswork content, work organization, working time, social
relations, work equipment, and working environment as relevant
dimensions of potential psychosocia demands and resources.
This helps make digita transformation tangible in terms of
occupational health and break it down into its individual
components. Thus, digital transformation is not an abstract
process, it is made, shaped, and endured by people.

Resear ch Questions and Objectives

The aim of this study was to understand digital transformation
in theworkplace through the lens of occupational health viathe
example of an ongoing digital transformation process in a
pathol ogy department in Germany. While research and practice
oftentimes focus on the impacts of digital transformation on
work and employees’ work-related demands and resources, we
also considered how working conditionsin ahealth care system
of increasingly scarce resources shape digital transformation.

Our research question was as follows: how do work-related
psychosocial demands and resources and “doing” digital
transformation mutually affect each other?

Methods

Study Design

We used a qualitative approach with an ethnographic study
design. Ethnographic approaches are well suited for studying
organizations [31] and their complex change processes, such
as the implementation of new technologies [32]. The
ethnographic approach allowed the researchersto participatein
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the daily work of the employees in the pathology department
and to observein detail thework activities and work experiences
in different workplaces and from different perspectives. In this
way, the relationship between digital transformation and
work-related psychosocial demands and resources could be
better understood, and new insights could be generated [33].

The research was embedded in occupational health service
research [34,35]. We used the GDA’'s Risk Assessment of
Work-Related Psychological Stress [30] as a core sensitizing
concept. Perspectives from Science and Technology Studies,
particularly that of Mol [36], served as a sensitizing concept to
understand the network of human and nonhuman actors and
grasp digital transformation as a phenomenon that fans out into
multiple digital transformations depending on the specific role
and work task of each employee, as well as the transformation
phase and the experiences that were already had or yet to be
had [36]. Even though our analysis was more theme oriented
than a solely praxeological approach would have been, the
praxeological perspective helped ustackledigital transformation
as a process that is enacted in the daily work routines of
pathology staff.

Study Population

This study took placein the pathology department of a German
university hospital, which had approximately 100 employees
and consisted of several laboratories with different testing
modalities such as histopathol ogy, immunohi stology, molecular
pathology, and cytology. The goal of digital transformation in
this pathology department was to implement a fully digital
workflow. Throughout the research process, we encountered
several technology layers on the path to digita pathology
(Textbox 2 [12] and Textbox 3).

Textbox 2. Technological levels of digital transformation in the pathology department studied.

Thedigital transformation wasinitially led by theimmunohistochemistry laboratory as apioneer for the other laboratoriesin the pathol ogy department.
Level 1

Inthe past, the department had taken first stepstoward digital pathology by implementing a high-throughput scanner and small single-section scanners.
Microscopes had been equipped with cameras that could also be used to scan single slides. However, the digital slides were mainly used for teaching,
research, and consultation purposes, not for routine diagnosis [12]. In the meantime, these technol ogies became outdated.

Level 2

At the beginning of the research process (field phase 1; Textbox 3), the department had just implemented an updated |aboratory information system
suitable for digital pathology and a new labeling system, which included the use of data matrix codes with barcode scanners and an increased amount
of dide printers (for details on the work tasks, refer to Multimedia Appendix 1). At that time, the changes primarily affected the administrative and
laboratory staff. However, scans were already being taken using test scanners, and preparations were being made for later validation. Pathologists
were aready practicing digital diagnosis on-screen.

Level 3

The delivery of the new high-throughput scanners at the start of field phase 3 marked a turning point. The plan was to begin a crossover phase in
which the digital workflow of scanning glassslidesfor digital diagnosiswould runin parallel with the conventional workflow of microscopic diagnosis.
The goa was to validate the digital workflow in the immunohistochemistry laboratory during the crossover phase to be certified by the Deutsche
Akkreditierungsstelle GmbH (DAkKkS), the national accreditation authority for laboratoriesin Germany. However, the validation of the scanners took
longer than planned dueto technical issues, and digital diagnosisas part of the routine workflow was still not possible at the end of the research project.

Level 4

The digital pathology workflow would be successfully validated and approved by the DAKKS. The pathology laboratories involved in the digita
transformation project would then primarily use digital diagnosis in their routine workflow. Other laboratories in the pathology department would
gradually be integrated into the digital workflow.
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Textbox 3. Study participants and researchers by field phases.

Field phase 1: preparing for digital transformation

The first phase of research took place in August 2022. At that time, technology level 2 (Textbox 2) had just been completed. In total, 2 experienced
researchers carried out 5 participant observations in the main histology laboratory (where the vast amount of routine staining [mostly hematoxylin
and eosin] are performed) and the immunohistochemistry laboratory (where antibody-based stains are performed) and with the pathologists during
their diagnostic work (duration of 5.5, 2.75, 3, 2.75, and 1.75 hours). Participants in the first field phase were laboratory technicians and quality
management (QM) staff membersaswell as pathol ogists. The researcherswere CP (doctorate in sociology with many years of experiencein qualitative
research in occupational medicine, health service research, and criminology) and ER (PhD [health sciences], head of the research unit Healthcare for
People of Working Age, and experienced in organizational and occupational health service research and qualitative research methods). The questions
of interest were as follows: what is the previous and current experience of working in the pathology department for different members of staff at
different workstations? What are the attitudes, expectations, and experiences of different members of this pathology department regarding digital
transformation? What are the fears and hopes regarding this transformation, and what is the reality? What are the “relationships’ between people and
technology?

Field phase 2: waiting for digital transformation

The second phase of research was originally scheduled for January 2023. The idea was to study the period after the delivery of the high-throughput
scanners (level 3; Textbox 2). However, due to delivery problems, the scanners did not arrive in December 2022. To avoid losing valuable time, the
research team changed the research focus for field phase 2. In March 2023, an experienced researcher together with a novice researcher conducted 2
focusgroups (lasting 48 and 52 minutes) and 1 semistructured qualitative interview (67 minutes) with digital transformation decision makers. Participants
in the second field phase were pathologists, laboratory technicians, and IT and administrative staff with leadership roles. The researchers were BLG
(doctor scientiarum humanarum with many years of experiencein qualitative research in health care and professional experiencein theimplementation
of digitalization projects) and SPP (physician with vocational training in occupational medicine, doctoral candidate, and a novice in qualitative
research). The questions of interest were as follows: what are the attitudes, expectations, and experiences of decision makers regarding digital
transformation? What |eadership and change management concepts shape the process? How are decisions made?

Field phase 3: arrival of digital transformation

The third phase of research was originally scheduled to be completed no later than early summer 2023. The idea was to observe routine work with
digital slides (technology level 4). However, the pathology department remained at level 3 due to continued delays in the delivery of scanners. Due
to limited project resources (time, personnel, and funding), the research team shifted its research focus again. In November 2023, BL G, partly together
with SPP, conducted 6 participant observations in the laboratory, diagnostics, and administration areas (duration of 2, 2.5, 3.25, 2.5, 1.5, and 2.5
hours). Participants in the third field phase were pathologists; |aboratory technicians; and IT, QM, and administrative staff. The aim was to collect
experiences with the moment of arrival of the long-awaited scannersin everyday work. The following questions were of interest: how is work done
(differently) in pathology today? What changes does the ongoing digital transformation cause? How is the “arrival” of the scanners experienced?
What influence does their presence have on attitudes, expectations, and experiences with regard to digital transformation?

The study population consisted of >30 pathology employees
and supervisors from diagnostics, laboratory, quality
management (QM), administration, and IT as areas of the
pathology department that were relevant to digital
transformation. The sample included different professional
backgrounds (eg, physicians and laboratory technicians) with
varying levels of work experience. Members of the
multidisciplinary digital transformation core team aso
participated in the study. The researchers had been approached
by the pathology department and asked for an accompanying
occupational health study. The researchers had no previous
professional ties to the pathology team. Field access was
facilitated by ongoing communication with akey informant in
the pathology department who kept the research team informed
about the digital transformation process and helped organize
data collection. Given the high workload in the pathology
department, communication and scheduling were sometimes
challenging, and the researcherswereinitially concerned about
being an additional burden. However, as the research process
progressed, a trusting research relationship was established
between the research team and the pathology department, and
the research team began to contact relevant participants within
the pathology department directly, facilitating communication
and scheduling.

Ethical Consider ations

This study was approved by the Ethics Committee of the
Medical Faculty of the Eberhard Karls University Tiibingen

https://www.jmir.org/2025/1/e63366

and the University Hospital of Tibingen in July 2022
(373/2022B02). Before the start of field phase 1, al research
participants were informed about the research project, the
researchers’ role, data protection measures, and the option to
opt out during staff meetings. Furthermore, informed consent
was obtained either in written form or verbally during the field
phases. All data were pseudonymized by BLG. Research data
were stored at the Ingtitute for Occupational and Social Medicine
and Health Services Research and only accessible as a whole
to the senior scientistsin the project. Research participantswere
presented with only asmall section from the data during member
checks. To protect research participants further, some quotes
were merged to make it more difficult to identify individual
team members. The participants did not receive compensation
for their participation in the study. Their study participation was
part of their working time.

Data Collection

As we were interested in digital transformation as a process,
data collection took place in 3 field phases in August 2022,
March 2023, and November 2023 (refer to the work by Bikker
et a [37] for afocused ethnographic approach). Each field phase
was intended to reflect relevant developmental momentsin the
digital transformation process. Data collection methodsincluded
participant observation using unstructured interviews; focus
groups; semistructured qualitative interviews, and documents
such as training documents, emails, field notes, and research
diaries. Unstructured interviews during observations, the focus
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Figure 1 provide details on data collection.

Figure 1. Digital transformation process and research process. DAKKS: German Accreditation Body; LIS: laboratory information system; WSI:

whole-slide imaging.

__________________________________________

New hboratory workflow

Im plem enting an updated
LIS, slide printers, and
barcode scanners

Slide printer

LIS on 2 screens with barcode scanner (left side)

/ h

Implementing WSI
Deliv ery of scanners.
Implementing and
validating scanners
and viewers.

Crossover period

Both analogue and
digital slide
examination possible

High-throughput scanner

Next steps:
accreditation by DAkkS
and rollout

Analysis

Datawere transcribed by a professional office, pseudonymized
by BLG, and then analyzed using the reflexive thematic analysis
method by Braun and Clarke [38,39]. This method was chosen
to develop core analytical themes and their relationships from
the data at a level that would alow for in-depth analysis of
concrete actions as well as analysis of attributed meanings and
relevant contextual factors while preventing conclusions about
individuals and, thus, protecting the identities of the pathology
staff involved. Analysis was conducted immediately upon the
completion of data collection for each field phase so that
findings and open questions could be incorporated into
subsequent data collection. In each phase, after familiarization
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with the data (eg, by reconstructing the reported “real-life”
workflow; Multimedia Appendix 2), the entire dataset was
coded, and initial themes were developed. Upon completion of
all 3field phases, thefinal themeswere defined, and thefindings
were written up.

The analysis was a combination of individual work and group
discussions. At each stage, an experienced researcher (BLG)
and a student research assistant (OA; master of artsin cultural
anthropology and experienced in qualitative research) analyzed
the material individually. The ongoing analysis was then
discussed in weekly peer debriefings by BLG, OA, and CP,
always reflecting on the fact that each researcher was
interpreting the data against their own professional and social
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background. On occasion, extended peer debriefingsand journal
clubs were held with the participation of SPP, ER, and MAR
(medical director at the Institute for Occupational and Social
Medicine and Health Services Research, occupational health
physician, university professor of occupational and social
medicine, and experienced in qualitative research).

In addition, 2 member-checking workshops were held, one in
March 2023 (hosted by BLG, SPP, and ER) after thefirst phase
and one after the third phase in March 2024 (hosted by BLG
and ER). At the workshops, the research team presented and
discussed the findings with pathology supervisors and staff.
This ensured that pathology staff were able to provide their
professional perspective to the analysis without access to the
primary data or pseudonymized transcripts. Participants
feedback on the findings and the research process was

Figure 2. Fina themes and subthemes.

Theme 1: highly demanding work in a

complex system that does not fit

Subtheme 1.1 Subtheme 1.3
streamlining a complex multiple understandings
reality of digital transformation
Subtheme 1.2 Subtheme 1.4
demanding work and nonfit as a stressor in
insufficient resources digital transformation

Theme 1: Highly Demanding Work in a Complex
System That Does Not Fit

Overview

The work in the pathology department was characterized by
complexity and high job demandsin terms of speed and quality
and insufficient resourcesin termsof time, personnel, and work
equipment. It was in this overburdened context that the digital
transformation of the central workflow took place. In a context
already characterized by mismatch or “nonfit, digital
transformation, also characterized by nonfit, represents an
additional stressor. In the following sections, we will outline
the key factors that characterize the perceived digital
transformation stress in pathol ogy.

Subtheme 1.1: Streamlining a Complex Reality

In general, highly demanding work is a central feature of al
pathology workstations (Multimedia Appendix 1) and requires
smooth collaborations between humans and technologies.
Laboratory technicians perform sensitive, concentrated work
with their hands in interaction with microtomes, barcode
scanners, dlide printers, water baths, and laboratory information
systems via computer screens. Pathologists perform precise
diagnostic work through highly detailed viewing, searching,
and describing of tissue sections against a background of broad
and specific contextual knowledge and in closeinteraction with
technology such as microscopes, computer screens, and
laboratory information system. In addition, the pathology staff

https://www.jmir.org/2025/1/e63366
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incorporated into the next steps of the research process [40].
Reporting of the study followed the Standards for Reporting
Qualitative Research guideline [41].

Results

Overview

Weidentified adistinct set of themes and subthemes in each of
the 3 field phases. Figure 2 provides a visual representation of
the themes that will be outlined in this section. This paper
focuses on thefinal themesthat depict the essence of the digital
transformation process. Pathology is an interprofessional work
setting. We differentiate between professional groups where
necessary; otherwise, we speak more broadly about pathology
staff.

Theme 2: striving for steadiness in an open-

ended process

Subtheme 2 2:
turning slow
technological progress
into a chance to create
connections

Subtheme 2.1
refining competencies for
future digital pathology

Subtheme 2.3
hybridity as the inevitable

outcome

has to constantly check work steps and maintain an overview
at each workstation to avoid errors.

In the pathology department, the work tasks in the core
workflow were intertwined. This made work very complex.
Although the tasks per case were linked in a linear sequence
(Multimedia Appendix 1), a large number of cases had to be
worked on simultaneously. This meant that the same workflow
was performed in parallel for alarge number of different cases.
In addition, the work tasks were performed by different
actors—a demanding coordination task that had to be sensitive
to interfaces as mix-ups have seriousimplicationsfor diagnosis
and patient health. In addition, |oops were often necessary, such
as when pathologists requested additional staining. The case
would then be returned to the laboratory, where sections would
be prepared and stained again, and then returned to the
diagnostic department. The fact that the pathology department
was located in several buildings spread across the city added to
complexities, for example, when sample tissues had to be
transported back and forth and staff had to switch locations on
short notice.

Apart from digital transformation, the increasing number of
orders for diagnostics underlined the necessity to modernize
and streamline outdated workflows. To control and manage
this, comprehensive knowledge and data management were
critical. Thisiswhere, for example, the laboratory information
system cameinto play, in which each case was created and then
developed as a dataset by each actor involved in the pathology
process, resulting in a constant flow between data generation
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and data documentation. For example, the pathol ogists created
knowledge by dictating the findings into the laboratory
information system. From there, it was accessed by the
administrative team, which transcribed the new audio recording
if necessary and fed the information back into the laboratory
information system and, thus, into the diagnostic process.

However, there was a nonfit between the complex and
case-specific nature of pathology work and the standardization
requirements of digital technology. Streamlining workflows
impedes case-specific requirements as well as employees
individual ways of performing work tasks, thus challenging
employees’ scope for action. For example, during the second
fieldwork phase, the pathologists told us about their work task
of predefining fixed data fields for the structured reporting
software that would be used in the future. This meant that the
future writing of reports containing pathol ogists' findingswould
be highly standardized. To define these data fields, they had to
anticipate what information would be relevant and useful to
their colleagues in the future based on the knowledge of the
present and controlled by the options provided by the software:

Then we are till in the process of standardizing the
reporting structure, which is also part of the digital
transformation, into a systematic, unified reporting
format with datafields. Itisalot of work to implement
that and to do it in such a sustainable way that all the
current regulations are considered, the current
guidelines and the current knowledge. It forces usto
update our own knowledge and do a lot of research.
And that has nothing to do with digital
transformation, it hasto do with the content that needs
to be stapled down. | have a responsibility there. What
do | put in there? It is like a written document. |
cannot change it every 2 weeks. This is an upfront
effort that has to be made. | just want to get that
behind me. Even though it is very exciting.
[Pathologist and decision maker perspective; field
phase 2; aggregated quotation]

Subtheme 1.2: Demanding Work and I nsufficient
Resources

However, the conditions under which the demanding work and
digital transformation took place in the pathology department
were characterized by insufficient resources. We will illustrate
thisthrough the exampl e of staff shortages and inadequate work
equipment.

The increased workload, combined with a lack of sufficient
staff, was compensated by the remaining staff through high
work intensity; extended working time; and, during the digital
transformation, unplanned extrashifts. Laboratory technicians,
for example, told us that they worked longer hours so as not to
overload the early shift of thefollowing morning. Administrative
staff worked longer hours so that their laboratory and diagnostic
colleagues could get right back to work on cases the following
day. This led to a constant feeling of work-related negative
stress among pathol ogy staff and supervisors for several years.
The need for more staff in the department was so great that, in
the early stages of fieldwork, the researchers were sometimes
hoped to be new colleagues.

https://www.jmir.org/2025/1/e63366
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In this system already running beyond full capacity, digital
transformation was perceived as an additional burden:

Going digital is a good thing. But what bothers me

isthat we are already so understaffed. There are too

few people and too much work at the sametime...and

then there's digitalization on top of it. [Laboratory

staff perspective; field phase 1; aggregated quotation]
In addition, the lack of adequate work equipment was an
impediment to digital transformation. For example, scanners
were delivered three-quarters of a year late and did not meet
the technological requirements of the pathology department.
The latter was in part attributed to the bidding process severa
years earlier, which had not considered the pathology
department’s specific requirements. Another obstacle was the
nonfit between the new and older work equipment, such as
staining machines and glass coverdlippers, which were supposed
to work well with the new generation of technology but did not.
The interoperability between old and new machines was
characterized by disruption. For example, the glass coverdippers
were so inaccurate that they caused the scanner to fail:

The scanner arm has two grippers. If we have an

angled label onthe glass slide and the grippers grab

it, what happens? The adhesive from the dide stains

the grippers. As a result, the grippers eventually

become so sticky that they can no longer grip. The

scanner then experiences a system failure. This has

avariety of effects, including a compl ete system crash.

We have to open the machine. Of course, this means

that we have to increase the burden on the people.

[Decision maker perspective; field phase 3;

aggregated quotation]
To compensate for the shortcomings of the technology,
additional time resources had to be invested in monitoring it.
With no staff to do this, eventhel T project manager sometimes
took on this task. Ordering new equipment to replace outdated
technology proved cumbersome due to limited financia
resources:

We are till using the automated glass coverdlipper,
which is still causing us a lot of problems today. An
automated film coverdlipper would be better. But then
there's the problem of funding. We need a certain
amount of basic work equipment for the digital
transformation. But people complain that we need it
because it costs so much. So, what should we do?
How can we work and change things if we don’'t get
the basic work equipment? It’'s really depressing to
be held back like that. [Laboratory staff perspective;
field phase 3; aggregated quotation]
What we saw here was that alack of staff and adequate work
equipment led to a mismatch between roles and work tasks and
role extensions as an emergency strategy in digital
transformation. The expectation that 2 generations of technology
could be seamlessly combined and that the human-machine
interactions could be easily replicated in the new digital process
was not realistic. Instead, the pathology staff had to build the
digital transformation “around” the outdated machines. This
resulted in various nonfits and highlights an important
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discrepancy asdigital transformation was supposed to increase
efficiency by creating fit but did not (yet) do so:

The investment in technology does not match the
ambition we have here. It's a complete discrepancy.
We're doing Formula One here and what we have is
a VW Beetle with a Ferrari engine. It just doesn't fit
together. [Decision maker perspective; field phase 3;
aggregated quotation]

Subtheme 1.3: Multiple Understandings of Digital
Transformation

The perception, definition, and attribution of what digital
transformation meant multiplied over time among pathology
staff. It became clear that digital transformation meant different
things depending on one's responsibilities and role, the daily
work content and tasks, the experience with adequate or
inadequate work equipment, the level of preexisting perceived
work-related stress, and how much one had already experienced
working within the new workflow. For example, in the third
field phase, some laboratory, QM, and administrative staff
members who had already experienced many difficulties
developed a negative perception of digital transformation,
whereas many pathologists seemed to be more neutral. They
still had little practical experience in daily work with the new
digital pathology workflow because the scanners and viewers
had not yet been implemented.

Digital transformation as apromise of better working conditions
was mentioned less frequently over time. Inthefirst field phase,
while waiting for the next steps of digital transformation, the
hopeful vision that the new technology would at least partially
solve the problems of staff shortages and high workload was
repeatedly expressed. Most pathology staff members viewed
traditional pathology as a cumbersome way of working and
looked forward to improvements through digital transformation.
The scanner was latently framed as a new nonhuman colleague
that could help reduce high work intensity. This was supported
by the experience with early advances. For example, the
implementation of barcodes and the laboratory information
system led to fewer mix-ups of tissue samples. Later, laboratory
technicians becameincreasingly fatigued by problemswith the
new, nonhuman “colleagues,” who did not proveto beasreliable
asexpected. Instead, the scanners created additional work tasks
due to the extensive testing required to integrate them.
Laboratory supervisors reported that they had to stay one step
ahead of the technology, constantly checking to identify and
correct errors and system failures. Another example is
transcription. Although speech recognition of pathologists
dictations was supposed to be a relief for the administrative
staff, it actually created additional work. The transcriptionist
had to constantly check and correct what the speech recognition
had automatically transcribed into the system as it often made
mistakes. In addition, new work tasks such as loading and
monitoring the scanners and the surrounding technol ogy proved
to be monotonous and added to an aready high workload. On
the basis of these experiences, digital transformation was more
of aburden than a solution.

In addition, in the third field phase, some staff members
expressed concern about the possible loss of tasks that they
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liked, especially those that had to be done by hand. Here, digital
transformation was viewed with sadness becauseit could change
their job identity:

| think it's great that | can still do things by hand.
That's why | was a bit afraid of the digital
transformation. Scanning sidesisfine because| still
have the sectioning. That’'s something you can only
do by hand. And also labelling the dlides...I chosethis
profession so that | could do something with my
hands. And not so that | could just push a button. That
was my interest. And that's why | was attracted to
histology, because| still have that manual work here.
[Laboratory staff perspective; field phase 2;
aggregated quotation]
Pathologists also showed love for their manual work, such as
sectioning tissue in macroscopy, and for traditional pathology
instruments such as the microscope even though microscoping
may cause headache or back pain sometimes:

| really like my microscope. It is a good microscope

and | amvery grateful for it. [Pathol ogist perspective;

field phase 3; aggregated quotation)]
Beforethearrival of the scanners, l1aboratory techniciansliterally
ran (to) the machines. The work intensity for employees
increased even more after the arrival of the scanners. Thisisin
stark contrast to the ideathat the machines should rather enable
employees to perform meaningful tasks that only humans can
do, such as making fine cuts on a microtome:

People run here between 6 am. and 8 am. Some
people run 4 kilometers here in the morning. When
you need to titrate, you hear a beep. Then you run
over, titrate by hand, close the lid [of the staining
machine] again, and run away. But ideally, modern
technology should be sufficiently integrated into the
process and developed to take that burden off these
people. To give them the opportunity to realize their
true destiny: To turn to their excellence. [Decision
maker perspective; field phase 3; aggregated
quotation]
Thevision of digital transformation hereisto enable employees
to do meaningful work based on a human-technology work
relationship where technol ogy, as a nonhuman actor, acts as an
assistant to human actorsto relieve them of their workload. In
contrast to this vision, the reality was rather messy. Unlike the
human actors, the nonhuman actorsin this pathol ogy department
were unable to adapt to semioptimal conditions. They created
new errors and relied on human problem-solving skills to
continue working for the human actors, who in turn relied
heavily on technology. Thevision of asmooth work relationship
between human and nonhuman actors became a rocky reality
in which technology caused unpredictable disruptions to the
workflow and reduced employee job control.

Asaresult, inthethird phase of thisstudy, digital transformation
was pragmatically redefined by some pathology staff members:

The only thing we are waiting for is what will really
help us. The coverslipper is giving us problems. So,
we're looking forward to a new one. The term,
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whether it's digitalization, doesn't matter. Digital

transformation isjust a different way of doing things.

It will not make work disappear. This is also due to

QM, that in a certain way it will still be the case that

we have to look through everything and always keep

an overview. The only difference is that now you do

it ona PC and not with a glassslidein your hand. At

the moment, at least in the lab, we till have the same

work steps. [Laboratory staff perspective; field phase

3; aggregated quotation]
Here, digital transformation was no longer seen as a source of
relief but smply as a different way of performing work tasks.
However, the different understandings of digital transformation
did not replace each other in a linear fashion but existed in
parallel. Throughout the entire process, the benefits of digital
transformation were repeatedly emphasized, especially by the
decision makers but also by employees. Despite the many
problems in the implementation process, the vision of future
pathology as a better place to work still served as a motivator:

| can imagine that we're paying a very high price for
this right now, but in the end, it will be worth it.
Smply because we will be relieved in our daily lives
if everything works as planned—with the Al, with the
digital findings, with the synoptic reports that will
come in the future and that will be fed with
information from the viewer...| can imagine that the
streamlining that we are doing all the time now will
create a benefit in everyday life. [Pathologist and
decision maker perspective; field phase 2; aggregated
quotation]

Subtheme 1.4: Nonfit asa Stressor in Digital
Transformation

In our view, the discrepancies that characterized this working
environment and the digital transformation process described
in subthemes 1.1 to 1.3 were a central cause of the pronounced
perceived work-related stressin this pathology department. The
work-related stress already existed in the department
independently of the digital transformation project but was
significantly exacerbated as part of the digital transformation:

WE've had this staff shortage for at least 3 or 4 years
now, and of coursewe' ve had this stressfor years...So
here at work I'm so terribly tense all the time
that...I’m always under electricity and | don't feel
well. And then | come home and then the burden
really falls off. [Laboratory staff perspective; field
phase 3; aggregated quotation]

Many employees perceived psychologica stress as a normal

condition:

We are constantly unconsciously compensating and
coping. To achieve the workload that you have to
achieve, what is expected of you. And that is actually
the normal situation for us. People sometimes have
[physical] breakdowns. [Laboratory staff perspective;
field phase 3; aggregated quotation)]
What seemed to be particularly stressful was that, on the one
hand, the following motto—"We work for the patients’—served
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as a motivating guideline but, on the other hand, there was a
lack of resources to meet this requirement in a healthy way.
Perceiving themselves as the “guides of therapy” (pathologist
perspective; field phase 3) with enormous responsibility for the
life and survival of patients, pathology staff repeatedly went
beyond their own limits for the sake of the patients' health,
thereby putting their own health at risk.

Coping strategies seemed limited. Pathology staff seemed to
have no choice but to endure the discrepancy between the
demand for optimal patient care and their actual performance.
One laboratory staff member said the following:

You have to accept that not everything can be done.

There was repeated talk of perseverance as a strategy, of “just
getting through it,” of “fighting through it bit by bit,” or of
“keeping one's head above water” (various voices from the
laboratory; field phase 3). Some employees did not even see an
increase in staff as arelief:

It's too much work. [Pathologist perspective; field
phase 3]

Work-related stress, which was a normal condition in this
pathology department, strongly influenced the experience of
digital transformation. The feeling of being overburdened was
repeatedly expressed, for example, being “overwhelmed” by
digital transformation due to the lack of time resources
(laboratory staff perspective; field phase 3). The mismatch
created new problems that influenced the perception of what
digital transformation “is’—a project fraught with problems:

What we hear is: This isn't working yet, there are

problems, this is broken, this needs to be replaced.

[Laboratory staff perspective; field phase 3]
The clear additional burden of digital transformation due to
insufficient resources stood in stark contrast to the promise of
relief through digital transformation. Decision makers seemed
to be aware of this discrepancy but were unable to change it.
The only thing that seemed to be under their control was the
communication about it and how the “promise” was handled:

As a supervisor, you have to endure the impertinence
of going through a transformation process with
limited human, financial, and spatial resources, which
initially means more work and more effort. Perhaps
with the perspective that things will be better
afterwards. You can't promise: It'll be done in 4
weeks and it won’'t be a problem. But it would also
be the wrong message to say: “It is all so difficult
and | don’t know if we can do it” [Pathologist and
decision maker perspective; field phase 2; aggregated
quotation]

Theme 2: Striving for Steadinessin an Open-Ended
Process

Overview

Degspite the previously mentioned lack of fit, the pathology
department effectively moved forward with its digital
transformation. This achievement was possible by “making it
fit" and by accepting permanent nonfits. In the following
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sections, we will outline 3 key factors that created this
compromise: refined competencies in the area of work content
and work tasks (qualification) in subtheme 2.1, connectedness
inthe areaof social relationsand work organization in subtheme
2.2, and hybridity in the area of work organization in subtheme
2.3.

Subtheme 2.1: Refining Competenciesfor FutureDigital
Pathology

In the first phase of our study, we observed how digital
transformation led to the renegotiation of work roles and
identity. Aswe returned for the second phase of fieldwork, we

Textbox 4. Competencies required of future digital pathology staff.

Geidler et d

identified not only changesin work practices dueto the adoption
of new technologies but also notable shifts in organizational
culture. Organizational culture can be defined as “the shared
basi ¢ assumptions, values, and beliefs’ [42] that guide the way
in which people act and interact, create rules, and make
decisionsin an organization. It includes not only principlesand
norms but also implicit rules and shared understandings [43].
With regard to the pathology department, we found that a
specific set of competencies was increasingly emerging as a
“must-have” for employeesworking in future digital pathology
(Textbox 4).

high and sometimes contradictory demands

changes

« Motivation for lifelong learning and perseverance to be able to follow further processes of change and create long-term job security

. Theability asan employee to draw and defend one's own boundariesin daily work (eg, refusing additional tasks) to remain able to work despite

. Theability to actively influence what can be influenced and accept what cannot be influenced to feel powerful despite the inevitability of certain

«  Theurgeto independently develop new solutions and explore alternatives and optimizations to expand one's sphere of influence

o  Computer skills—without them, employees will not be able to work in the digital pathology of the future

The competencies mentioned by several study participantswere
not just skills that could be acquired but fundamental attitudes
toward work and performance. These included the willingness
and capacity to aways do what is best for the patient, step out
of one€'s comfort zone, and aways be open to new
developments. That is, in the area of work content and work
task, anyone who internalized these skills and attitudes would
be suited to the digital future and wouldfit indigital pathology:

You have to love the job and get behind it. You have
tobethe“ type | alwayswanted to know everything,
so | kept going. | figured it all out on my own, and
then things came along. Because it was never my
thing to just do onething. And | wanted to know more.
[Administration staff perspective; field phase 3;
aggregated quotation]
Itisnoteworthy that the competencies needed in the future were
based on competenciesthat aready existed among the pathology
staff. Therefore, this may not be so much a redefinition of
competencies as a specification.

Subtheme 2.2: Turning Slower Technological Progress
Into a Chanceto Create Connections

The pathology department created anew network of connections
through the implementation of new technology but also through
the creation of new forms of team communication. This was
not initially planned. It was rather the result of the slow pace
of technological change. Contrary to expectations of a rapid
digital transformation process, the transformation occurred
gradually as part of a continuous exploration and adaption.
While technological questions had been the initial focus of
digital transformation, the focus was now shifted toward the
staff. The digital transformation core team used the time
“gained” to add a bottom-up decision-making culture to the
existing hierarchical culture that is typical of health care. The
new workflow was developed in part with al theteamsinvolved.
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Employee feedback was incorporated into the technical
implementation. Because of the QM requirements and the goal
to be accredited as digital pathology, the digital transformation
core team took the time to thoroughly test the workflow
elements and optimize the human-machine interactions where
possible:

For the practical implementation, it is necessary to
really go into the individual teams. What are the
implications? What are the details?
Immunohistochemistry, for example, isvery important
because it is a pioneer in driving digital
transformation in our department. We don’t say:
Here swhat we're going to do. Instead, we ask: Okay,
what are the specific problems? And that isimportant.
In other words, one thing is the initial decision: We
are going to go thisway. But the other thing is: How
do we implement it? And then you really have to
involve every team and listen to people, because
otherwise it won't work. [Pathologist and decision
maker perspective; field phase 2; aggregated
quotation]
In particular, the human-to-human interactions benefited from
the slower pace of technological progress. For example, the
multidisciplinary digital transformation core team acted not
only asadriver of change but aso asabridgeto pathology staff.
The coreteam tried to consider the needs of employees affected
by digital transformation, conducted staff training, and was
always available to help with technical issues. Supervisorsalso
had timeto refinetheir leadership rolein digital transformation,
such as helping their teams adapt to the new process.

Especially the teams that are understaffed are very
concerned that people will have to do extra work as
part of digital transformation. That's why we in the
digital transformation core teamtry to communicate
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as much as possible and try to buffer as much as
possible in advance. And if there are problems, it is
clear that people can always come to us. Our
immunohistochemistry teamin particular isvery much
involved in the technical side. They are all very
involved. We are in direct contact with the people
who will be using the new technology. So, | thinkit's
easy to exchange ideas with each other and the core
team at virtually any time. [Pathologist and decision
maker perspective; field phase 2; aggregated quote]
Asaresult, the social relationships within the department were
strengthened, which often acted as a “glue’ in digita
transformation. Employees told us that they held together as a
team despite high levels of stress. Social relationships that had
already been an important psychosocia resource in this
pathol ogy department were now expanded. However, the strong
socia relationships here were not characterized by constant
harmony. Therewere a so many conflictsand tensionsin genera
and with regard to digital transformation in particular. For
example, some older employees who were close to retirement
decided not to participate in the change process.

Patient cases, glassslidesand digital dides, diagnoses, and work
tasks were increasingly connected. This is where technology
began to play an important role, integrating and systematizing
relevant data, work tasks, and actorsin acentral location. Similar
to a central nervous system [44], the laboratory information
system brought all the data together in one place, creating
access, transparency, and oversight for each actor involved in
the pathology department. For example, each glass slide could
now be tracked because it now had a label with a barcode.
Scanning the barcode led directly to the case in the |aboratory
information system. In this way, the new digital system acted
as an important human-technology-human link, refining the
various interactions that took place during the pathology
workflow.

An administrative staff member described how the various
workstations and actorsinvolved in processing a patient’stissue
samples were mapped and linked in the laboratory information
system:

Employee: So now you can see, here, the biopsy gets
a number. Then it's in this number range. [typing]
Then we have it in our hands for the first time,
because we have to record it. Then we get it in our
hands again, because then we can write the
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macroscopy in here. And then it comes back to us for
the microscopy.

Interviewer: So, it's about complementing every step
of the workflow that goes on in the lab.

Employee: From the lab to us, from us to the lab,

fromthe lab to the pathologist. Wait, no, thereisalso

the pathologist in between, right, for the macroscopy.

And the zipper always hasto fit. [Administration staff

perspective; field phase 3; aggregated quotation]
However, despite al the communication efforts, some
employees dtill felt that they were not sufficiently informed.
For example, there were repeated instances of new equipment
being set up unannounced during routine work, which laboratory
techniciansfound very stressful. Some employeesdid not know
exactly what the current status of digital transformation was.
In addition, although the digital transformation core team did
everything it could to achieve the best possible compromise,
digital transformation was hindered by external influences.

Subtheme 2.3: Hybridity as the I nevitable Outcome

The pathol ogy staff wasforced to cometo termswith hybridity.
It had to accept that a fully digitalized pathology workflow
could not yet be realized as planned.

In the course of our observations, we noticed that afunctioning
system of multiple hybridities had been established in this
pathol ogy department. One example of the hybridity of analogue
and digital or technology-based work was that paper remained
part of the workflow. Incoming order forms were still paper
based. In addition, in times of high workload and time pressure,
complex documents such as QM documents and to-do listswere
till printed and processed on paper. Certain QM documents
still required handwritten signatures. In some cases, the need
for a hybrid analogue-digital process created additional work,
such as scanning the order form and transferring it to the
laboratory information system. However, in some cases, there
were advantages, such as the fact that paper allowed for better
concentration.

Hybridity also increased at the human-machine interface.
Analogue sectioning, for example, was performed by human
pathology staff at the microtome. Now, this task was combined
with digital work via computer screens mounted next to the
microtome or on the slide printer (Figures 3-5). The computer
screen acted as an interface between the human operator and
the machine or digital system.
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Figure 3. Water bath with display for case information on the |eft side of the microtome.
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Figure 4. Slide printer on the right side of the microtome.
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Figure 5. Workstation for manual sectioning of paraffin blocks with microtome.
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An example of the hybridity of individualized and standardized can still be done and don’t bring the whole process
work stepsisthedigital structured reporting system. Allowing to a halt. If | have a digital mask form where data is
for free-text fieldsin addition to standardized fixed data fields entered, | always have to have enough free text fields
served as a change strategy to “take team members along” in where | can till be flexible about things that don’t
the digital transformation as it alowed employees to take fitinto theinput mask, but that need to be documented
individual pathsin addition to the standard process: so that that information doesn’t get lost. It always

hasto be a hybrid of the two. So, when you set up new
processes as a supervisor, you should allow people
to have some individuality, which in turn makes them

It's important to give people workarounds. There
haveto be“ underwater pipelines’ so that thingsthat
aren’'t currently mapped into the system and don’t fit
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more willing to cooperate and accept the pre-defined

things. They need to fedl that their individuality still

has a place here. [Pathologist and decision maker

perspective; field phase 2; aggregated quotation]
Although the goal was to achieve a fully digital pathology
workflow, the reality was that digital transformation in
pathology till could not be applied to every work task.
Generally, certain work tasks in pathology will always remain
analogue, such as tissue sample processing. Therefore, the
pathology workflow (Multimedia Appendix 1) remainsahybrid
even after digital transformation. However, it also became clear
that aradical change to a digital workflow in a system where
complex work processes already existed, where routine work
had to continue under difficult conditions, was a fantasy. Even
though the digital transformation project had not yet reached
the point where digital slides were part of routine work by the
third field phase of our research project, it became clear that
digital transformation would never become the perfect work
environment that it was supposed to be. Compromises had to
be made to get people on board, such as the free-text fields. In
the end, people had to fill in the gaps between the different
systems, and they had to step in when the scanner was not
working.

Results From the M ember-Checking Wor kshops

Overdl, the feedback from the pathology staff at the
member-checking workshops resonated with the research team'’s
findings. In the final workshop, several employees and
supervisors even reported that they found the situation much
more stressful than how the research team had portrayed it in
their themes. The concept of “fit” or “nonfit” developed by the
research team was particularly well received. Thefeedback was
that, if it fit, it was because of the people in that department. A
member of the digital transformation core team said the
following:

The system is the reason for the mismatch, not the
people. The people in pathology have to make the
technology fit, because the people out there [the
devel opers of the technology] don’t.

However, he concluded, this also meansthat, right now, humans
are helping the machines, not the other way around.

One laboratory supervisor said that the staffing situation was
currently perceived as a much greater factor of work-related
stress because, in addition to understaffing, a generational
change was taking place. Although it was perceived that it was
much easier to train new staff membersin the new process, this
also meant that new staff members were unfamiliar with the
“old” analogue pathology workflow and lacked important
background knowledge. In the new workflow, for example, it
was only necessary to “push a button” to initiate the staining
process for a case. However, in situations in which the
technology would not work (eg, if the equipment failed after
an emergency power test), only the experienced laboratory staff
members on the team would still know the anal ogue processes.
One digital transformation core team member pointed out the
following:

We still need people who know what they're doing.
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One laboratory technician worried that the background
knowledge “behind the button” would be lost. Another
laboratory supervisor confirmed the following:

It's a challenge. How do we keep old knowledge up
to date that is still needed? If | only have the old
knowledge in theory, | may not be able to put it into
practice when | need it.

As aresult, the skills of pathology staff will actually need to
expand because of digital transformation—in the future, it will
be necessary to master both the “new” and the “old.”

What continued to motivate the pathology staff was the belief
that digital pathology would eventually savetime and personnel
resources. One physician said the following:

But this will affect the physicians more than the
laboratory technicians.

A laboratory technician remarked the following:

Technologizing is nothing new to us. We would be
wrong in our profession if we had a problem with
constant technological innovation.

A member of the digital transformation core team pointed out
the following:

We promised: Everything will befine. What motivates
us now is the ambition to keep that promise and to
correct the human-machine relationship: The human
does not run for the machine, but the human has
power over the machine.

Discussion

The Patchwork of Digital Transformations

In the ethnographic study presented in this paper, we followed
apathology department in Germany through parts of its digital
transformation process from the perspective of occupational
health research. Digita transformation remained a process in
themaking and did not deliver on the promise of increased work
efficiency and reduced workload. Overall, the cost of
implementing digital pathology was high, not only in terms of
new hardware and software equipment but also in terms of time
and personnel resources[1,10,13].

Carrying out and enduring digital transformation in the
pathology department under study wasadaily and rocky practice
with the hope for better working conditions. Many essential
decisions were made by other experts, such as the IT,
administration, and hospital management areas, who had limited
understanding of the practical implications [45]. For pathology
staff, carrying out digital transformation was characterized by
managing high workloads, coping with unmet needs, waiting
for the technology to be delivered, and compensating for the
lack of interoperability between technologies. The fact that old
and new technologies did not fit together and had to be bridged
by the pathol ogy staff led to the emergence of illegitimate tasks
[46]. Even with an advanced digital transformation process,
challenges remained for pathology staff in daily work, such as
the quality of digital dides[1].
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While streamlining aworkflow was at the center of the process,
our results showed that the transformation process itself was
fragmented. The process expanded over severa years and
remained a process in the making throughout our study.
Breaking down a.complex processinto its details, such aswork
tasks and work environment, showed that digital transformation
is not an all-encompassing transformation as hybridity of
analogue and digital work and the coexistence of
noninteroperable technologies is at the essence of the process,
not just a transitional state. Carboni et a [21] point to the
parallelism of 2 processes in the pathologists diagnosis as
analogue diagnosis does not (completely) disappear. In our
study, we could also see the necessity of accepting and
integrating hybridity and parallelismsfor other workstationsin
the pathology work process and, thus, complement the picture
from the perspective of laboratory technicians and QM and
administration staff, among others.

Simultaneously, while technology wastheinitial focus of digital
transformation in the pathology department, the actua
transformation ran deeper with regard to the social relationships
and the organizational culture. Digital transformation multiplied
in the sense that the assessment and definition of digital
transformation can vary considerably depending onthejobrole,
the level of influence, the level of work-related stress, and the
point in time of the process. Therefore, while some of the
pathol ogy staff members and supervisors maintained an overall
positive attitude toward the process, others devel oped more and
more an attitude of pragmatic acceptance, which was
accompanied by lowering expectations regarding the outcome
of digital transformation and, thus, demystifying thebig promise.

Strengths and Limitations

This study focused on psychosocia aspects in the context of
occupational health. In many other studies, thefocusliesonthe
technical aspects of thetransformation [13,15,16]. Occupational
health—related aspects are rarely mentioned or are not fully
captured. For example, the fact that pathology staff are
overwhelmed by digital transformation [3] is addressed but not
captured as an occupational health concept. As a result, there
is alack of consideration of the connection between working
conditions and digital transformation.

What makes our study distinctive isthat we looked at an entire
pathol ogy team undergoing digital transformation, focusing on
the experiences of health care workersin different roles during
and with digital transformation. This sets us apart from many
other studies that, for example, have focused exclusively or
primarily on pathologists[10,11,15,18,19]. In addition, wewere
involved in the process “live” over time, whereas other studies
have examined transformation processes retrospectively or with
a focus on the outcome [10,11]. In addition, we took an
ethnographic approach and looked at the concrete work and,
thus, the concrete “ doing” of digital transformation in the daily
lives of pathology staff. Thisapproach and al these components
allowed us to observe multiplicities.

On the other hand, the definition of the field phases and the
strong focus on “events’ such as the arrival of the scanners
sometimes hindered the research process. Thus, during delays
in the delivery of the core technology (arrival of the scanners),
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the research team became cowaiters [47]. An alternative
approach would have been to follow the department
continuously, for example, by visiting them once a month.
However, the ability to reflect and partialy adjust the research
focus demonstrated the strength of the chosen method.
Ethnography consistently follows the rea-life situation,
whatever it may be. This makes it suitable for studying
unpredictable and complex change processes such as digital
transformation.

Promissory Rhetoric and the Reality of Work-Related
Demands and Resour ces

Our findings add to those of other studies that address the
expectations of digital transformation that are shaped and driven
by a“ promissory rhetoric” [8], in which current pressing issues
(such as staff shortages) are promised to be solved once the
processis complete[8,48]. Kustaet al [48] have shown that the
promise of digital transformation serves political and strategic
purposes, whereas the reality of those carrying out digital
transformation in their daily practice does not live up to this
promise. Our results emphasize that the process of digital
transformation comes at the expense of people in their daily
work. According to the dimensions defined for the
“Consideration of psychosocial factors in risk assessment” of
the GDA [30], work-related stressin this pathol ogy department
occurred mainly in the area of work organization (working time,
work intensity, disruptions and interruptions, and
communication and cooperation) and in the area of work content
and work tasks (completeness of tasks, job control, and
information). In the area of working environment, work-related
stressors related to noise (eg, caused by the staining machines),
and physical factors (eg, having to walk between machinesand
work tasks in the early shift). Workplace design, information
design, and work equipment also played arole.

Inthe pathol ogy department under study, digital transformation
created incomplete and messy technologies that sometimes
fulfilled the promise of streamlined and efficient workflows
and sometimes did not. Rather, digital transformation drew
additional attention to underlying issues such as preexisting
staff shortages that shaped the implementation process. The
aready existing nonfit faced by pathology staff aso
characterized the digita transformation process—doing
demanding work but without sufficient resources and
implementing new technol ogies that require standardization of
work processes, whereas the reality of work was influenced by
constant effortsto compensate for staff shortages and technology
failures. Although theideawasthat digita transformation would
streamline the work process and make work more efficient, the
pathology staff had to constantly find creative workarounds to
make digital transformation work, such as the IT project
manager supporting the laboratory technicians on the first
laboratory shift because the new slide scanner was not working
as expected. The pathology team solved this by breaking new
ground on awork culture level and simply “making the best of
it” Thisincluded accepting that digital transformation was in
fact an open-ended hybrid process. From an occupational health
perspective, all of thisled to significant perceived psychological
stress [30] among pathology staff. A “normality of work
overload” became apparent in thisdepartment [49]. Our findings
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suggest that digital transformation may lead to an additional
burden for health care workers and may intensify aready
existing high job demands [50,51].

According to the demand-control model, high job demands can
be partially compensated by high job control, whereas high job
demands with low job control can have negative effects on
employees’ health [52,53]. The coexistence of digital
transformation and the unpredictably long wait for the next
steps led to a strain on the employees in the department under
study. In addition, the dependence on external stakeholderssuch
as the hospital’s IT department and external suppliers made
digital transformation a stressful experience. This is aso
reported in other studies [45]. The need of people to stay in
control—especially when experiencing technology to be
unreliable—led to the continuous coexistence of digital and
paper-based documentation because paper-based documentsin
some steps of the processwere perceived asmorereliable. This
has been reported in various health care settings [45,54]. We
observed that the pathol ogy staff managed to continue the rocky
digital transformation process by repeatedly regaining job
control using the waiting period to actively refine their
organizational culture and the competencies needed for future
digital pathology [55].

Conducting digital transformation in the pathology department
was characterized by a highly motivated attitude toward an
exhausting process as successfully achieved intermediate steps
repeatedly generated a sense of achievement and new hope—at
least for some of the pathology staff members involved. From
an occupational health perspective, it isinteresting to note that,
for some pathology staff members, the promise of technology
improving working conditions seemed to have been powerful
enough to make them accept additional work-related perceived
stress. Of course, health care workers are aready used to high
workloads and work-rel ated perceived stress, which may make
them particularly resilient to even higher levels of perceived
stress. Other members of the pathology department were more
motivated by the idea of “getting it done.” They seemed to let
go of the promise of a better workplace.

In addition, the digital transformation core team played an
important role in mitigating the work-related perceived stress
caused by digital transformation. Thisis similar to findings of
other studies that identified social relationships as a core
psychosocial resource for coping with work-related perceived
stress among health care workers [51,56] and studies on digital
transformation in pathology that emphasized the creation of a
multidisciplinary project team with not only technical skillsbut
also communication and change management skills [14,15].
The digital transformation core team identified and

Geidler et d

communicated the requirements in their teams, devel oped new
workflows, mediated between the core digita transformation
team and their own staff, and integrated new staff into the
renewed processes. In this way, they were trying to keep their
team fit for work—often at their own expense.

Implication for Practice

Perceived psychosocia stressduring digital transformation risks
driving even more employees out of the health care system
[51,57,58]. Practical implications to address these issues can
be considered at the macro, meso, and micro levels.

At the macro level (the health care system), the shortage of
health care workers is an important problem when it comesto
managing complex digital transformation processesover along
period in addition to routine work. Health care workers in
Germany aready experience alarming levels of work-related
perceived stress[51]. Despite high medical standards, Germany
hasalow number of pathol ogists compared to other high-income
countries [59]. This has implications for the practical
implementation of a digital transformation project at the meso
level (the hospital). Digital transformation should not come at
the expense of health careworkers. Therefore, before embarking
on adigital transformation process, working conditions should
be evaluated, and personnel resources should be adapted to the
needs of the transformation project—which is limited by the
underlying problem at the macro level. At the micro level (the
pathol ogy department), the consegquences of changing job roles
should be considered. For example, the job of laboratory
technician may become less attractive if it involves taking over
the extensive scanning tasks [60]. To help employees regain
job control, supervisors should enable their employees to hone
competencies[3] that preparethem for the transformation. Social
relationships should be strengthened as an important
work-related psychosocial resource to balance the high job
demandsin the health care sector in general [61] and of digital
transformation in particular [51]. Neverthel ess, the importance
of job control and social relationships as psychosocial factors
should not gloss over the fact that the most pressing sources of
health care workers' perceived work-related stress need to be
addressed at the macro level.

Conclusions

The necessary modernization of the health care systemisat risk
of taking place under inadequate working conditions. Protecting
the occupational health of the people who make digital
transformation possible should be at the heart of planning digital
transformation projects. For pathology, this is especialy
important in view of the next stage of digital transformation,
the implementation of Al [62-65].
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