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ABSTRACT

The practice of diagnostic and clinical pathology (DCP) is rapidly changing given recent 
advancements in imaging technologies and the application of diagnostic algorithms 
through artificial intelligence (AI). Proficiency in digital literacy is critical for both 
laboratorians and diagnosticians to safely and effectively interact with these new 
technologies as diagnostic pathology enters the digital era. This transformation raises 
many important questions regarding the human factors and ergonomic considerations 
including workload, situation awareness, usability, and cognitive load. To date, compared 
with algorithm-development studies, relatively little formal research has focused on 
the interface between the diagnostician and AI-augmented diagnostic systems within 
routine practice. This paper proposes a human factors-informed digital readiness 
framework for diagnostic and clinical pathology that maps the interfaces among 
hardware, software, and end users, with particular attention to cognitive workload, 
usability, and alignment with existing clinical workflow practices. One critical gap that 
continues to emerge is that no assessment tool to determine the digital readiness of 
existing diagnostic pathology workflows is currently available. In the absence of such 
standards, this emerging field risks fragmentation and inconsistent implementation. 
We advocate for the development of best-practice frameworks for digital readiness 
that are explicitly grounded in human factors and ergonomics principles applicable 
to urban centres, and extensible to rural and remote healthcare environments. This 
framework represents a foundational model intended for prospective validation and 
implementation across diverse diagnostic medicine practice environments. 
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INTRODUCTION

Diagnostic and Clinical Pathology (DCP) is entering a period of significant 
digital transformation, driven by rapid advancements in imaging technologies 
and the integration of artificial intelligence (AI) into routine diagnostic 
workflows (Johnston and Kalra, 2025; Kalra et al., 2025). Whole-slide 
imaging, algorithm-assisted detection of metastases, and automated grading 
of core biopsies are becoming increasingly feasible, shifting the diagnostic 
landscape toward hybrid human-AI systems. As these tools become integrated 
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into daily practice, pathologists and laboratorians are expected to interpret 
digital images, manage algorithmic outputs, and maintain diagnostic accuracy 
within a workflow that is no longer manual but digital with AI-automations 
(McGenity et al., 2024).

These developments bring renewed attention to the human factors that 
shape successful adoption of digital technologies. Diagnostic work in 
pathology relies on high levels of visual discrimination, sustained attention, 
and the coordination of multiple parallel information streams. Introducing 
digital systems into this environment alters cognitive workload, affects 
situational awareness, and places new demands on usability, ergonomics, 
and workflow alignment (Wosny et al., 2023). While algorithm-development 
studies continue to accelerate, research examining the diagnostician’s 
interface with AI-augmented systems, especially within the realities of daily 
clinical service, remains comparatively limited (Sebastian et al., 2026).

Digital pathology also raises important considerations related to privacy, 
data security, and data sovereignty, as digital slides and algorithm-processed 
images constitute protected health information. Ensuring compliance with 
local regulatory frameworks is essential, yet regulatory readiness alone does 
not guarantee usability or diagnostic safety (Kalra and Johnston, 2025). A key 
gap in the field is the absence of validated tools to assess the digital readiness 
of existing pathology workflows. Without such assessment, laboratories risk 
fragmented implementation, inconsistent user experience, and avoidable 
workflow disruptions.

This paper proposes a human factors-informed digital readiness 
framework for DCP that maps the interfaces among hardware, software, 
end users, and clinical workflows. By identifying ergonomic, cognitive, and 
organizational determinants of readiness, this work aims to support the 
development of scalable, human-factors-centered readiness frameworks 
suitable not only for urban academic environments but also for rural and 
remote laboratory settings. This work provides a foundational framework to 
guide implementation of safe, equitable, and ergonomically optimized digital 
pathology adoption.

BACKGROUND AND CLINICAL CONTEXT

Pathology workflows are uniquely sensitive to digital transformation because 
diagnostic accuracy depends on the integration of multiple tightly coupled 
tasks across the pre-analytic, analytic, and post-analytic phases. Digital systems 
alter each stage of this sequence. At the hardware level, pathologists transition 
between microscopes, high-resolution monitors, scanners, and multi-display 
workstations. At the software level, users must navigate image viewers, 
laboratory information systems, digital annotation tools, and algorithmic 
overlays (Ardon et al., 2023). These shifts introduce new interaction patterns 
that differ from conventional optical microscopy, demanding a different set 
of cognitive, ergonomic, and workflow competencies.

Digital pathology adoption is also uneven across practice settings. Urban 
academic centres may have robust information technology (IT) support, 
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dedicated digital pathology teams, and the infrastructure required for whole 
slide imaging and AI integration. In contrast, community, rural, and remote 
settings often depend on hybrid workflows that combine digital and optical 
methods, variable bandwidth, and smaller teams with broader scopes of 
responsibility (Daniel et al., 2025). In these environments, digital pathology 
must integrate into existing resource constraints rather than replace them. A 
human-factors-grounded readiness framework must therefore be sensitive to 
these contextual differences.

The transition to digital workflows is occurring alongside increasing 
service demands, workforce shortages, and rising expectations for diagnostic 
turnaround time. As a result, digital readiness is not solely a technical 
specification; it is a measure of whether people, processes, and environments 
are prepared to adopt digital tools without compromising safety, efficiency, or 
diagnostic quality (Fraggetta et al., 2021). Understanding readiness requires 
mapping the full ecosystem in which diagnostic work occurs.

METHODS - FRAMEWORK DEVELOPMENT APPROACH

A conceptual human-factors framework developmental approach was used to 
construct a digital readiness model across the diagnostic pathology workflow. 
This method draws on established human-factors constructs, including 
cognitive workload, usability, workflow integration, situational awareness, 
and physical ergonomics, to assess the alignment between digital systems and 
the tasks, users, and environments of pathology practice (Choudhury, 2022; 
Sujan et al., 2019).

Sources informing this assessment included published literature on digital 
pathology and AI-assisted diagnostics, human factors frameworks commonly 
applied in clinical environments, prior research examining digital literacy and 
diagnostic reasoning, and experiential knowledge from pathology practice 
in academic and community settings. This conceptual mapping approach 
is appropriate given the early stage of digital pathology adoption and the 
absence of validated readiness measurement tools in the field. 

HUMAN FACTORS DETERMINANTS OF DIGITAL READINESS

Cognitive Readiness

Digital pathology introduces new cognitive demands as users navigate 
large digital images, manage multiple visual streams, and interpret 
algorithm-generated outputs. Users must transition between different visual 
representations of tissue (optical versus digital) and maintain situational 
awareness across multiple screens, viewers, and toolsets (Khatab et al., 
2024). Poorly aligned interfaces may increase cognitive load, slow diagnostic 
processing, and produce fatigue, particularly for trainees, who often encounter 
digital systems earlier and with less formal training than attending staff. 
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Ergonomic Readiness

Ergonomic readiness encompasses workstation configuration, monitor 
quality, seating, lighting, and scanner placement. Suboptimal physical 
environments degrade visual discrimination and increase musculoskeletal 
strain, which in turn affects diagnostic performance. Digital work requires 
prolonged screen engagement and frequent mouse-based navigation, adding 
new ergonomic demands not present in microscope-based workflows. 
Variability in ergonomic design across sites contributes to inconsistent user 
experience and potential fatigue-related error.

Workflow Readiness

Digital pathology must integrate into the sequential nature of diagnostic 
work, from slide generation to sign-out. Bottlenecks such as delayed slide 
scanning, slow image rendering, or poorly integrated digital viewers disrupt 
workflow continuity. Misalignment between digital tools and laboratory 
information systems forces users to switch between platforms, increasing 
friction and reducing efficiency. In hybrid environments that combine optical 
and digital workflows, readiness gaps can introduce additional complexity 
(Eloy et al., 2021).

Organizational Readiness

Organizational readiness includes IT capacity, leadership support, training 
availability, governance structures, and resource allocation. Differences in 
institutional investment lead to markedly different readiness profiles. Some 
centres have dedicated digital pathology teams, while others depend on 
general IT support unfamiliar with diagnostic workflows (Ferreira et al., 
2023). Without coordinated organizational planning, digital adoption can 
become fragmented, resulting in inconsistent implementation and variations 
in diagnostic safety.

Educational Readiness

Digital literacy among diagnosticians and laboratory staff varies widely. 
Many clinicians were trained in microscope-dominant environments and have 
not received structured preparation in digital workflows, image navigation, 
or algorithmic decision support. Trainees, conversely, may adopt digital 
tools rapidly but with limited oversight, raising concerns about workload, 
safety, and competency validation. Educational readiness therefore requires 
structured curricula, competency-based assessment, and training that reflects 
local workflow realities (Hassell et al., 2011).  

These five domains are conceptualized as interacting system conditions 
that collectively enable safe AI-augmented diagnostic practice, as illustrated 
in Figure 1.



Assessing Digital Readiness in Diagnostic and Clinical Pathology� 5

Figure 1: Human factors domains underpinning digital readiness across diagnostic 
medicine workflows.

DISCUSSION

Digital pathology is advancing more rapidly than the systems needed to 
support its safe integration. This proposed framework demonstrates that 
digital readiness is multidimensional and varies significantly across cognitive, 
ergonomic, workflow, organizational, and educational domains. Without a 
structured readiness assessment, digital adoption may increase cognitive 
load, introduce new ergonomic challenges, or disrupt established workflows 
(Khatab et al., 2024). These risks are particularly salient for residents and 
early-career pathologists, who frequently adopt new technologies ahead 
of attending staff and therefore encounter digital demands at earlier 
developmental stages.

Our previously described CanMEDS-CARES model provides a useful 
conceptual bridge for operationalizing the educational domain of digital 
readiness within competency-based medical education (Johnston and Kalra, 
2025). While the present framework identifies educational readiness as 
a system condition, encompassing training capacity, digital literacy, and 
competency development, the CARES model clarifies how these capacities 
could be enacted in practice. By emphasizing communication, autonomy, 
respect, equity, and safety, CARES situates digital education not merely as 
technical skill acquisition, but as patient-centered professional competency 
within AI-augmented diagnostic environments. As summarized in Table 1, 
the educational domain of digital readiness aligns most closely with the 
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Scholar and Professional roles within the CanMEDS-CARES framework, 
reinforcing the importance of reflective practice, ethical reasoning, and 
accountable engagement with AI-supported diagnostic tools. In this way, 
CARES complements human-factors-informed readiness assessment by 
translating system readiness into observable, assessable professional 
behaviours aligned with CanMEDS roles. When embedded within educational 
readiness, the CARES framework supports medical learners in developing 
not only proficiency with digital tools, but also with the ethical reasoning, 
accountability, and reflective practice required for safe and equitable 
diagnostic care.

Human-factors-informed readiness assessment reframes digital adoption 
challenges not as user-level deficiencies but as gaps in system-level design 
(Sujan et al., 2022). By focusing on the interaction between people and 
their work environments, human-factors principles help identify modifiable 
barriers to adoption and support the design of safer, more usable digital 
systems.

This approach also underscores the importance of equity in digital 
transformation. Rural and remote sites require flexible, scalable frameworks 
that accommodate bandwidth constraints, staffing patterns, and hybrid 
diagnostic workflows (Daniel et al., 2025). Without such flexibility, digital 
pathology risks widening existing divides in access to diagnostic expertise.

Table 1: Human factors domains of digital readiness and their relationship to 
CanMEDS-CARES competencies in AI-augmented diagnostic workflows.

Digital Readiness Domain Primary Human Factors Focus CanMEDS-CARES Roles 
Supported

Cognitive Readiness Cognitive load, situational 
awareness

Medical Expert, Scholar

Ergonomic Readiness Physical ergonomics, usability Professional, Leader

Workflow Readiness Task alignment, handoffs Collaborator, Leader

Organizational Readiness Governance, infrastructure Leader, Health Advocate

Educational Readiness Training, competency 
development

Scholar, Professional

OPERATIONALIZING THE DIGITAL READINESS FRAMEWORK

To implement the framework practically, digital readiness can be assessed 
across the five domains using qualitative or quantitative indicators, with 
checklist-based criteria scored to indicate readiness. A scoring approach 
might include: Level 1: Emerging, Level 2: Developing, Level 3: Operational,  
and include indicators by each domain such as: 

•	 Cognitive: formal training, AI interpretation guidance, load mitigation 
strategies

•	 Ergonomic: monitor calibration, ergonomic workstations, lighting
•	 Workflow: laboratory information system and viewer integration, 

scanning capacity, workflow protocols
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•	 Organizational: IT support, AI governance, and budget for new equipment
•	 Educational: digital literacy curricula, AI training, feedback mechanisms

This approach helps identify high-risk areas and plan interventions before 
AI adoption, and validation studies can link these scores to efficiency, errors, 
or satisfaction.

IMPLICATIONS FOR PRACTICE

A structured readiness framework can support more predictable digital 
pathology implementation, enabling laboratories to anticipate challenges 
related to cognitive workload, ergonomic setup, and workflow integration. 
In academic centres, readiness assessment can guide curriculum design and 
competency development. In community, rural, and remote settings, readiness 
frameworks can support tailored implementation strategies that respect local 
constraints and minimize disruption to service delivery. By aligning human-
factors principles with clinical workflow realities, laboratories can reduce 
implementation risk and promote safer, more efficient adoption.

CONCLUSION

Digital transformation in diagnostic pathology requires more than 
technological investment; it requires evaluating whether people, 
environments, and workflows are prepared to integrate new tools safely 
and effectively. A human-factors-informed assessment of digital readiness 
provides a foundation for developing best-practice frameworks that support 
safe, equitable, and sustainable digital pathology adoption across diverse 
practice settings. This framework provides a structured foundation for 
future empirical validation studies assessing diagnostic accuracy, workflow 
efficiency, and user experience in digitally-enabled pathology environments.
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