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Abstract. This study evaluates the effectiveness of two Domain-Specific
Languages (DSLs) — the Guidelines Definition Language (GDL) and PROforma
— in developing clinical protocols from the perspective of medical professionals.
The objective was to assess the usability, learnability, and overall performance
of these tools through hands-on tasks and paper exercises. Participants, including
general practitioners, nephrologists, and public health specialists, provided
feedback on the GDL 2 Editor and PROforma DSL based on their experience in
creating clinical protocols. GDL 2 Editor was found to be more intuitive and user-
friendly for simpler tasks, though it faced challenges in handling more complex
logic and conditional rules. In contrast, PROforma, despite being designed for
advanced decision-making, suffered from usability issues due to its technical
complexity and the absence of an Integrated Development Environment (IDE),
which limited its practical application. The results highlight the need for further
refinement of both tools, with a focus on improving IDE functionality, enhancing
user-centered design, and integrating the DSLs more seamlessly into clinical
systems to support widespread adoption in healthcare settings. Future work will
concentrate on improving usability, adding support tools, and ensuring practical
applicability to meet the evolving needs of medical professionals.
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1 Introduction

Clinical Decision Support Systems (CDSS) have become integral tools in modern
healthcare, providing real-time guidance to clinicians by facilitating the development
and application of clinical protocols. These protocols support standardization in
medical care, reducing variability in treatment and improving patient outcomes [1].
CDSS adoption has been widely acknowledged as a critical step toward improving


mailto:smeacham@bournemouth.ac.uk

2 G. Ukeje, S. Meacham et al.

healthcare delivery, with emphasis on addressing usability and integration challenges
[2].

In this context, at the heart of Clinical Decision Support Systems (CDSSs) lie the
clinical protocols. Clinical protocols are typically presented in the form of structured or
unstructured documents, such as guidelines, care pathways, and recommendations such
as NICE guidelines in the UK [3]. To transform these textual protocols into actionable
tools, the information must be extracted, formalized, and computerised. This digital
representation becomes the core of CDSSs, which provide automated reasoning and
decision-making support to healthcare professionals. Transforming theoretical
knowledge of clinical concepts into actionable steps for diagnosing and managing
diseases is a complex task [4]. Failure to adhere to clinical guidelines and protocols can
pose significant risks to patients, such as delays in identifying conditions like CKD [5]
or inadequate management of critical factors like hypertension [6]. Moreover,
healthcare professionals must continuously adapt to evolving clinical guidelines and
new research findings, both during their initial training and throughout their ongoing
professional development [7].

Domain-Specific Languages (DSLs) play a pivotal role in this process by offering a
specialized framework to encode clinical protocols. DSLs are designed to simplify and
streamline the modeling of domain knowledge [8]. This could be complex medical
workflows, ensuring precision, consistency, and usability. By translating the intricate
details of clinical guidelines into executable programs, DSLs enable the structured and
accurate implementation of these protocols. This approach not only enhances the
maintainability of clinical decision support systems but also ensures the alignment of
CDSS functionalities with evidence-based guidelines. DSLs thereby act as a bridge
between documented clinical knowledge and its practical, computerised application,
forming the foundation of reliable and effective healthcare support systems.

This paper focuses on the evaluation of two prominent DSLs: the Guidelines
Definition Language (GDL) [9] and PROforma [10]. Both languages are tailored for
the healthcare domain and allow medical professionals to develop and apply clinical
protocols within CDSS. The GDL has been in use for over a decade, with its
development beginning in the early 2010s. GDL, part of the openEHR framework,
leverages archetypes—reusable models of clinical concepts—to ensure standardization
and accuracy in protocol development [11]. PROforma has been in use for over 25
years, having been developed in the mid-1990s by a research team led by John Fox at
Cancer Research UK. PROforma is a formal language designed to represent clinical
decisions, plans, actions, and enquiries, emphasizing ‘“correct-by-construction”
solutions that minimize errors in medical protocols [10, 12, 13]. Please note that these
are not the only DSLs available for clinical protocols; rather, they were selected based
on their significant impact and prominence in the field.

While DSLs hold great potential in the medical field, their usability and practical
application present significant challenges. Medical professionals, who are the end-users
of these systems and often very busy with clinical tasks, often lack the technical
expertise required to fully utilize such tools, especially when dealing with complex
syntax or development environments. In addition, the integration of DSLs into existing
healthcare systems can be cumbersome, particularly without user-friendly Integrated
Development Environments (IDEs) [14, 15]. Therefore, it is crucial to evaluate the
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usability and learnability of these DSLs to ensure their successful adoption in clinical
practice.

The development of DSLs such as GDL and PROforma represents an innovative
step in the effort to standardise and streamline clinical decision-making processes.
However, their practical implementation highlights a critical problem: the gap between
the technical complexity of these languages and the usability requirements of healthcare
professionals. As clinicians are not typically trained in programming or advanced
technical operations, there is a pressing need for tools that are not only accurate and
reliable but also intuitive and easy to learn. This usability gap presents a significant
barrier to the broader adoption of DSLs in routine clinical practice, potentially limiting
their impact on healthcare outcomes [16].

Furthermore, the integration of DSLs into existing healthcare systems remains a
significant challenge. Many healthcare facilities operate with heterogeneous IT
infrastructures that lack compatibility with advanced DSL-driven CDSS. Without
seamless integration, the potential benefits of DSLs—such as reducing variability in
treatment and improving adherence to evidence-based guidelines—cannot be fully
realised.

This research aims to generate experiential evidence by evaluating the two most
prominent DSLs in the field, incorporating feedback from medical professionals. The
focus is on assessing the DSLs ability to address the practical needs of clinicians while
ensuring accurate and reliable clinical decision support [2]. The outcome of this
evaluation will form the basis for future DSL developments in the field and/or
improvements in the current prominent DSLs. The most important achievement will be
the direct evaluation of DSLs from medical professionals which can be a rare case for
DSLs.

The remainder of this paper is structured as follows: Section 2 presents a review of
related work in the field of DSL evaluation in healthcare. Section 3 outlines the
experiment design and methodology. Section 4 discusses the evaluation results,
focusing on the usability and practical challenges encountered by participants. Finally,
Section 5 concludes the paper and outlines future work to enhance the evaluated DSLs
for clinical protocols and pave the way for improved and new developments to address
the medical professionals requirements.

2 Related Work

In this section, we will first explore the existing research on the evaluation of DSLs,
both in general and specifically within the healthcare domain. This will provide a
foundation for understanding the methodologies and criteria used to assess the
effectiveness of DSLs. Following this, we will delve into the unique challenges
associated with DSLs for clinical protocols in healthcare, outlining the specific issues
they aim to address and the methods employed to evaluate their performance and utility
in real-world clinical settings.

2.1  Evaluating DSLs: General Approaches

Evaluating Domain-Specific Languages (DSLs) involves a variety of methods aimed
at assessing their effectiveness, usability, and correctness across different domains.
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These approaches typically focus on key aspects such as correctness assessment,
functional suitability, usability, and performance evaluation, each contributing to a
holistic understanding of DSL capabilities.

For example, correctness is a critical factor in specialized fields like threat modeling.
Katsikeas et al. in [17] demonstrated this through their evaluation of the coreLang DSL,
which outperformed human experts in attack simulations, showcasing its reliability for
cybersecurity applications.

Similarly, functional suitability has been explored in domains such as cognitive
training, where Leon et al. in [18] applied an 1SO-based quality model to evaluate
DSLs, emphasizing their effectiveness and efficiency in generating interactive training
applications.

Usability evaluation is another vital consideration, as DSLs are intended to simplify
development for users with varying levels of technical expertise. However, as
Rodrigues et al. in [19] noted, many studies lack objective usability assessments,
underscoring the importance of integrating Human-Computer Interaction (HCI)
techniques into DSL evaluation frameworks. Evaluating the usability and effectiveness
of DSLs is crucial for their successful adoption, particularly in non-technical domains
like healthcare. A growing body of research focuses on usability assessment
frameworks and techniques for DSLs, which are essential to determine their
applicability and user-friendliness in CDSS [20]. One prominent method for usability
evaluation is the Think Aloud protocol, which allows real-time insights into user
interactions by encouraging participants to verbalize their thought processes as they use
a system. This method has proven effective in identifying usability issues and
understanding user behaviour [19, 21]. Poltronieri et al. [8] proposed a usability
evaluation framework called USA-DSL, specifically designed for DSLs, which
emphasizes the need for integrating usability considerations from the early stages of
DSL development.

Performance evaluation further highlights DSL advantages, with studies like [22]
showing that DSLs such as Athos can significantly enhance task efficiency compared
to general-purpose languages, especially for less experienced developers. Challenger et
al. in [23] provided a comprehensive framework for evaluating DSLs, incorporating
dimensions such as usability, functional quality, and execution correctness. While these
evaluation strategies offer valuable insights, challenges remain in standardizing
methodologies across diverse applications, which limits broader adoption and
understanding of DSLs' benefits.

2.2 Challenges and Evaluation of DSLs for Clinical Protocols in Healthcare

In healthcare, ensuring the correct implementation of clinical protocols is essential to
standardize care, minimize variability in treatment, and adhere to evidence-based
guidelines. However, these protocols often involve intricate workflows, overlapping
decision paths, and the simultaneous application of multiple guidelines, making their
integration into clinical practice a challenging task [24]. This complexity is further
compounded by potential conflicts between guidelines, which can lead to
inconsistencies in decision-making. Addressing these challenges requires robust
frameworks capable of managing the intricacies of clinical protocols while optimizing
patient outcomes. For instance, Wilk et al. proposed a mitigation framework designed
to handle the concurrent application of multiple clinical practice guidelines,
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highlighting the critical role of decision support systems in reducing conflicts and
ensuring cohesive care delivery [25]. Additionally, Morris et al. work on treatment
burden and multimorbidity emphasizes the challenges of managing complex care
processes and provides insights into improving the alignment of clinical protocols with
patient needs [26].

DSLs like GDL and PROforma have been applied to model clinical guidelines,
allowing medical professionals to automate routine clinical decisions while ensuring
consistency and reducing the likelihood of human error [11]. However, their success
largely depends on how well these languages align with the needs and workflows of
healthcare practitioners. For example, GDL, built within the openEHR framework,
ensures standardization through archetypes, which are reusable models of clinical
concepts [11]. PROforma, a more formalized language, provides structured methods
for decision-making but faces challenges in practical application without sufficient
technical support [15].

Despite their potential, usability remains a significant barrier to the widespread
adoption of DSLs in healthcare. Several studies have emphasized the importance of
user-centred design in the development of DSLs to ensure that they meet the practical
needs of end-users, particularly healthcare professionals who may not have technical
expertise [16] [15]. A study [21] highlighted the need for iterative usability testing
during DSL development, recommending the involvement of end-users in the design
process to refine language features and ensure applicability. Similarly, [15] proposed
that DSL usability should be evaluated not just on technical functionality but also on
how seamlessly the language integrates into clinical workflows. This includes
providing robust Integrated Development Environments (IDEs) that allow medical
professionals to easily write, test, and validate clinical protocols without extensive
programming knowledge.

Overall, while DSLs such as GDL and PROforma present promising solutions for
automating clinical protocols, their usability, technical complexity, and lack of
seamless integration with existing healthcare systems pose significant challenges.
These limitations hinder their effective application and broader adoption in healthcare
settings, underscoring the need for further refinement and user-centred improvements.

Usability and Learnability Issues. One of the most significant limitations of existing
DSLs is their usability. Medical professionals, the primary users of these tools, often
lack technical expertise in programming languages. PROforma, for instance, while
offering robust capabilities for modelling clinical decision pathways, has been criticised
for its rigid syntax and steep learning curve [12]. Similarly, the GDL 2 Editor, though
more user-friendly, struggles with managing complex protocols due to insufficient
support for advanced rule constructions and inadequate guidance on handling
conditional logic [8]. These challenges create a usability gap that limits the ability of
clinicians to adopt and effectively use these tools without substantial training or
technical support.

Integration with Existing Healthcare Systems. A critical issue with current DSLs is
their lack of seamless integration with existing electronic health record (EHR) systems.
Many DSLs require manual input of patient data or lack mechanisms for real-time data
retrieval, which can disrupt clinical workflows [13]. For instance, DSLs often operate
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as standalone systems rather than being embedded into the IT infrastructure of
healthcare facilities, leading to inefficiencies and reduced adoption. Studies have
emphasised the importance of developing CDSS tools that integrate smoothly with
heterogeneous healthcare IT environments to ensure usability in real-world clinical
settings [25].

Scalability and Maintenance Challenges. Another limitation lies in the scalability
and maintainability of DSL-based clinical protocols. As medical guidelines evolve,
updating existing protocols becomes cumbersome, particularly for languages like
PROforma, which lack intuitive interfaces for modifying existing rules [12]. Moreover,
the absence of real-time validation features and debugging tools can lead to errors in
protocol implementation, which may go undetected until adverse events occur in
clinical practice [27]. These shortcomings point to the need for improved tools that
allow dynamic updates while maintaining the reliability of clinical decision-making
processes.

Lack of User-Centred Design. Despite the growing emphasis on user-centred design
in software development, DSLs in healthcare have largely failed to adequately
incorporate the perspectives of end-users during their design and development stages.
Existing DSLs have often prioritised technical capabilities over ease of use, resulting
in tools that are difficult for clinicians to integrate into their workflows [16]. Research
indicates that involving medical professionals in the iterative design process is critical
for creating tools that align with their practical needs and constraints [2].

Limited Evidence of Real-World Effectiveness. There is a dearth of empirical
evidence demonstrating the real-world effectiveness of DSLs in improving clinical
outcomes. While theoretical benefits such as increased standardisation and reduced
variability in care have been highlighted, few studies have rigorously evaluated the
impact of these tools in operational healthcare settings [25]. The absence of such
evidence makes it difficult to justify investment in DSLs, particularly in resource-
constrained healthcare systems.

This study aims to build on previous research by evaluating these DSLs through a
usability-focused approach, emphasizing the practical challenges faced by healthcare
professionals in real-world applications. Through a combination of usability
assessments and participant feedback, this study contributes to the growing body of
literature on how DSLs can be optimized for clinical use, ensuring they are accessible,
efficient, and effectively integrated into healthcare practice.

3 Experiment Design

The experiment was designed to evaluate the effectiveness of DSLs for developing
clinical protocols, focusing specifically on the GDL and PROforma DSLs. The primary
aim was to assess these DSLs in terms of usability, learnability, and applicability from
the perspective of medical professionals. A diverse group of 21 participants was
selected from the authors’ professional networks and were invited by email, including
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general practitioner (GPs), nephrologists, public health specialists, and an emergency
physician to provide a wide range of insights and experiences.

The recruitment process for participants involved purposive sampling [28], selecting
individuals based on their clinical expertise and potential for providing diverse
perspectives on the tools. While the authors’ professional networks served as the
primary recruitment pool, efforts were made to ensure that the selected group
represented varied medical disciplines and levels of familiarity with digital tools. The
structured email invitations outlined the study objectives, the expected time
commitment, and the tasks participants would perform, ensuring informed consent and
voluntary participation.

Participants were first introduced to the tools through an 18-minute instructional
video and written documentation. This preparatory phase was essential in establishing
a baseline understanding of the DSLs’ interfaces and functionalities. The instructional
materials provided a detailed overview of how to use the GDL 2 Editor and the
PROforma DSL, ensuring that participants were well-prepared for the hands-on tasks
that followed. Moreover, the instructional materials provided were standardised and
validated by pilot testing [29] with a small group of healthcare professionals prior to
the main study. The instructional video and documents were designed to ensure
uniformity in baseline knowledge across participants, minimising bias caused by
differences in prior familiarity with DSLs. These steps aimed to create a controlled and
repeatable experimental framework, enabling the authors to draw reliable conclusions
about the usability and learnability of the GDL and PROforma DSLs.

After the introductory phase, participants engaged in a task using the GDL 2 Editor,
where they were required to create a protocol for Chronic Kidney Disease (CKD)
diagnosis based on provided documentation. This involved instantiating archetypes,
defining input and output parameters, and constructing rule lists to encapsulate the
clinical logic for managing CKD [27]. Archetypes, reusable models of clinical
concepts, are central to GDL, ensuring the standardization and accuracy of medical data
representation [13]. The task allowed participants to experience the practical challenges
of protocol development using GDL and to provide feedback on the tool’s usability.

For the PROforma task, participants did not engage in a practical application due to
the technical expertise required for using the language. Instead, the task was conducted
as a paper exercise, where participants were asked to write code for a clinical protocol
in PROforma without testing it. This highlighted the complexities and challenges
associated with using PROforma in a real-world setting without adequate technical
support or a dedicated IDE [13].

To evaluate the usability of these DSLs, a modified Think Aloud method was
employed. Participants were asked to verbalize their thoughts while interacting with the
DSLs, offering real-time insights into their cognitive processes and the challenges they
encountered [30]. This method was chosen for its ability to uncover usability issues that
might not be captured through standard questionnaires alone.

Data collection involved both quantitative and qualitative approaches. Participants
completed a detailed questionnaire after the task, designed to gather data on various
aspects of the DSLs, including intuitiveness, functionality, documentation support, and
overall user satisfaction. Quantitative data were collected using a rating scale from 1
(very difficult) to 5 (very easy), while qualitative data were gathered through open-
ended written questions that allowed participants to provide detailed feedback and
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suggestions for improvement [8] [19] . This combination of qualitative and quantitative
data helped paint a picture of the user experience.

The methodology also included observation and documentation of participant
interactions with the DSLs. This allowed the research team to capture insights into how
participants navigated the tools, how they approached problem-solving, and the specific
challenges they faced during the tasks. This approach to data collection enabled a robust
evaluation of the DSLs, providing actionable feedback for future improvements.

Overall, the experiment was methodically designed to assess the GDL 2 Editor and
PROforma DSL in real-world scenarios, with a strong focus on usability and
applicability. By involving medical professionals and collecting both quantitative and
qualitative data, the study aimed to inform future refinements of these tools, and the
requirements for new DSL developments.

4 Evaluation Results

4.1  Usability and Learnability of GDL 2 Editor

The GDL 2 Editor received relatively positive feedback, particularly in terms of
usability and ease of use for general protocol development. Many participants
appreciated the archetype system, which allowed for standardization and reuse of
clinical concepts. However, despite this, there were clear challenges identified. A
significant number of participants (38%) found instantiating archetypes and defining
input/output parameters difficult. Several comments pointed out that the GDL 2 Editor
lacked detailed guidance on how to structure more complex rule lists, which made the
tasks challenging for less technically inclined users.

While the editor provided a framework for rule construction, only 14% of
participants reported feeling “very confident” when constructing rule lists, with most
feeling either neutral (29%) or slightly confident (33%). Participants expressed
concerns about the limited support for conditional rules and the lack of flexibility when
modifying archetypes once they had been instantiated. Several respondents also
highlighted that navigating between multiple archetypes was cumbersome, and the
editor became slower when handling multiple instances. This suggests that while GDL
2 is effective for basic tasks, it struggles with more complex clinical protocols.

Table 1. The average ratings of GDL 2 Editor features

Feature Average Results (1-5)
Intuitiveness 3.8
Ease of Use 3.6
Supportiveness of Documentation 34
Learnability 4.0
Handling of Complex Tasks 2.9
User Interface 3.7
Performance in Simple Tasks 4.2
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Flexibility 3.1
Error Management 2.8

Additionally, there was a call for better integration of user feedback within the GDL 2
Editor itself. Many participants recommended adding real-time validation features to
help users identify mistakes and ensure that the protocols were correctly constructed
before being finalized. The absence of this feature led to uncertainty about the accuracy
of the protocols created. In Fig. 1, the overall results for GDL 2 are presented.

Average Rating (1-5)

Error Management

Flexibility

Performance in Simple Tasks
User Interface

Handling of Complex Tasks
Learnability

Supportiveness of Documentation
Ease of Use

Intuitiveness

0 0.5 1 15 2 2.5 3 3.5 4 4.5

Fig. 1: Summary of GDL 2 Feature Ratings

4.2  PROforma DSL: Paper Exercise Challenges

The evaluation of PROforma posed more significant challenges, largely due to the
technical complexity of the DSL and the lack of a dedicated IDE. Unlike GDL,
participants did not engage in a practical application of PROforma but were instead
asked to complete a paper-based exercise. This highlighted several key limitations.

Most notably, many participants struggled with the rigid syntax of PROforma, with
22% of participants rating the clarity of the syntax as "Not clear at all," and another
22% finding it only "Slightly clear." The lack of real-world examples in the
documentation further complicated the task, as many participants found it difficult to
apply the theoretical concepts to the clinical decision-making process. The absence of
an IDE and debugging tools also contributed to frustration, as participants were unable
to test or validate their code, making the task feel more abstract and disconnected from
practical clinical workflows.
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Participants repeatedly emphasized the need for a visual editor or a drag-and-drop
interface that would simplify the process of creating protocols. Additionally, there was
strong feedback requesting a built-in testing environment where participants could
simulate the clinical logic and verify that their protocols functioned as expected.
Without these tools, the participants found it difficult to determine whether their
decision logic was correct, which created a significant barrier to usability.

4.3  Comparative Analysis: GDL vs. PROforma

When comparing GDL and PROforma, GDL was generally viewed as more user-
friendly, particularly for those without a technical background. GDL's archetype-based
system provided a level of structure that made it easier for first-time users to construct
basic protocols. 43% of participants found GDL easier to use for clinical protocol
development, while 21% selected PROforma, and 14% found both tools equally
challenging. GDL was praised for its simplicity and intuitiveness, especially for routine
tasks, whereas PROforma was recognized for offering more flexibility and control over
complex decision-making processes, though at the cost of usability.

In terms of real-world applicability, 33% of participants felt that GDL was more
suitable for clinical practice due to its ease of use and structured approach to rule
construction. However, another 33% selected PROforma, citing its adaptability and
control over finer details of clinical protocols as advantages, particularly for more
complex cases. Despite this, the majority agreed that PROforma would require
significant improvements in usability, particularly in the form of an IDE with integrated
debugging and testing capabilities before it could be widely adopted in clinical settings.

Table 2.  Numerical comparative analysis (mean) of GDL 2 Editor and PROforma DSL

Criteria GDL 2 Editor (1-5) PROforma DSL (1-5)
Practical Application 4.0 2.0
Task Method 4.0 2.0
Intuitiveness and Usability 3.8 25
Supportiveness of Materials 34 2.3
Learnability 4.0 2.0
Overall Performance 3.9 2.1
Challenges 3.2 3.0
Integration 2.8 1.9
Technical Support 3.6 1.8

The table above provides a numerical comparison across key criteria, with GDL 2
Editor generally receiving higher ratings in most categories, particularly in usability
and practical application, while PROforma faced challenges due to its lack of support
tools and complexity.
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Fig. 2 and Fig. 3 below clearly show that participants rated the GDL 2 Editor
significantly higher than PROforma DSL across all categories, including usability,
learnability, support, and overall performance.

100 Satisfaction Trends (in Percentages): GDL 2 Editor vs PROforma DSL
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Fig. 2: Satisfaction Trends in Percentages: GDL 2 Editor vs PROforma DSL

Detailed Comparison: GDL 2 Editor vs PROforma DSL
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The table below highlights the strengths and areas for improvement in both the GDL 2
Editor and PROforma DSL, guiding future developments to enhance their practical
application in clinical settings.

Table 3.  Summaries of strengths and limitations for the GDL 2 Editor and PROforma DSL

Criteria GDL 2 Editor PROforma DSL

Practical Application Widely used in  the | Participants did not engage in
experiment with practical | practical application due to the
application in  building | complexity of the tool.

simple protocols.

Task Method Hands-on task creating a | Paper exercise writing code for
clinical protocol using the | PROforma; participants were
GDL 2 Editor. unable to test or validate their

work.

Intuitiveness and Usability | Generally found to be | Not intuitive,  especially
intuitive for basic tasks but | without a dedicated IDE.
struggles with complex rule | Participants found the syntax

construction. challenging.

Supportiveness of | Instructional materials were | Materials were not sufficient;

Materials found helpful, but some | participants requested more
participants needed more | real-world examples and better
advanced support. documentation.

Learnability Easier to learn for first-time | Difficult to learn without
users; archetype-based | extensive technical
system helped structure the | knowledge. Steep learning
process. curve due to lack of support

tools.

Overall Performance Rated moderately high for | Overall performance was poor,

overall  performance in | mainly due to the absence of
simple tasks but lacked | validation and testing tools.
flexibility for complex cases.

Challenges Difficulty in  handling | Rigid syntax, no error-
multiple archetypes; limited | checking or testing
guidance for conditional | environment, and lack of
rules. flexibility in decision paths.

Integration No seamless integration with | No integration  features
other  clinical  systems; | provided; very limited
manual input was required. application in clinical

workflows.

Technical Support No dedicated IDE but more | Lacked any technical support
user-friendly interface | or IDE, making it difficult to
compared to PROforma. use effectively.

4.4 Addressing Challenges and Potential Solutions

The key challenges identified in the evaluation of both DSLs centred around usability,
support features, and the complexity of the tools. Participants repeatedly pointed out
that both GDL and PROforma lacked adequate tutorials, detailed documentation, and
practical examples. In particular, the need for interactive tutorials or video
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demonstrations was frequently mentioned. Many participants felt that a hands-on, step-
by-step guide would have greatly improved their ability to complete the tasks and
understand the tools. This aligns with broader research indicating that user support and
feedback mechanisms are critical for DSL adoption, especially for non-technical users
[30] [31].

For GDL, improving the interface and navigation between archetypes was a priority
for many participants. Several users suggested incorporating features like error-
checking, auto-complete for input/output parameters, and enhanced rule construction
templates. These suggestions aim to reduce cognitive load and make the process of
developing clinical protocols more accessible to users unfamiliar with DSLs,
supporting findings from usability studies that stress the importance of user-centric
design and minimizing complexity [31].

PROforma, on the other hand, faced more fundamental usability challenges. Many
participants requested the development of a dedicated IDE that would provide real-time
feedback, error-checking, and a testing environment. Such tools would make the DSL
more accessible and allow users to confidently write and validate complex decision-
making protocols. The inclusion of a visual workflow system, which would allow users
to construct protocols graphically rather than through code, was also frequently
recommended [31] [32].

Overall, while both GDL and PROforma offer valuable tools for developing clinical
protocols, their usability for non-technical users remains a significant challenge. GDL
was generally favoured for its simplicity and structured approach, but it still requires
improvements in terms of user support and flexibility. PROforma, despite its power,
adaptability and formality offered, was hindered by its complexity and lack of user-
friendly tools. To make these DSLs more accessible to healthcare professionals, future
developments should focus on enhancing user interfaces, providing tutorials, and
integrating dedicated development environments that support real-time feedback and
testing [30] [33].

4.5  Validation of Findings

To validate the findings of this study, the results were compared with existing literature
and usability benchmarks for domain-specific languages (DSLs) in healthcare. The
usability ratings for GDL and PROforma were aligned with previous evaluations, such
as the findings by Poltronieri et al. [8], which highlighted the importance of user-
centred design in DSLs. Specifically, the learnability score of 4.0 for GDL 2 Editor
corroborates prior research that positions archetype-based systems as more accessible
for clinicians due to their structured approach [12].

Additionally, the challenges identified in the usability and integration of PROforma
are consistent with earlier reports, including Fox et al. [12], which emphasised the need
for dedicated Integrated Development Environments (IDEs) to support complex rule
constructions. This study's findings extend this understanding by providing empirical
evidence of these challenges during protocol development tasks.

Benchmarking against Nielsen’s usability heuristics [30] further supports the
conclusions. For instance, GDL's moderate performance in error management (2.8)
aligns with heuristic principles that highlight error prevention and recovery as critical
areas for improvement. Similarly, PROforma’s lack of feedback mechanisms is a clear
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deviation from usability best practices, further validating the need for an IDE and real-
time debugging tools.

The feedback from participants also validated the experimental design, with 86%
agreeing that the tasks accurately reflected real-world clinical challenges. This
alignment between study design and participant perception ensures that the results are
both robust and representative of actual clinical workflows.

5 Biases and Reflections

In evaluating the GDL 2 Editor and PROforma DSL, several potential biases may have
influenced the results. First, the study relied on participants with varying levels of
technical expertise and experience in clinical protocol development, which may have
impacted their perceptions of the tools. Additionally, our recruitment strategy was
limited to professional networks, which restricted the number of participants. In the
future, a broader recruitment strategy could significantly increase participant numbers.
Participants with more technical backgrounds might have found PROforma more
manageable, while those with limited technical experience may have rated GDL 2
Editor more favourably due to its relative simplicity. This variance in participant
backgrounds introduces bias related to user familiarity with DSLs and clinical decision
support systems.

Additionally, the decision to use a paper-based exercise for PROforma due to the
lack of a dedicated IDE may have skewed the results against it. Participants were unable
to fully experience PROforma's potential through practical application, which may have
contributed to the lower satisfaction ratings. Future studies should seek to minimize
this bias by providing a more complete toolset, such as a functional IDE, to give
participants a fairer experience of both DSLSs.

Another source of bias stems from the subjective nature of usability and satisfaction
ratings. While quantitative ratings provide valuable insights, they are influenced by
individual preferences, experiences, and frustrations encountered during the evaluation
process. For instance, participants may have rated a tool more harshly if they
encountered technical difficulties or if the learning curve was steeper than expected.

Reflection on the methodology also reveals the importance of real-world testing
environments. The lack of integration between the DSLs and clinical systems meant
that participants could not fully appreciate the practical applicability of the tools. This
highlights the need for future evaluations to include real-world testing scenarios, where
users can experience the tools in the context of their actual work environments.

In reflecting on the study, it is evident that enhancing the IDEs, refining user-centred
design, and improving integration into healthcare systems will be critical in addressing
these biases and ensuring that future evaluations capture a more balanced and accurate
assessment of the DSLs. Last but not least, the non-technical users should feel
comfortable to change and maintain the DSL, therefore empowering them to use
complex technological developments.

6 Conclusions and Future Work
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The evaluation of the GDL 2 Editor and PROforma DSL revealed distinct advantages
and limitations in their application to clinical protocol development. GDL 2 Editor was
generally more user-friendly, with participants appreciating its structured approach and
intuitive design for basic tasks. However, it struggled with handling complex protocols
and lacked flexibility when dealing with conditional rules. In contrast, PROforma,
although powerful in theory, was hindered by its technical complexity, lack of a
dedicated IDE, and steep learning curve, which prevented practical use in this
evaluation.

Future work should prioritize the development of robust IDEs for both tools,
particularly for PROforma. A dedicated IDE would significantly enhance its usability
by offering real-time feedback, error-checking, and debugging tools, making the
language more accessible to non-technical users such as medical professionals. For
GDL, the focus should be on improving the handling of complex rule sets and adding
support for conditional logic to enable users to build more sophisticated protocols
without extensive technical expertise.

Another critical area for future research is the adoption of a user-centred design
approach. Both DSLs should be refined with an emphasis on simplifying workflows,
providing clear guidance, and incorporating user feedback into the development
process. By doing so, the tools can better align with the practical needs and capabilities
of healthcare professionals, improving the overall user experience and reducing the
cognitive load associated with using the systems.

Integration with clinical systems such as those providing electronic health records
(EHRs) should also be a key focus of future development. Seamless integration would
enhance the practical utility of these DSLs by allowing protocols developed with GDL
and PROforma to be implemented and tested in real-world clinical settings. This would
not only improve workflow efficiency but also ensure that clinical decision support
systems (CDSS) are directly applicable in daily medical practice.

In conclusion, while GDL 2 Editor and PROforma DSL show promise for the
development of clinical protocols, their usability, technical support, and integration into
clinical systems need substantial improvement. Future research should focus on
enhancing IDE functionality, adopting user-centred design principles, and ensuring
seamless integration with healthcare IT systems to enable these tools to reach their full
potential in clinical practice. Additionally, this experience report outlines and details
the requirements for developing new DSLs that address the critical aspects of usability
and maintainability, specifically for non-technical users.
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