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Abstract: This study investigates the role of Digital Human Modeling (DHM) in redesigning 

work environments through an integrated cognitive ergonomics framework, with the aim of 

enhancing workers' psychological well-being and optimizing occupational performance. 

 The study employed a mixed-methods approach combining systematic literature review of 122 

peer-reviewed studies (2010 –2024), comparative analysis of five leading DHM software 

platforms against a 24-item capability framework, and scenario-based virtual modeling across 

three work environment typologies: industrial manufacturing, intensive care healthcare, and 

remote digital office work. 

 Findings reveal that DHM platforms score an average of 78.4% on physical simulation depth 

but only 21.3% on cognitive representation and 9.7% on psychosocial modeling. When 

cognitive ergonomics variables are integrated, simulation-informed redesigns yield reductions 

in cognitive load of up to 23.6% and situation awareness failure risk reductions of 31.4%. A 

novel five-component integrative framework the Digital Human Cognitive Ergonomics (DHCE) 

model is proposed, along with evidence-based recommendations for researchers, practitioners, 

and organizational decision-makers. 

Keywords: Digital Human Modeling, Cognitive Ergonomics, Workplace Design, Cognitive 

Load, Psychosocial Risk. 
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تهدف هذه الدراسة إلى استكشاف دور نمذجة الإنسان الرقمي في إعادة تصميم بيئات العمل من منظور أورغونومي الملخص: 
  الأداء الوظيفي.معرفي متكامل، بما يسُهم في تعزيز الصحة النفسية للعامل وتحسين

(، والتحليل المقارن لخمس 2024–2010دراسة محكّمة ) 122اعتمدت الدراسة منهجية مختلطة تجمع بين المراجعة المنهجية لـ  
تُحقق  DHMالرائدة، ونمذجة افتراضية لثلاثة سيناريوهات من بيئات العمل. كشفت النتائج أن منصات  DHMمنصات 

% في النمذجة النفسية. يقترح البحث نموذج 9.7% فقط في التمثيل المعرفي و21.3مقابل % في النمذجة الجسدية 78.4
DHCE .التكاملي ذا المكونات الخمسة لسدّ هذه الفجوة، مع توصيات تطبيقية للباحثين والممارسين وصانعي القرار المؤسسي 

 العبء المعرفي، المخاطر النفسية الاجتماعية.بيئة العمل،ورغونوميا المعرفية، نمذجة الإنسان الرقمي، الأالكلمات المفتاحية: 

1.  Introduction 

The twenty-first century workplace is undergoing a profound and irreversible 

transformation. Automation, artificial intelligence, remote collaboration platforms, and 

ubiquitous connectivity have collectively reshaped the nature of work tasks, the 

structure of work environments, and the tools workers depend upon. Workers face a 

deepening paradox: while digital technologies promise greater efficiency and flexibility, 

they simultaneously introduce new forms of cognitive demand, psychosocial pressure, 

and occupational risk that traditional ergonomic frameworks were not designed to 

address. 



Revue Organisation & Travail                                                       Volume 15, N°50 (2026)  
 

160 

 

Conventional ergonomics has long focused on the physical fit between workers 

and their environments reducing musculoskeletal strain, optimizing posture, and 

minimizing injury risk. These contributions remain indispensable. However, the 

growing prevalence of knowledge-intensive, digitally mediated work has exposed a  

critical gap: the absence of robust methods for evaluating and designing work 

environments that account for mental workload, attentional limits, emotional regulation, 

and psychosocial dynamics. 

Digital Human Modeling (DHM) has emerged as one of the most promising 

instruments in ergonomic design practice. By enabling three-dimensional simulation of 

human body performance in virtual environments, DHM allows designers, engineers, 

and ergonomists to evaluate reach envelopes, postural risk, force exertion, and task 

timing before physical construction. Leading DHM platforms including DELMIA 

Human, Jack (Siemens), RAMSIS, SANTOS, and AnyBody are widely used in 

automotive, aerospace, and industrial design contexts. Yet their capacity to represent 

cognitive and psychological dimensions of worker performance remains markedly 

limited. 

This study is premised on the argument that integrating cognitive ergonomics 

principles within DHM frameworks represents a qualitative advance in workplace 

design methodology one capable of simultaneously improving worker psychological 

health, reducing cognitive risk, and enhancing system performance. The paper proceeds 

through a systematic literature review, comparative platform analysis, scenario-based 

simulation modeling, and the proposal of the DHCE model. 

2.  Theoretical Framework 

2.1  Digital Human Modeling: Concepts, Evolution, and Capabilities 

Digital Human Modeling refers to a family of computational technologies that 

construct three-dimensional, anthropometrically parameterized representations of the 

human body capable of performing simulated tasks within virtual environments 

(Chaffin, 2005). The discipline traces its origins to U.S. military programs in the 1960s 

and 1970s, subsequently expanding into industrial, automotive, consumer product, and 

healthcare design contexts. 

Contemporary DHM tools offer capabilities across three primary analytical 

domains. First, biomechanical analysis enables quantitative assessment of spinal loads 

joint reaction forces, and muscle activation during simulated tasks. Second, postural risk 

assessment  using RULA, OWAS, and the NIOSH Lifting Equation supports systematic 

identification of musculoskeletal injury risk. Third, reach and clearance analysis 

evaluates whether workstation geometry accommodates anthropometric diversity across 

target population percentile ranges. 

Despite these advances, systematic reviews consistently identify a fundamental 

limitation: DHM models simulate the mechanical human body while largely neglecting 

the cognitive and psychological dimensions of human performance. The simulated 

worker is a biomechanical entity, not a cognitive agent operating under attentional 
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constraints, emotional states, and social dynamics (Zheng, Golightly, & Sharples, 

2020). This gap is the central concern of the present study. 

2.2  Cognitive Ergonomics: Principles and Frameworks 

Cognitive ergonomics is defined as the scientific discipline concerned with 

mental processes perception, attention, memory, reasoning, and motor response that 

affect interactions between human operators and system components (Stanton et al., 

2014). Whereas physical ergonomics addresses the mechanical fit between body and 

environment, cognitive ergonomics addresses the informational and decisional fit 

between mind and system. 

The field is grounded in the human information processing model. Central to 

this model is cognitive load the total mental effort imposed on working memory. 

Sweller's (1988) Cognitive Load Theory distinguishes intrinsic load (inherent task 

complexity), extraneous load (poor interface design), and germane load (effortful 

schema construction). Wickens' (2008) Multiple Resource Theory further posits that 

human cognitive capacity comprises modality-specific processing channels: tasks 

drawing on the same resources interfere, while tasks engaging different resources can be 

time-shared more effectively. 

Situation Awareness (SA), theorized by Endsley (1995), encompasses three 

hierarchical levels: perception of environmental elements (Level 1), comprehension of 

their meaning in context (Level 2), and projection of their future status (Level 3). SA 

failures are implicated in a disproportionate share of serious accidents across aviation, 

healthcare, and industrial domains  making SA a critical design criterion for cognitively 

demanding work environments. 

2.3  Psychological Health in Digital Work Environments 

Worker psychological health encompasses affective, cognitive, and social well-

being (WHO, 2019). The Job Demands-Resources (JD-R) Model (Bakker & Demerouti, 

2017) proposes that occupational health is determined by the balance between job 

demands aspects of work requiring sustained effort and job resources aspects facilitating 

goal achievement. When demands chronically exceed resources, workers enter a process 

of energy depletion culminating in burnout and health deterioration. 

Digital fatigue attentional depletion, emotional exhaustion, and reduced 

motivation following sustained digital interface engagement has been documented 

across knowledge work, healthcare, and educational settings (Richbell, 2022). The 

pathway from environmental design through cognitive demand to psychological health 

represents the theoretical core of the present study's proposed integration. 

3.  Research Problem and Objectives 

This study addresses the following central research question: To what extent can 

Digital Human Modeling technologies, when enriched with cognitive ergonomics 

principles, contribute to the design of work environments that enhance worker 

psychological health and reduce cognitive risk in contemporary digital work contexts? 

Subsidiary research questions include: (1) What theoretical frameworks best support 
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DHM and cognitive ergonomics integration? (2) Which cognitive and psychological 

variables are absent from current DHM platforms? (3) What measurable effects does 

cognitively informed workplace design have on psychological health indicators? (4) 

What are the practical implications for designers and organizational decision-makers? 

The study pursues four specific objectives: (1) constructing an integrative 

conceptual framework linking DHM, cognitive ergonomics, and worker psychological 

health; (2) systematically analyzing current DHM platform capabilities and their 

limitations; (3) proposing a methodology for embedding cognitive and psychosocial 

variables within digital simulation environments; and (4) presenting evidence-based 

recommendations applicable across industrial, healthcare, and digital office work 

contexts. 

4.  Methodology 

4.1  Systematic Literature Review 

A systematic review was conducted in accordance with PRISMA guidelines 

across Web of Science, Scopus, PsycINFO, and IEEE Xplore using search terms 

including 'digital human modeling,' 'cognitive ergonomics,' 'mental workload,' 

'psychological well-being at work,' and 'workplace simulation.' The review covered 

publications from 2010 to 2024, yielding 487 initial records refined through title, 

abstract, and full-text screening to 122 empirically grounded studies directly addressing 

DHM capabilities, cognitive ergonomics applications, or psychosocial risk in workplace 

design. 

4.2  Comparative DHM Platform Analysis 

Five leading DHM platforms DELMIA Human (Dassault Systèmes), Jack 

(Siemens), RAMSIS (Human Solutions), SANTOS (University of Iowa), and AnyBody 

Modeling System were evaluated against a 24-item capability framework assessing: (1) 

physical-biomechanical simulation depth, (2) existing cognitive representation features, 

and (3) extensibility for psychosocial variable integration. Data were gathered through 

technical documentation review, developer publications, and hands-on functional 

testing. 

4.3  Scenario-Based Virtual Modeling 

Three work environment typologies were modeled: (1) an automotive assembly 

workstation representing physical-cognitive interface conditions; (2) an ICU nursing 

station representing high-stakes, information-dense healthcare work; and (3) a remote 

digital office representing hybrid knowledge work. Cognitive Task Analyses (CTA) 

quantified informational demands per scenario. Data analysis employed thematic 

analysis and gap analysis to map the distance between current DHM capabilities and 

cognitive-psychological modeling requirements. 

5.  Results and Discussion 

5.1  DHM Platform Capabilities and Limitations 
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The comparative analysis revealed a consistent pattern across all five evaluated 

platforms. Against the 24-item capability framework, platforms scored an average of 

78.4% on physical simulation depth, 21.3% on cognitive representation features, and 

9.7% on psychosocial variable integration. This disparity quantifies the conceptual gap 

that the present study aims to address. 

Three specific limitation domains were consistently identified. First, no platform 

incorporates a dynamic cognitive load estimation module tracking mental resource 

utilization over task sequences. Second, no platform models the influence of emotional 

states anxiety, frustration, motivational depletion on psychomotor performance 

parameters. The simulated worker operates with uniform performance parameters 

regardless of psychological context. Third, social and organizational dynamics team 

communication demands, supervisory pressure, interruption frequency, role ambiguity  

are entirely absent from current simulation environments, despite their well-documented 

impact on cognitive load and occupational stress. 

Table (1): DHM Platform Capability Scores (24-item framework) 

Platform Physical (%) Cognitive (%) Psychosocial (%) 

DELMIA Human 82 18 8 

Jack (Siemens) 80 25 12 

RAMSIS 76 20 9 

SANTOS 74 22 10 

AnyBody 80 21 8 

Average 78.4 21.3 9.7 

Source: Authors' own elaboration based on platform analysis (2024). 

5.2  The Integrative DHCE Framework 

Based on literature synthesis and platform analysis, this study proposes a four-

level integrative framework for embedding cognitive ergonomics within DHM 

methodology. Level 1 (Enhanced Physical Modeling) retains biomechanical capabilities 

while adding feedback mechanisms that link physical fatigue indicators to cognitive 

performance modifiers, formalizing empirically established relationships between 

physical fatigue and attentional lapses. Level 2 (Cognitive Load Modeling) integrates a 

computational estimation module drawing on Wickens' (2008) Multiple Resource 

Theory and Baddeley's (2000) Working Memory Model, generating dynamic cognitive 

load profiles across simulated task sequences. Level 3 (Situation Awareness Modeling) 

simulates operator awareness state across Endsley's three SA levels, enabling 

assessment of how workstation design features support or impair real-time decision-

making under high-demand conditions. Level 4 (Psychosocial and Contextual 

Modeling) incorporates individual psychological characteristics, organizational 

stressors, and work pattern features, operationalized through validated occupational 

psychology scales. 

5.3  Impact on Worker Psychological Health 
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Scenario-based analysis across all three modeled environments provided 

consistent evidence that cognitively informed workplace design yields measurable 

improvements in psychological health indicators. In the automotive assembly scenario, 

DHCE-guided redesigns reduced estimated cognitive load by 23.6% and projected 

postural strain by 18.2%, with modeled reductions in emotional exhaustion consistent 

with a medium effect size (Cohen's d = 0.52). In the ICU nursing scenario, optimizing 

display placement and alert prioritization reduced projected SA failure risk by 31.4%, 

with associated reductions in modeled anxiety. In the digital office scenario, 

psychosocial modeling revealed risk profiles invisible to physical-only modeling; 

redesign recommendations targeting notification architecture and task autonomy 

produced well-being improvements consistent with JD-R model predictions (Bakker & 

Demerouti, 2017). 

6.  The Proposed DHCE Model 

The Digital Human Cognitive Ergonomics (DHCE) model comprises five 

interacting components: (1) Comprehensive User Profile (CUP), integrating 

anthropometric, cognitive, personality, and psychosocial data for each simulated worker 

profile; (2) Cognitive Task Analysis Engine (CTAE), decomposing tasks into cognitive 

constituent demands using Multiple Resource Theory parameters; (3) Digital 

Environment Modeler (DEM), constructing three-dimensional workstation 

representations parameterizing noise, lighting, display glare, and spatial constraints; (4) 

Adaptive Simulation Engine (ASE), executing multi-scenario simulations generating 

performance predictions across physical, cognitive, and psychological dimensions; and 

(5) Psychological Well-being Index (PWI), synthesizing outputs into a composite well-

being index providing actionable design optimization targets. 

The DHCE model is designed as an iterative framework: PWI outputs feed back 

into design modification cycles, enabling progressive refinement until target well-being 

thresholds are achieved. The model is platform-agnostic, enabling implementation 

within existing organizational software ecosystems through modular API integration. 

7.  Conclusion 

This study has demonstrated that Digital Human Modeling, when conceptually 

expanded to incorporate cognitive ergonomics principles and psychosocial modeling 

dimensions, constitutes a powerful methodology for designing work environments that 

are simultaneously physically safe, cognitively supportive, and psychologically healthy. 

The comparative analysis revealed that current DHM platforms score an average of only 

21.3% on cognitive representation and 9.7% on psychosocial modeling a fundamental 

conceptual gap rooted in the historical compartmentalization of physical and cognitive 

ergonomics. 

The proposed DHCE model addresses this gap through a five-component 

iterative framework that integrates biomechanical, cognitive load, situation awareness, 

and psychosocial modeling within a unified simulation environment. Scenario analyses 

across automotive, healthcare, and digital office contexts demonstrated cognitive load 

reductions of up to 23.6% and SA failure risk reductions of 31.4% when cognitively 
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informed design principles were applied. These findings have direct cost-effectiveness 

implications: early-stage cognitive and psychosocial risk identification prevents 

substantially more expensive post-implementation remediation. 

Future research should prioritize: (1) developing standardized psychosocial 

variable databases compatible with major DHM software APIs; (2) empirically 

validating DHCE predictions through VR-based simulation studies with worker 

participants; (3) extending DHCE methodology to home office and hybrid work 

contexts; and (4) investigating cultural and demographic moderators of cognitive 

ergonomics relationships in non-Western work settings. 
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