
Original Paper

Revealing the Physician’s Task Conceptualization in Melanoma
Treatment: Qualitative User Experience Study

Eva Maria Hartmann1,2, MSc; Alisa Küper3, PhD; Jessica Swoboda4, MSc; Catharina Lena Beckmann2, Dr rer medic;

Georg Christian Lodde5, Dr med; Elisabeth Livingstone5, Prof Dr Med; Dirk Schadendorf5, Prof Dr Med; Sabine

Sachweh2, Dr rer nat
1Data Integration Center, Essen University Hospital, Essen, Germany
2Department of Computer Science, Dortmund University of Applied Sciences and Arts, Dortmund, Germany
3Department of Social Psychology: Media and Communication, University of Duisburg-Essen, Duisburg, Germany
4Institute for Artificial Intelligence in Medicine, Essen University Hospital, Essen, Germany
5Clinic for Dermatology, Essen University Hospital, Essen, Germany

Corresponding Author:
Eva Maria Hartmann, MSc
Data Integration Center
Essen University Hospital
Girardetstraße 2
Essen, 45147
Germany
Phone: 49 15201933426
Email: eva.hartmann2@uk-essen.de

Abstract

Background: To support physicians in focusing on relevant information during melanoma treatment, it is essential to design
information systems (ISs) that integrate into their workflow.

Objective: This study aimed to identify the work steps, knowledge sources, and key information during tumor board registration,
revealing the physician’s cognitive workflow and task conceptualization.

Methods: We applied the concurrent think-aloud method with 10 dermatologists from the University Hospital Essen’s skin
cancer unit, providing direct insights into their work. Participants had varying levels of experience, from a few weeks to over a
decade in the department, and differing levels of previous patient knowledge. Voice and screen recordings were transcribed and
inductively annotated across 3 categories: “work step,” “information in focus,” and “program used.” Furthermore, 4 annotators
from medical informatics and social psychology conducted the annotation process. These annotations were used to map the
workflow model via a sequence diagram, alongside a quantitative analysis of code occurrences and overlaps.

Results: Patient-related data in clinical IS are distributed across nested submodules, requiring physicians to extract key information
through extensive system interactions. The workflow consists of 4 distinct phases with 10 work steps, taking on average 13
minutes to complete. Physicians switched between 3 programs approximately 25 times, requiring a minimum of 16 interactions
to access essential information from the hospital IS. The analysis identified 7 fundamental pain points: time-intensive login and
patient selection (consuming 7% of workflow time), need for multiple system instances, data fragmentation across systems,
hierarchical information modularization, interface structures hindering simultaneous viewing, repetitive data insertion (27% of
time), and inappropriate input fields forcing external text editor use (28% of time). Collectively, approximately 55% of workflow
time was dedicated to system interactions and manual data compilation rather than clinical decision-making. Physicians frequently
copied information from various reports to compile a free-text case summary, representing an extensive workaround addressing
data fragmentation. External editing of the case summary was highly iterative, with an average of 3.5 repetitions. The workflow
phase “updating the knowledge” showed the greatest variety in step sequences, with physicians accessing radiology reports,
laboratory values, tumor board protocols, and progress documentation in varying orders.

Conclusions: These insights offer a deeper understanding of physicians’ intentions when handling medical information and
their challenges with current clinical IS. The workflow can be understood as a comprehensive workaround due to data distribution,
with physicians compensating through experience-based adaptations. This understanding of physicians’ task conceptualization
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forms the basis for designing software solutions that better support workflows at the point of care by organizing and presenting
relevant data more effectively.

(JMIR Cancer 2026;12:e79294) doi: 10.2196/79294
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Introduction

Medical information systems (ISs) are used in the clinical setting
to access patient files, document treatment, and support
decision-making processes. Depending on the specific discipline,
specialized ISs such as the radiology IS or the laboratory IS are
available. These systems document field-specific data that may
not be appropriately captured by the standard hospital
information system (HIS). Despite the increased usage of
medical IS in the European Union [1], many medical personnel
express a desire to abandon their use due to a range of usability
issues [2,3]. The rigidity of HIS and clinical decision support
systems (CDSSs) has been identified as a significant issue,
hindering workflows when dealing with nonroutine processes
[4] and forcing users to adjust their routine [5]. Furthermore,
the increased time required for documentation and information
gathering represents another factor contributing to the rejection
of these systems [5]. Additionally, the high mental load caused
by poorly designed systems [5,6], which results in stress [7]
and burnout [8,9], is a significant concern. Many applications
are not sufficiently adapted to the specific use cases they are
intended to support due to a lack of user- and context-driven
design and implementation [10,11].

To address these issues, our project incorporated a thorough
workflow analysis into the development process of a clinical
dashboard. This approach reveals the underlying contextual
interpretation of physicians at the point of care in a mental
model, thereby enabling the identification of the most
appropriate solution [11-14]. The term “mental model” was
introduced by Norman [15] to describe the understanding users’
conceptual approach to a task. It is essential to design systems
that align with actual work patterns rather than assumed ones.
Accordingly, it is essential to investigate context-related factors,
such as task complexity [3], diverse user preferences [14,16],
support of individual levels of work experience, and the
application adaptability in the specific use case [16]. To reveal
the workflow, the focus needs to be on the exploration of data
and functionalities [17]. Integrating these insights into a
comprehensive workflow model and using this as a starting
point for design and implementation allows for workflow
integrity of the software [3,18]. The uncovering of missing or
incomplete mental models can explain the rationale behind
workarounds, which evolve from workflow interruptions [19].
This enhances patient safety [13] as a result of the avoidance
of these workarounds and related errors [4,20]. Furthermore,
the integration into the workflow offers the potential for more
effective implementation of evidence-based treatment and
decision-making [5]. The presentation of relevant information
at the optimal time and in the most suitable format [11,21] also

serves to reduce repetitive and inefficient activities [11] and
thereby increase overall efficiency. The involvement of the user
in the development process encourages a positive perspective
toward IS, which, in turn, positively influences acceptance [14].

The context of treatment of patients with melanoma is
particularly appropriate for this analysis from 2 perspectives.
On one hand, it is estimated that melanoma will account for 5%
of new cancer cases in the United States in 2024, ranking it as
the fifth most common cancer in the country [22]. The 5-year
survival rate for melanoma is promising when diagnosed in
early stages (stage 1: 99%, stage 2: 85%, and stage 3: 75%)
[22-24]. In stage 4 settings, the correct tumor classification
comes into focus. Advanced diagnostics allow for personalized
treatment, which increases the likelihood of surviving for 5
years by 10% [25]. This underscores the importance of the
physician’s comprehensive and detailed knowledge of the
patient’s condition for early detection of melanoma and optimal
treatment. On the other hand, the treatment of patients with skin
tumors in Germany is conducted in specialized skin tumor
centers by dermatologists specializing in oncology. A single
team provides all stages of care: diagnosis, histopathology,
surgery, adjuvant and advanced treatment, and follow-up. This
approach allows for comprehensive, holistic care, as well as the
generation of insights that may be applicable to other tumor
types.

The objective of this project was to gain insight into the process
of treatment of patients with melanoma by examining the task
of gathering the relevant information and preparing patients’
documents for an interdisciplinary tumor board discussion from
a user-centered perspective. Consequently, an examination was
conducted of the work steps, the information that is the focus
in each step, and the data sources (programs) that are used. By
combining the insights into a workflow model, the relationships
between work steps, data, program interactions, and intents are
highlighted. The broad perspective enabled identification of
pain points in software interactions, decision-making criteria,
and the relationship between intents and relevant information
across all workflow steps.

Methods

Ethical Considerations
This study was approved by the Ethics Committee of the Faculty
of Engineering (approval 2111SPKA9493) of the University of
Duisburg-Essen. All procedures were performed in accordance
with the ethical standards of the institutional research committee,
the 1964 Helsinki Declaration, and its later amendments or
comparable ethical standards. All participants provided their
informed consent in written form for inclusion in the think-aloud
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(TA) method. Any information allowing patient identification
was removed from the recordings before the transcription
process. There was no compensation for participation.

Approach
This study aimed at gaining insights into the process of gathering
the relevant information and preparing patients’ documents for
an interdisciplinary tumor board discussion. Therefore, the TA
method was conducted with 10 physicians of varying levels of
expertise at the University Hospital Essen in Germany. The
group included resident physicians with a few weeks to several
years of experience, as well as senior physicians in the field of
dermatology. The transcripts of those sessions were inductively
annotated regarding their contained work steps, considered
information, and programs in use. The detailed code systems
can be accessed in the Excel sheet tab: “code systems” in
Multimedia Appendix 1. We did a cognitive task analysis to
reveal the underlying cognitive workflow and task
conceptualization, which resulted in a sequence diagram (SeqD)
that highlights the workflow. Additionally, we analyzed the
interactions with the programs used during the process to align
the work steps with the data prioritization and software
interactions.

TA Method
The TA method [26] is a widespread methodology [27-29] for
assessing the suitability of implementations or prototypes within
their intended context [27]. By asking users to express their
thoughts aloud concurrently (concurrent think-aloud [CTA]
method) while conducting a task, it is possible to gain valuable
insights into their cognitive approach and intentions in real time,
in contrast with retrospective TA where reflections are gathered
after task completion. As a method frequently used in iterative
development processes [28], this knowledge enables designers
and developers to create products that align with actual needs
rather than assumed ones [30]. The TA method is applicable to
any scenario [30] and can be conducted fruitfully with 8 to 12
participants [31].

Therefore, 10 physicians were recruited to participate in the
CTA method of this project by a senior physician. The
participants represented a range of experience, from a few weeks
to over a decade of work in the department, and had varying
levels of previous knowledge about the patient. They were
tasked with gathering the relevant information to prepare the
registration of a patient with advanced metastatic melanoma
for a fictitious interdisciplinary tumor board discussion. This
task was selected because it requires a broad range of
information and system interactions while remaining a routine
clinical activity. The task does not require additional support,
even for less experienced participants, making it an ideal
representative example of typical workflow patterns. The CTA
method was conducted in March 2022 during standard working
hours in a designated room with the same technical configuration
used for typical task performance. For task completion, they
had access to the same programs they use in everyday clinical
practice on a clinical workstation. By using real patient data
and limiting the timeframe for task completion to 15 minutes,
a real-world scenario was established. Each participant was
accompanied by 2 conductors. The 4 annotators brought

complementary expertise to the analysis: 3 researchers from
medical informatics (EMH, CLB, and JS) with experience in
clinical workflow analysis and health IT, and 1 researcher from
social psychology (AK) with expertise in qualitative research
methods. This interdisciplinary composition ensured both
clinical context awareness and methodological rigor. The
conductors were largely unfamiliar to participants to minimize
potential bias from preexisting relationships. The task and
conditions were communicated by 1 conductor, while the other
documented the process. During the task, conductors only
reminded participants to “think aloud,” meaning participants
had to articulate each step in finding and preparing the
information. Interactions with the software were captured along
with the mentioned thoughts by screen and voice recording.
The voices were anonymized through alteration and
transcription. Patient identifying information was removed from
the recordings. Afterwards, the transcripts were annotated
inductively regarding the accessed information, programs used,
and work steps conducted.

Annotation and Quantitative Analysis
Qualitative content analysis is a category-based method enabling
researchers to analyze qualitative data both qualitatively and
quantitatively [32]. It is the most commonly chosen method
[33] and allows for contextual inspection with a broad
perspective by comparing code occurrences and overlaps [34].
Furthermore, the view can be narrowed down to individual
statements to reveal intents and relationships [33]. Inductive
synthesis of the code system can be used to gain an
understanding of the wording used and to prevent researchers’
assumptions from influencing the results [35]. This is a
structured process in which codes are extracted from 10%-50%
of user phrases by exploring and summarizing key findings
related to a predefined aspect. The so-called paraphrases are
then termed and grouped into categories and subcategories to
form a code system that represents one aspect of the context.
The remaining texts are annotated using the initial system, which
can further be extended if new aspects occur [35].

In the initial step of paraphrasing, 3 of the 10 transcripts were
examined by 4 annotators (EMH, AK, CLB, and JS) from the
fields of medical informatics and psychology. In 2 independent
rounds of paraphrasing, the focus was on identifying the work
steps or the information accessed. The annotations were labeled
and grouped into separate, consistent catalogs with meaningful
granularity. Based on the generated systems, the remaining 7
transcripts were annotated by one of the annotators, and the
annotation catalog was extended where necessary. The system
extensions were curated through mutual agreement and
integrated into the existing annotation system. After a thorough
review, the physician confirmed that the erased synonyms and
optimized hierarchy were adequate.

The video footage of the screen recordings was used to examine
the structure of the programs and the transitions between them
during the workflow. This allowed for the transcripts to be
aligned with the usage of the programs. The incorporation of
annotations indicating the time span of program usage in the
transcripts enables simultaneous access from all 3 analytical
perspectives.
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To enhance the reliability of the accessed information
annotations, finally, each transcript was annotated a second time
by one of the same 4 annotators. Thereby, it was ensured that
the annotation phrases were used consistently among each
annotator, that they were chosen to be meaningful [36], and that
this resulted in an annotation catalog with consistent categories
and subcategories [37]. Based on this, we determined an overall
intercoder reliability of 70%. For detailed information on the
intercoder reliability of each item, please refer to the Excel sheet
tab “intercoder-reliability” in Multimedia Appendix 1.

To generate insights, the generated annotations were
qualitatively analyzed regarding their occurrences and overlaps
between the systems using MAXQDA (VERBI GmbH). The
objective was to identify associations between relevant
information and work steps. This was achieved by examining
the number of work steps, their occurrence, and the time spans
associated with them. These were then combined with the
overlaps with the information annotations. In the context of
program usage, the time spans were analyzed and combined
with the number of substeps required to reach a specific
document containing the information of interest.

SeqD
In the human mind, the world is conceptualized as an abstract
mental representation grounded in knowledge, interpretation,
imagination, and experiences [38-41]. In the domain of
human-computer interaction (HCI) research, these cognitive
structures are characterized as “mental models” [15].
Interactions with the surrounding world are based on these
models. Therefore, it is necessary to reveal these patterns
through the observation of workflow and interaction sequences
during software development [42]. This analysis facilitates the
comprehension of user interactions, task conceptualization [15],
and contextual knowledge [43]. However, as each individual
constructs their own mental model, these models differ for each
person and can even be contradictory, incomplete, or vary in
step sequence [15].

No definitive guideline is established for the exploration and
design of cognitive workflows [37]. Accordingly, the SeqD was
selected as the most appropriate representation for the context
of the tumor board preparation. As part of contextual design,
the SeqD [44] represents the sequence of steps that must be
completed to accomplish a task. The use of user phrases from
the transcripts to identify and define the work steps represents
an inductive approach to annotation. Furthermore, this approach
identifies the driving motivation behind actions and thereby
enables external observers not only to label the work steps but
also the underlying intent [44]. These insights facilitate
designing context-integrated solutions [44] and detecting
workflow interruptions that create barriers in task execution,
thus allowing for the identification of potential solutions [19].
One challenge inherent to workflow analysis is the potential of
missing or wrong task conceptualizations, which may arise from
untrained personnel or misinterpretations [45]. In implementing
this approach, the underlying information is made accessible
and interpretable, and the inclusion of intents allows for the
implementation of context-integrated solutions. The operational
mental model described in HCI [15,44] is captured, depicting

the relationship between work steps, information in focus, and
system interactions in a SeqD. It thereby enables the
implementation of context-integrated solutions that inherit
physicians’ actual cognitive workflows.

The SeqD was modeled based on the work steps identified
during the inductive annotation process. A deeper exploration
of the associated user statements was performed, which revealed
the underlying intents connected with the work steps through
thought-aloud clinical reasoning and context. To determine the
sequence of work steps, the sequence of annotations was
extracted and compared between the different transcripts. To
generate an average workflow, all sequence numbers of work
step occurrences were added and divided by their total number
of occurrences in all transcripts. This mean was calculated
because each participant used a unique sequence of work steps.
The resulting number was used to sort the work steps in
ascending order, with only 1 occurrence per work step.

Results

SeqD
The SeqD represents the typical workflow involved in preparing
a tumor board for a patient with melanoma. The average was
calculated by dividing the sum of the sequence numbers of each
workflow step occurrence by the total number of occurrences
(Table 1, column ranking). Accordingly, the SeqD incorporates
each work step on a single occasion, even though the majority
of these steps are repeated throughout the workflow. In order
to ensure the representativeness of the SeqD, only work steps
performed by at least 5 participants were included in the SeqD.

The average completion time was 13 minutes and 16 seconds.
The minimum completion time was 8 minutes and 19 seconds,
while the maximum was 14 minutes and 41 seconds. Despite
the variety in the approaches adopted by the participants to
complete the task, an underlying fundamental workflow
structure can be observed, as illustrated in the SeqD in Figure
1. This shared structural pattern, which reflects physicians’
common task conceptualization despite individual variations,
forms the basis for context-appropriate software design. Overall,
14 work steps were identified, 10 of which are conducted by at
least 5 participants and represented in the SeqD. These were
enriched with underlying intentions derived from the following
action in combination with the information in focus.

The process is initiated by entering the login credentials into
the HIS system, which approximately takes 20 seconds. To
reduce the time spent waiting, the majority of users
simultaneously open an external text editor in “preparation.”
The physicians then proceed to “examine the past” by accessing
the patient file and locating the most recent case summary. This
summary is then copied into the external text editor, read, and
used as a point of reference for an updated version. To evaluate
the current status, the physicians conduct a review of the case
knowledge by scanning for new diagnostic results. Accordingly,
they examine the radiology reports of the last tumor assessment
by computed tomography, magnetic resonance imaging, or
ultrasound, laboratory values, the latest tumor board protocols,
and the progress documentation. The insights gained are then
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iteratively integrated into the case summary by adding new
results and removing outdated information. The external editing
of the case summary represents a significant portion of the
overall process, accounting for approximately 28% of the total
time. It is a highly iterative step, with an average of 3.5
repetitions, making it one of the most essential substeps within
this workflow. The case summary is then copied into the tumor
board registration form. Structured information is added,
including the detailed TNM tumor classification and the

disciplines required for consultation at the interdisciplinary
tumor board. This step is executed by all participants and, with
27% of the total workflow time has a similar weight in the
process as the text editing. The phase “updating the knowledge”
has the greatest variety of work step sequences, as indicated by
the approximately equal ranking scores of the work steps
accessing primary reports. Especially, the steps of viewing
different diagnostic reports vary in sequence and combination
in different workflow approaches.

Table 1. Variables considered in the analysis of work steps (execution time [in seconds], total average over all participants, proportion to the complete
workflow, execution times dependent on whether it has been part of the user’s workflow, adapted proportion to the workflow, total number of users
executing the works step, total number of executions of each work step, average of work step executions per workflow, and ranking [sum of sequences
per occurrence divided by the total number of occurrences], which were used for the work step sequence in the sequence diagram.

Ranking se-
quence of
work steps -
sum se-
quences/ num-
ber occur-
rences

Work step
execution if
work step
was part of
user’s work-
flow, mean
(SD)

Total num-
ber - work
step execut-
ed by user

Total num-
ber - users
that execut-
ed work
step

% time for
work step of
total work-
flow time if
part of user’s
workflow

Time for
work step if
part of user’s
workflow in
minutes,
mean (SD)

% time for
work step of
total work-
flow time

Time execu-
tion of work
step in min-
utes, mean
(SD)

Workflow step

2.41.2 (0.6)1193%00:22.4
(00:52.5)

3%00:20.2
(00:50.4)

Login

4.31.5 (0.7)15104%00:27.5
(00:21.9)

4%00:27.5
(00:21.9)

Open patient files

5.71.1 (2.5)983%00:20.7
(00:12.6)

2%00:16.6
(00:14.0)

Search for last progress docu-
mentation

6.61.2 (0.4)764%00:27.8
(00:22.0)

2%00:16.7
(00:26.4)

View progress documentation
notes

7.01.0 (0.0)115%00:31.2
(00:00.0)

0%00:03.1
(00:09.4)

Check status of (expected)
procedures

7.01.0 (0.0)116%00:39.1
(00:00.0)

1%00:03.9
(00:11.7)

Internal processing of the case
summary

8.93.5 (1.3)28828%03:06.1
(01:27.4)

22%02:28.9
(01:38.1)

External editing of the case
summary

10.12.3 (1.1)21912%01:20.5
(01:10.7)

11%01:12.5
(01:13.6)

View primary findings

10.21.4 (0.7)1076%00:38.2
(00:40.5)

4%00:26.8
(00:41.9)

View tumor conference proto-
col

10.21.6 (0.9)1389%01:02.5
(00:42.2)

7%00:50.0
(00:45.2)

View progress documentation

12.51.0 (0.0)2219%02:08.9
(02:01.2)

4%00:25.8
(01:16.9)

Interruption

13.02.4 (1.5)241027%03:02.3
(01:21.3)

27%03:02.3
(01:21.3)

Fill out tumor board registra-
tion

13.61.4 (0.5)141011%01:16.1
(00:28.4)

11%01:16.1
(00:28.4)

Formulate question

22.01.0 (0.0)113%00:19.5
(00:00.0)

0%00:02.0
(00:05.8)

Review external knowledge
sources

The final phase of the tumor board preparation process is aimed
at establishing a follow-up care plan. By formulating the
question to be addressed in the tumor board, the most recent
principal findings of the tumor’s progression are summarized,
and potential treatment options are evaluated. Furthermore,
deeper insights from other disciplines into their diagnostic

results can be requested to gain a more comprehensive
understanding of the tumor status and treatment options.

After the workflow completion, tumor documenters use the
tumor board registration form to transform the unstructured free
text into structured data points by populating the fields in a
structured form. The structured data points are used to generate
a tumor board protocol that includes not only the summary but
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also the structured information. However, as the physicians are
unable to access the structured information in the HIS, there is
currently no benefit derived from this data transformation. This
results in the workflow described here of iteratively rewriting
the case summary rather than directly extracting the information
from primary sources. In essence, the workflow can be

understood as a single, extensive workaround due to the
distribution of important information, resulting in a free-text
summary of the patients’status documented as a progress report.
The section “Programs Used and Collection of Information”
provides a more detailed examination of the challenges
associated with gathering data from the ISs.

Figure 1. The sequence diagram depicts the 4 phases (white boxes) and the associated work steps (lilac bars) involved in preparing for the tumor board
meeting. Additionally, it illustrates the subwork steps (blue rectangles), and underlying intents (orange ovals=sub-steps and yellow ovals=work step)
associated with this process. The black bars illustrate parallel execution of the working steps.
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To enhance the reliability and validity of the constructed
workflow model, 2 experienced physicians from the department
critically reviewed and validated the work steps, their sequence,
and associated intentions depicted in the SeqD. The model was
approved in its final form with only minor terminological
refinements.

Work Step and Data
In parallel with the execution of the work steps, the information
in focus was annotated inductively. By examining the areas of
overlap between the 2 annotation categories, the connections
between them were revealed. Figure 2 illustrates these overlaps,
highlighting the work steps in the inner circle combined with
the relevant information in the outer circle. The size of the
fragments is reflective of the number of identified overlaps. For
the sake of clarity and focus, associations with fewer than 5
overlaps have been excluded from the graphic. For detailed
information on the interplay of program usage and information
access per workflow step, refer to the Excel sheet tab: “work
steps” in Multimedia Appendix 1.

During the “updating knowledge” phase, several data sources
were addressed. Most time was spent reviewing primary reports,

which focused on radiology staging reports, including magnetic
resonance imaging and computed tomography results. Review
of progress notes and progress reports focused on options
discussed with the patient, ongoing treatment, and associated
side effects. Previous tumor board protocols were used to
compare whether the treatment was in line with the last result
and treatment suggestions.

As highlighted in section “SeqD” under “Results,” the “external
editing of the case summary” and “completion of the tumor
board registration” are the central steps in the process. Not only
do these steps take the longest amount of time, but they also
require the most information to be in focus. When updating the
case summary, the information collected, such as staging results
and treatment progress, was interwoven. In addition, the
diagnosis and documented infusions came into focus.

When using these findings to “fill out the tumor board
registration,” the focus shifted to the diagnosis and especially
the classification of the tumor. In addition, therapies and the
decision on external disciplines to be consulted during the tumor
board were identified as relevant. When planning the
formulation of the question, the focus was on the therapies
already applied and the overall clinical stage of the tumor.

Figure 2. The work steps, which are located within the inner circle, are accompanied by the associated information, which is presented in the outer
circle. Additionally, the number of code-overlaps in the transcripts is indicated by the numbers within the outer circle. Only those overlaps occurring
in transcripts at least 5 times are included. CT: computed tomography; MRI: magnetic resonance imaging and computed tomography.
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Programs Used and Collection of Information
The study was conducted in a real-world setting, including the
usage of the standard programs during the process of registration
of a patient with melanoma for the tumor board. As a result, it
was possible to gain insights into the programs in use and their
purpose of usage. This revealed that the information in the
medical IS was distributed across different reports, was
unstructured, and needed to be accessed sequentially to gain an
overview of the complete patient’s status. The use of overlays
hindered the viewing of information simultaneously, resulting
in the need for multiple instances of the HIS to allow for easier
switching of information sources.

On average, participants accessed 5 distinct programs or
submodules within the HIS, not including cases where multiple
instances were used. The range of variance in the number of
programs used is between 4 and 7. Excluding the submodules,
the average was 3 programs, with 1 in the minimum and 4 in

the maximum. This usage of multiple programs resulted in 25.3
switches between programs, with a variance of 14 in the
minimum and 34 in the maximum. This again highlights the
distribution of data and iterative approach in summarizing the
patient’s status. Figure 3 lists how many participants used each
program, the average time spent using it, and its proportion to
the whole workflow. It can be revealed that the HIS was used
by 90% (9/10) of the participants as the only information source,
while 1 participant also used the radiology IS and laboratory
IS. The main time was spent using the workspace, a submodule
of the HIS, where the diagnostic reports can be accessed. This
correlated with the work steps referring to viewing results of
different kinds. The gathered information was transferred to
their own case summary, for which 90% (9/10) of the
participants used an external text editor. Entering the data into
the tumor board registration still takes about 20% of the total
time, even though the case summary was (mostly) already
written in the external tool.

Figure 3. The proportion of program usage (purple) in the process of tumor board preparation for a melanoma patient is presented alongside its proportion
of the total time required to complete the task (orange). HIS: hospital information system; LIS: laboratory information system; RIS: radiology information
system.

Table 2 correlates the programs and submodules with the
accessed documents and indicates the number of interactions
with the program required to access those. At the initial stage
of the workflow, the physician must complete 3 steps to log in
and 9 steps to select a patient file. As previously described,
multiple instances of the HIS, using either the same or different
submodules, were accessed. Examining each instance, the
participants were required to complete all 9 steps of patient
identification. Therefore, the table lists the number of steps
required at the beginning of the workflow and after selecting a

patient file. This overview demonstrates that a minimum of 16
interactions are required to access essential information from
the HIS, with a minimum of 2 additional interactions necessary
to access further information when the patient file is already
open.

The study revealed the users’ task conceptualization regarding
the work steps performed, programs used, and data accessed
through combining a SeqD with qualitative analysis of the
annotations. This demonstrates that the workflow is significantly
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influenced by the distribution of data. A considerably large
amount of time is invested in system interactions rather than
information interpretation, as evidenced by the interaction steps
required to access each information. The creation of a case

summary is an effective method for summarizing this distributed
information. It provides an overview of the patient’s status and
serves as a foundation for further discussions regarding the
patient’s treatment plan in the tumor board.

Table 2. List of the accessed documents during the process of tumor board registration of a melanoma patient, along with the used program or submodule
and the number of substeps required to access each document from the initial starting point. The final column indicates the number of steps needed to
access the document if the patient file was selected and opened beforehand.

Steps to open from patient fileSteps to open from startSourceDocument

66Own case summary • External text editor

316Laboratory values • LISa

217Laboratory values • HISb>workspace

5-621-23Diagnostic reports • HIS>workspace

319-20Progress documentation • HIS>workspace
• HIS>ambulatory view

217Appointments • HIS>ambulatory view

420Scanned documents • HIS>Workspace
• HIS>ambulatory view

420Skin images • HIS>workspace
• HIS>ambulatory view

319-21Infusion protocols • HIS>workspace

4-521-22Tumor board protocols • HIS>patient file

420Radiology reports • HIS>patient file
• HIS>workspace

722Tumor board registration • HIS>ambulatory view

4+4+Publications • Internet (browser)

5+5+Standard operating procedures • Intranet (browser)

5+5+Dosing scheme • Intranet (browser)

5+5+Call list • Intranet (browser)

aLIS: laboratory information system.
bHIS: hospital information system.

Pain Points
A synthesis of the aforementioned results reveals seven
fundamental pain points in the HIS interaction, which hinder
workflow efficiency: (1) time- and step-intensive login and
patient selection, (2) multiple instances to reach data end points
simultaneously, (3) fragmentation of data across systems, (4)
hierarchical modularization of information sources, (5) user
interface structure hindering view, (6) repetitive data insertion,
and (7) inappropriate input fields.

At the initiation of the workflow, the login process requires 3
steps and approximately 20 seconds of waiting time before a
patient can be selected in 9 steps. These 12 steps consume

approximately 7% of the total time frame, despite not
substantially enhancing task completion. To allow simultaneous
access to different information modules and the tumor
registration form, some physicians use multiple instances, which
again require patient selection. Due to the use of disparate
specialized IS by various departments, information is fragmented
across a range of systems. Given their lack of interconnection,
these systems can produce inconsistent data due to variations
in data curation methodologies. The processes of copying,
pasting, and logging in to each system must be repeated,
resulting in a need for increased operational complexity.
Additionally, the information contained within an IS is organized
into a module-like hierarchy. This frequently generates new
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tabs and windows, necessitating numerous system interactions
to navigate between information: 2 to 7 interactions if the patient
has been selected, or 16 to 23 when starting with the login
process. These windows and tabs also often hinder the
simultaneous view of information. Furthermore, switching
between these modules requires time and interactions, forcing
users to maintain awareness of the various windows and tabs
that have been opened. This circumstance leads to an average
of 25.3 program switches. The data fragmentation and its
predominantly unstructured nature induce repetitive data
insertion into different programs. The process of copying and
pasting, accounting for approximately 27% of the total task
completion time, is the only method that allows users to center
all necessary information on the tumor board registration form.
In addition to fragmentation across windows, inappropriate field
sizing, and absent text editing features compel the use of external
text editors to curate the summary. As this text editing step
accounts for approximately 28% of total task completion time,
developing an appropriate user interface design for this step is
critically important. An effective incorporation of this feature
could lead to a significant reduction in the number of program
switches required, thereby enhancing the efficiency of the
overall process.

Discussion

Principal Findings
This study aimed to reveal the task conceptualization of
physicians preparing patients with melanoma for tumor board
discussion by identifying their work steps, information priorities,
and data sources used. Our findings demonstrate that the
workflow consists of 4 phases with 10 work steps, requiring
approximately 13 minutes and an average of 25 program
switches to complete. The analysis revealed 7 fundamental pain
points, including time-intensive login and patient selection,
need for multiple system instances, data fragmentation across
systems, and hierarchical information modularization.
Additionally, interface structures hinder simultaneous viewing,
repetitive data insertion, and inappropriate input fields.
Collectively, these pain points result in approximately 55% of
workflow time being dedicated to system interactions and
manual data compilation rather than clinical decision-making.
Patient data distributed across nested submodules necessitated
physicians to manually extract and compile information into a
free-text case summary using external editors. This workflow
represents an extensive workaround addressing data
fragmentation.

Our work provides a comprehensive overview of the physicians’
cognitive workflow through simultaneous examination of work
steps, programs used, and information in focus. This approach
aligns with established HCI methodology for revealing “mental
models” [15,44] by displaying users’operational understanding
of task execution within systems. While individual physicians
demonstrated variations in step sequences, the underlying task
conceptualization remained consistent. This shared cognitive
approach underlies context-integrated software design,
facilitating accommodation of individual variation while
ensuring adherence to common workflow logic. To the best of

our knowledge, no other study has provided such an integrated
perspective on these 3 aspects of the medical treatment process,
offering actionable insights for designing clinical IS that better
support workflows at the point of care.

Other literature emphasizes the significance of cognitive task
analysis as a common methodology for investigating the domain
and usage of technology in order to develop a mental model of
a context. Nevertheless, it is evident that the majority of projects
do not incorporate direct user involvement [46].

As a positive example, Kilsdonk et al [47] used the TA method
in combination with a systematic literature review to design a
CDSS. Their work was based on insights into the users’ mental
model in the context of CDSS usage in the follow-up of
childhood cancer survivors. In contrast to our work, their focus
was on cognitive information processing patterns rather than
revealing the complete workflow and IS interactions [48]. The
information processing revealed during the follow-up period
indicates a comparable data focus to that observed in melanoma
care. The “inclusion criteria” for further decisions, namely the
cancer diagnosis and treatment, are reflected in the formulation
of the question, with a particular focus on tumor classification
and treatment status. In contrast, the radiological staging, which
is a “screening procedure,” is the focus of the case summary
update for tumor board preparation rather than the potential
result of the decision. These differences can be explained by
the different stages of tumor treatment, as our focus was on a
process to adjust treatment, while the aforementioned study
refers to follow-up decisions. Overall, the same information is
the primary focus in both processes, although interpreted in an
alternating manner during decision-making in the distinct
contexts.

Having a focus on the interactions with medical IS, Saitwal et
al [6] conducted cognitive task analysis using the methodology
of “goals, operators, methods, and section” rules [49] in
combination with the keystroke level model [50]. They evaluated
their application “AHLTA” (Armed Forces Health Longitudinal
Technology Application) for the completion of 14 tasks [6].
With this approach, it is possible to break down work steps into
their smallest substeps by applying “goals, operators, methods,
and section” rules and estimate the cognitive load and time
needed to complete a task based on execution times defined by
the keystroke level model. Zayim et al [48] used a similar
methodological approach but conducted further reflection on
the changes observed in gesture-based app control in comparison
with conventional control methods for the completion of 10
tasks on their mobile app. As we had direct insight into the
interactions with the programs, we were able to extract average
times directly from the real-world setting. The findings of our
study indicate that a considerable amount of time and effort is
required to obtain the information necessary to fulfill the specific
task. These interactions are characterized by a high proportion
of mental operators, with nearly every step involving cognitive
processes, such as identifying and scanning for the correct menu
option and relevant information. This excludes the actual
decision-making and summary processes. In comparison with
the 2 studies mentioned beforehand, which identified about 50%
[6] and 73% [48] of mental operators, the cognitive load
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associated with the IS interactions can be interpreted as being
particularly high.

In their study, Barber et al [19] used a knowledge audit [51] for
cognitive task analysis, thereby uncovering the mental model
of physicians and nurses in the context of cirrhosis care. The
goal was to examine the impact of workflow on the mental
model. The study demonstrated that discontinuity and barriers
are reflected in the identified models. In our own work, we have
found that the distribution of necessary information and its
availability, typically in free text, has led to the need to align
all information in a central case summary.

Pluyter et al [52] demonstrated the significance of a
context-specific design of CDSS, enabling physicians to
establish a shared mental model when treating patients with
lung cancer, thereby optimizing treatment selection. The
integration of context into the decision-making process has been
shown to enhance decision confidence and quality. This
improvement is attributed to the enhanced and more precise
understanding of the case. In the context of our research, the
observed variations in tumor board registration preparation
reflect individual approaches while maintaining a shared
underlying task structure, as previously indicated [19]. The
workflow model conceptualized in this study can be integrated
into software development processes, ensuring the
synchronization of mental models independent of work
experience or previous case knowledge.

The findings of this study imply 2 main aspects. On the one
hand, it revealed the pain points that physicians experience
when interacting with the IS, and on the other hand, the
advantages and insights that were gained by exploring the
workflow of a context in detail. A thorough exploration of the
context helped identify usability issues in the system in use and
showed how small decisions in development, such as menu
structures, can cause large practical problems.

The inefficiencies and data fragmentation that have been
identified present significant challenges; however, patient care
continues to function through physicians’ adaptation and
development of workarounds. However, it is important to note
that “functional” does not necessarily equate to “optimal.” The
current system remains operational, but it incurs a considerable
cost: approximately 55% of workflow time is dedicated to
system interactions rather than clinical reasoning. This could
be a contributing factor to cognitive load [5,6] and potentially
burnout [8,9] as revealed in other studies. In order to compensate
for system deficiencies, physicians have been known to use
experience-based workarounds, such as maintaining parallel
documentation in external editors and memorizing navigation
paths through nested modules. While these adaptations are
indeed effective in maintaining care delivery, they represent
accepted trade-offs that normalize inefficiency and obscure the
true potential for improvement. The deep insight into the
workflow made it clear that a well−thought-out interaction
design is required, considering the relationship between the task
at hand and the information in focus.

Further research needs to address how this information can be
visualized other than in menu structures to allow for the best
contextual integration and adaptation to different work steps

[53-55]. The quality of these integrations should be monitored
by continuous user feedback to ensure that the application allows
clinicians to focus on the patient’s information rather than on
system structure and interactions [10].

Limitations of this study are questions that may arise regarding
the transferability of the findings. Given that the workflow
represents a comprehensive workaround addressing data
distribution, it is important to consider how other hospitals have
addressed this challenge and how the process might differ
without such data distribution. While the insights into workflow
steps and programs primarily address common IS interaction
issues, the information in focus is transferable. Treatment
standardization through guidelines and standard operating
procedures, combined with similar findings in related studies
[47], supports this transferability. This also indicates the
transferability of the results to other disciplines. In particular,
the approach and information revealed in this study will be
highly applicable to the preparation of tumor boards for other
cancer entities. The same information will also be relevant for
other tasks related to cancer treatment. For disciplines not related
to cancer, the pain points revealed in this study will also be
transferable, highlighting issues to be avoided in IS
development.

A further limitation of the study is its qualitative nature, which
was conducted at a single hospital with a limited sample size
of 10 participants. As a result, no significant differences were
observed in task completion time or work step sequences
between participants with varying levels of working experience,
gender, or previous case knowledge. However, this absence of
observable differences may be attributable to the constrained
sample size that is inherent to qualitative research designs. The
methodology was designed to capture workflow patterns and
time allocation, rather than to systematically measure
dimensions such as cognitive load, error rates, or interruptions.
The use of different methodological approaches and larger
sample sizes would be required to yield meaningful quantitative
insights in these cases. While the findings indicate significant
system interactions (55% of workflow time) and elevated
operator demands, the formal measurement of these phenomena
using validated instruments was not within the scope of this
study. Subsequent multicenter investigations with increased
sample sizes would be essential to methodically examine the
potential influence of factors, such as experience and case
knowledge, on workflow patterns. These studies could also
quantify cognitive load, error rates, and workflow interruptions
across institutions with varying IS configurations.

Conclusion
In summary, this study makes 3 significant contributions to the
field of IS development in medical informatics. First, the
identification of pain points in the interaction revealed the areas
that require attention in the development of new applications.
Furthermore, it demonstrated the importance of context
exploration and development that is centered on context
integration and user feedback. When designing and
implementing new applications based on the insights gained,
physicians can obtain a focused view of the necessary
information. This can reduce the cognitive effort required to
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interact with the program and possibly avoid time-consuming
and potentially life-threatening workarounds.

Second, the insight into workflow, particularly the information
in focus, provides transferable knowledge. While workflow
steps may differ across hospitals, the underlying intentions
associated with these steps remain consistent. Therefore, the
combination of these intentions and the information in focus
can serve as a basis for context-sensitive software development
across institutions.

Third, this study addresses the discrepancy between established
user experience principles and their application in health care
IS development. The users’ conceptual understanding of task
execution, which is known in HCI as “mental models,” is

recognized as a foundational element in the field of user
experience design [15,42,43]. However, their systematic
exploration through workflow analysis in the medical domain
remains limited. The findings of our study demonstrate the value
of integrating the TA method with cognitive task analysis and
SeqDs in revealing physicians’ cognitive workflows and task
conceptualizations. This approach captures not isolated cognitive
structures but the observable manifestation of how physicians
understand and execute clinical tasks within IS constraints.
Integrating this model in point-of-care software design can
enhance patient treatment by shared cognitive approaches across
physicians, regardless of their work experience or previous case
knowledge.

Acknowledgments
We thank the physicians of the Department of Dermatology (University Hospital Essen, Germany) for their dedicated participation
in the usability studies. We thank Katharina Zeiner (Siemens, Munich) for the mentoring and fruitful discussions on user experience.

Funding
This work was funded by PhD grants from the DFG Research Training Group 2535 “Knowledge- and data-based personalization
of medicine at the point of care (WisPerMed).”

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
EMH: Conceptualization, Methodology, Investigation, Data Curation, Visualization, Formal analysis, Writing- Original draft
preparation
AK: Methodology, Data curation, Investigation, Formal analysis, Writing - Review & Editing
JS and CLB: Methodology, Data Curation, Writing - Review & Editing
GCL, EL, and DS: Conceptualization, Resources, Writing - Review & Editing
SS: Supervision, Conceptualization, Methodology, Writing - Review & Editing.

Conflicts of Interest
GCL reports advisory role or has received honoraria/travel costs from: Novartis, Pierre Fabre, Merck and Sunpharma.

Multimedia Appendix 1
Work steps, programs, code systems, and intercoder reliability.
[XLSX File (Microsoft Excel File), 67 KB-Multimedia Appendix 1]

References

1. RAND Europe, Open Evidence, BDI Research. In: Benchmarking deployment of eHealth among general practitioners.
eHealth among general practitioners. Publications Office; 2018.

2. Eysenbach G. The law of attrition. J Med Internet Res. 2005;7(1):e11. [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

3. Johnson C, Johnston D, Crowley P, Culbertson H, Rippen H, Damico D, et al. EHR usability toolkit // EHR Usability
Toolkit: A Background Report on Usability and Electronic Health Records: A background report on usability and electronic
health records. Rockville, Maryland. AHRQ Publication; 2011.

4. van Offenbeek MAG, Vos JFJ, van den Hooff B, Boonstra A. When workarounds aggravate misfits in the use of electronic
health record systems. Information Systems Journal. 2023;34(2):293-326. [doi: 10.1111/isj.12478]

5. Horsky J, Schiff GD, Johnston D, Mercincavage L, Bell D, Middleton B. Interface design principles for usable decision
support: a targeted review of best practices for clinical prescribing interventions. J Biomed Inform. 2012;45(6):1202-1216.
[FREE Full text] [doi: 10.1016/j.jbi.2012.09.002] [Medline: 22995208]

6. Saitwal H, Feng X, Walji M, Patel V, Zhang J. Assessing performance of an Electronic Health Record (EHR) using Cognitive
Task Analysis. Int J Med Inform. 2010;79(7):501-506. [doi: 10.1016/j.ijmedinf.2010.04.001] [Medline: 20452274]

JMIR Cancer 2026 | vol. 12 | e79294 | p. 12https://cancer.jmir.org/2026/1/e79294
(page number not for citation purposes)

Hartmann et alJMIR CANCER

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cancer_v12i1e79294_app1.xlsx&filename=0a42cbaa20d27182ac29c83ed138c3da.xlsx
https://jmir.org/api/download?alt_name=cancer_v12i1e79294_app1.xlsx&filename=0a42cbaa20d27182ac29c83ed138c3da.xlsx
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://dx.doi.org/10.1111/isj.12478
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(12)00149-9
http://dx.doi.org/10.1016/j.jbi.2012.09.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22995208&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2010.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20452274&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Akbar F, Mark G, Prausnitz S, Warton EM, East JA, Moeller MF, et al. Physician Stress During Electronic Health Record
Inbox Work: In Situ Measurement With Wearable Sensors. JMIR Med Inform. 2021;9(4):e24014. [FREE Full text] [doi:
10.2196/24014] [Medline: 33908888]

8. Shanafelt TD, Dyrbye LN, West CP. Addressing Physician Burnout: The Way Forward. JAMA. 2017;317(9):901-902.
[doi: 10.1001/jama.2017.0076] [Medline: 28196201]

9. Melnick ER, Dyrbye LN, Sinsky CA, Trockel M, West CP, Nedelec L, et al. The Association Between Perceived Electronic
Health Record Usability and Professional Burnout Among US Physicians. Mayo Clin Proc. 2020;95(3):476-487. [FREE
Full text] [doi: 10.1016/j.mayocp.2019.09.024] [Medline: 31735343]

10. van Gemert-Pijnen JEWC, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et al. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res. 2011;13(4):e111. [FREE Full text] [doi:
10.2196/jmir.1672] [Medline: 22155738]

11. Osheroff J, Teich J, Levick D, Saldaña L, Velasco F, Sittig D, et al. Improving outcomes with clinical decision support:
An implementer's guide. Second edition. Boca Raton, FL. HIMSS Publishing an imprint of Taylor and Francis; 2012.

12. Evans RS. Electronic Health Records: Then, Now, and in the Future. Yearb Med Inform. 2016;Suppl 1(Suppl 1):S48-S61.
[FREE Full text] [doi: 10.15265/IYS-2016-s006] [Medline: 27199197]

13. Middleton B, Bloomrosen M, Dente MA, Hashmat B, Koppel R, Overhage JM, et al. American Medical Informatics
Association. Enhancing patient safety and quality of care by improving the usability of electronic health record systems:
recommendations from AMIA. J Am Med Inform Assoc. 2013;20(e1):e2-e8. [FREE Full text] [doi:
10.1136/amiajnl-2012-001458] [Medline: 23355463]

14. Kilsdonk E, Peute LW, Jaspers MWM. Factors influencing implementation success of guideline-based clinical decision
support systems: A systematic review and gaps analysis. Int J Med Inform. 2017;98:56-64. [doi:
10.1016/j.ijmedinf.2016.12.001] [Medline: 28034413]

15. Norman DA. Some Observations on Mental Models. In: Gentner D, Stevens AL. editors. Mental models. New York,
London. Psychology Press Taylor & Francis Group; 1983:7-14.

16. Hartmann EM, Küper A, Swoboda J, Lodde GC, Livingstone E, Beckmann CL, et al. Requirements for a dashboard
optimized for melanoma patient care through user-centered context exploration. Sci Rep. 2024;14(1):1-10. [FREE Full
text] [doi: 10.1038/s41598-024-67857-2] [Medline: 39080418]

17. Norouzi S, Galavi Z, Ahmadian L. Identifying the data elements and functionalities of clinical decision support systems to
administer medication for neonates and pediatrics: a systematic literature review. BMC Med Inform Decis Mak.
2023;23(1):263. [FREE Full text] [doi: 10.1186/s12911-023-02355-5] [Medline: 37974195]

18. Kushniruk AW, Patel VL. Cognitive evaluation of decision making processes and assessment of information technology
in medicine. Int J Med Inform. 1998;51(2-3):83-90. [doi: 10.1016/s1386-5056(98)00106-3] [Medline: 9794325]

19. Barber T, Toon L, Tandon P, Green LA. Exploring provider roles, continuity, and mental models in cirrhosis care: A
qualitative study. Can Liver J. 2023;6(1):14-23. [FREE Full text] [doi: 10.3138/canlivj-2022-0020] [Medline: 36908575]

20. Blijleven V, Hoxha F, Jaspers M. Workarounds in Electronic Health Record Systems and the Revised Sociotechnical
Electronic Health Record Workaround Analysis Framework: Scoping Review. J Med Internet Res. 2022;24(3):e33046.
[FREE Full text] [doi: 10.2196/33046] [Medline: 35289752]

21. Rundo L, Pirrone R, Vitabile S, Sala E, Gambino O. Recent advances of HCI in decision-making tasks for optimized clinical
workflows and precision medicine. J Biomed Inform. 2020;108:103479. [FREE Full text] [doi: 10.1016/j.jbi.2020.103479]
[Medline: 32561444]

22. 2024. American Cancer Society. URL: https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/
2024-cancer-facts-figures.html [accessed 2026-01-10]

23. 2024. NHS England Digital. 2024. Cancer Survival in England, cancers diagnosed. 2016. URL: https://digital.nhs.uk/
data-and-information/publications/statistical/cancer-survival-in-england/cancers-diagnosed-2016-to-2020-followed-up
-to-2021# [accessed 2023-02-16]

24. 2019. Office for National Statistics. 2019. Cancer survival in England - adults diagnosed. URL: https://www.ons.gov.uk/
peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/cancersurvivalratescancersurviva
linenglandadultsdiagnosed [accessed 2026-01-10]

25. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Grob J, Rutkowski P, Lao CD, et al. Long-Term Outcomes With Nivolumab
Plus Ipilimumab or Nivolumab Alone Versus Ipilimumab in Patients With Advanced Melanoma. J Clin Oncol.
2022;40(2):127-137. [FREE Full text] [doi: 10.1200/JCO.21.02229] [Medline: 34818112]

26. Lewis C. Using the? thinking-aloud? method in cognitive interface design. method in cognitive interface design. 1982.
27. Kip H, Keizer J, da Silva MC, Beerlage-de Jong N, Köhle N, Kelders SM. Methods for Human-Centered eHealth

Development: Narrative Scoping Review. J Med Internet Res. 2022;24(1):e31858. [FREE Full text] [doi: 10.2196/31858]
[Medline: 35084359]

28. Maramba I, Chatterjee A, Newman C. Methods of usability testing in the development of eHealth applications: A scoping
review. Int J Med Inform. 2019;126:95-104. [doi: 10.1016/j.ijmedinf.2019.03.018] [Medline: 31029270]

29. Wronikowska MW, Malycha J, Morgan LJ, Westgate V, Petrinic T, Young JD, et al. Systematic review of applied usability
metrics within usability evaluation methods for hospital electronic healthcare record systems: Metrics and Evaluation

JMIR Cancer 2026 | vol. 12 | e79294 | p. 13https://cancer.jmir.org/2026/1/e79294
(page number not for citation purposes)

Hartmann et alJMIR CANCER

XSL•FO
RenderX

https://medinform.jmir.org/2021/4/e24014/
http://dx.doi.org/10.2196/24014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33908888&dopt=Abstract
http://dx.doi.org/10.1001/jama.2017.0076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28196201&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0025-6196(19)30836-5
https://linkinghub.elsevier.com/retrieve/pii/S0025-6196(19)30836-5
http://dx.doi.org/10.1016/j.mayocp.2019.09.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31735343&dopt=Abstract
https://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.15265/IYS-2016-s006
http://dx.doi.org/10.15265/IYS-2016-s006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27199197&dopt=Abstract
https://europepmc.org/abstract/MED/23355463
http://dx.doi.org/10.1136/amiajnl-2012-001458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23355463&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28034413&dopt=Abstract
https://doi.org/10.1038/s41598-024-67857-2
https://doi.org/10.1038/s41598-024-67857-2
http://dx.doi.org/10.1038/s41598-024-67857-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39080418&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-023-02355-5
http://dx.doi.org/10.1186/s12911-023-02355-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37974195&dopt=Abstract
http://dx.doi.org/10.1016/s1386-5056(98)00106-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9794325&dopt=Abstract
https://europepmc.org/abstract/MED/36908575
http://dx.doi.org/10.3138/canlivj-2022-0020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36908575&dopt=Abstract
https://www.jmir.org/2022/3/e33046/
http://dx.doi.org/10.2196/33046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35289752&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(20)30107-6
http://dx.doi.org/10.1016/j.jbi.2020.103479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32561444&dopt=Abstract
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/2024-cancer-facts-figures.html
https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/2024-cancer-facts-figures.html
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/cancers-diagnosed-2016-to-2020-followed-up-to-2021#
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/cancers-diagnosed-2016-to-2020-followed-up-to-2021#
https://digital.nhs.uk/data-and-information/publications/statistical/cancer-survival-in-england/cancers-diagnosed-2016-to-2020-followed-up-to-2021#
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/cancersurvivalratescancersurvivalinenglandadultsdiagnosed
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/cancersurvivalratescancersurvivalinenglandadultsdiagnosed
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/datasets/cancersurvivalratescancersurvivalinenglandadultsdiagnosed
https://europepmc.org/abstract/MED/34818112
http://dx.doi.org/10.1200/JCO.21.02229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34818112&dopt=Abstract
https://www.jmir.org/2022/1/e31858/
http://dx.doi.org/10.2196/31858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35084359&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.03.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31029270&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods for eHealth Systems. J Eval Clin Pract. 2021;27(6):1403-1416. [FREE Full text] [doi: 10.1111/jep.13582] [Medline:
33982356]

30. Jacobsen J, Meyer L. Praxisbuch Usability und UX: Was alle wissen sollten, die Websites und Apps entwickeln. 3.,
aktualisierte und erweiterte Auflage. Bonn. Rheinwerk Computing; Rheinwerk Verlag; 2022.

31. Hwang W, Salvendy G. Number of people required for usability evaluation. Commun. ACM. 2010;53(5):130-133. [doi:
10.1145/1735223.1735255]

32. Mayring P, Fenzl T. Qualitative Inhaltsanalyse. In: Baur N, Blasius J. editors. Handbuch Methoden der empirischen
Sozialforschung. 2. Aufl. // 2. Auflage. Wiesbaden. Springer VS; Springer Fachmedien Wiesbaden; Springer; 2019:633-648.

33. Mayring P. Qualitative inhaltsanalyse? abgrenzungen, spielarten, weiterentwicklungen. Forum Qualitative Sozialforschung
/ Forum: Qualitative Social Research, Vol 20, No 3 (2019): Qualitative Content Analysis I. 2019. [doi:
10.63485/599rn-wg167]

34. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs. 2008;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969]

35. Mayring P. Qualitative Inhaltsanalyse: Grundlagen und Techniken. 12., vollständig überarbeitete und aktualisierte Aufl.
Weinheim. Beltz; 2015.

36. Lindgren B, Lundman B, Graneheim UH. Abstraction and interpretation during the qualitative content analysis process.
Int J Nurs Stud. 2020;108:103632. [doi: 10.1016/j.ijnurstu.2020.103632] [Medline: 32505813]

37. Graneheim UH, Lindgren B, Lundman B. Methodological challenges in qualitative content analysis: A discussion paper.
Nurse Educ Today. 2017;56:29-34. [doi: 10.1016/j.nedt.2017.06.002] [Medline: 28651100]

38. Johnson-Laird P, Byrne R. Deduction: Lawrence Erlbaum Associates. Deduction. Lawrence Erlbaum Associates, Inc; 1991.
39. Nersessian NJ. In the Theoretician's Laboratory: Thought Experimenting as Mental Modeling. PSA: Proceedings of the

Biennial Meeting of the Philosophy of Science Association. 1992;1992(2):291-301. [doi:
10.1086/psaprocbienmeetp.1992.2.192843]

40. Ford M, Johnson-Laird P. Mental Models: Towards a Cognitive Science of Language, Inference, and Consciousness.
Cambridge, Massachusetts,. Harvard University Press; 1985.

41. Craik K. The nature of explanation. Cambridge. The Univesity Press; 1944.
42. Krug S. Don't make me think!: Web & Mobile Usability - das intuitive Web. Dritte Auflage. Cambridge. MIT Press; 2014.
43. Gentner D, Stevens A. editors. Mental models. New York, London. Psychology Press Taylor & Francis Group; 1983.
44. Holtzblatt K. Contextual design: Design for life. Second edition. Cambridge, MA. Morgan Kaufmann; 2017:9780128011362.
45. Walshe N, Drennan J, Hegarty J, O'brien S, Crowley C, Ryng S, et al. A cognitive task analysis of final year nursing students'

situation awareness in simulated deteriorating patient events: a mixed methods study. Nurs Open. 2024;11(4):e2154. [FREE
Full text] [doi: 10.1002/nop2.2154] [Medline: 38606846]

46. Busse TS, Jux C, Laser J, Rasche P, Vollmar HC, Ehlers JP, et al. Involving health care professionals in the development
of electronic health records: scoping review. JMIR Hum Factors. 2023;10:e45598. [FREE Full text] [doi: 10.2196/45598]
[Medline: 37428524]

47. Kilsdonk E, Peute LW, Riezebos RJ, Kremer LC, Jaspers MWM. Uncovering healthcare practitioners' information processing
using the think-aloud method: from paper-based guideline to clinical decision support system. Int J Med Inform.
2016;86:10-19. [FREE Full text] [doi: 10.1016/j.ijmedinf.2015.11.011] [Medline: 26725690]

48. Zayim N, Yıldız H, Yüce YK. Estimating cognitive load in a mobile personal health record application: a cognitive task
analysis approach. Healthcare informatics research. 2023;29(4):367-376. [FREE Full text] [doi: 10.4258/hir.2023.29.4.367]
[Medline: 37964458]

49. Card S, Moran T, Newell A. The psychology of human-computer interaction. Reprinted. London. CRC Press Taylor and
Francis Group; 2008.

50. Card SK, Moran TP, Newell A. The keystroke-level model for user performance time with interactive systems. Commun.
ACM. 1980;23(7):396-410. [doi: 10.1145/358886.358895]

51. Crandall B, Klein G, Hoffman R. Hoffman RR. Working Minds. Working Minds. The MIT Press; 2006.
52. Pluyter JR, Jacobs I, Langereis S, Cobben D, Williams S, Curfs J, et al. Looking through the eyes of the multidisciplinary

team: the design and clinical evaluation of a decision support system for lung cancer care. Transl Lung Cancer Res.
2020;9(4):1422-1432. [FREE Full text] [doi: 10.21037/tlcr-19-441] [Medline: 32953514]

53. Tory M, Möller T. Human factors in visualization research. IEEE Trans Vis Comput Graph. 2004;10(1):72-84. [doi:
10.1109/TVCG.2004.1260759] [Medline: 15382699]

54. Padilla LM, Creem-Regehr SH, Hegarty M, Stefanucci JK. Decision making with visualizations: a cognitive framework
across disciplines. Cogn Res Princ Implic. 2018;3:29. [FREE Full text] [doi: 10.1186/s41235-018-0120-9] [Medline:
30238055]

55. Shneiderman B, Plaisant C, Hesse BW. Improving healthcare with interactive visualization. Computer. 2013;46(5):58-66.
[doi: 10.1109/MC.2013.38]

JMIR Cancer 2026 | vol. 12 | e79294 | p. 14https://cancer.jmir.org/2026/1/e79294
(page number not for citation purposes)

Hartmann et alJMIR CANCER

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33982356
http://dx.doi.org/10.1111/jep.13582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33982356&dopt=Abstract
http://dx.doi.org/10.1145/1735223.1735255
http://dx.doi.org/10.63485/599rn-wg167
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2020.103632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32505813&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2017.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28651100&dopt=Abstract
http://dx.doi.org/10.1086/psaprocbienmeetp.1992.2.192843
https://europepmc.org/abstract/MED/38606846
https://europepmc.org/abstract/MED/38606846
http://dx.doi.org/10.1002/nop2.2154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38606846&dopt=Abstract
https://humanfactors.jmir.org/2023//e45598/
http://dx.doi.org/10.2196/45598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37428524&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(15)30062-9
http://dx.doi.org/10.1016/j.ijmedinf.2015.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26725690&dopt=Abstract
https://europepmc.org/abstract/MED/37964458
http://dx.doi.org/10.4258/hir.2023.29.4.367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37964458&dopt=Abstract
http://dx.doi.org/10.1145/358886.358895
https://europepmc.org/abstract/MED/32953514
http://dx.doi.org/10.21037/tlcr-19-441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32953514&dopt=Abstract
http://dx.doi.org/10.1109/TVCG.2004.1260759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15382699&dopt=Abstract
https://europepmc.org/abstract/MED/30238055
http://dx.doi.org/10.1186/s41235-018-0120-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30238055&dopt=Abstract
http://dx.doi.org/10.1109/MC.2013.38
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AHLTA: Armed Forces Health Longitudinal Technology Application
CDSS: clinical decision support system
CTA: concurrent think-aloud
HCI: human-computer interaction
HIS: hospital information system
IS: information system
SeqD: sequence diagram
TA: think-aloud

Edited by N Cahill, M Balcarras; submitted 20.Jun.2025; peer-reviewed by D Ramasamy, H Anandan, L Wreyford; comments to
author 14.Oct.2025; accepted 06.Jan.2026; published 02.Mar.2026

Please cite as:
Hartmann EM, Küper A, Swoboda J, Beckmann CL, Lodde GC, Livingstone E, Schadendorf D, Sachweh S
Revealing the Physician’s Task Conceptualization in Melanoma Treatment: Qualitative User Experience Study
JMIR Cancer 2026;12:e79294
URL: https://cancer.jmir.org/2026/1/e79294
doi: 10.2196/79294
PMID:

©Eva Maria Hartmann, Alisa Küper, Jessica Swoboda, Catharina Lena Beckmann, Georg Christian Lodde, Elisabeth Livingstone,
Dirk Schadendorf, Sabine Sachweh. Originally published in JMIR Cancer (https://cancer.jmir.org), 02.Mar.2026. This is an
open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information, a link to
the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2026 | vol. 12 | e79294 | p. 15https://cancer.jmir.org/2026/1/e79294
(page number not for citation purposes)

Hartmann et alJMIR CANCER

XSL•FO
RenderX

https://cancer.jmir.org/2026/1/e79294
http://dx.doi.org/10.2196/79294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

