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ABSTRACT 

This study provides a practical framework for integrating advances in 
ergonomics into South African small and medium enterprises to enhance 
productivity. Informed by a comprehensive literature review and insights 
from the 2025 Applied Ergonomics Conference, the proposed three-
phase framework comprises an ergonomics intervention trigger checklist 
and related productivity metrics; an integration matrix aligned with ISO 
45001:2018 and ISO TR 12295:2014; and strategies to overcome adoption 
barriers. The framework incorporates participatory design, simplified 
assessment tools, and interventions such as wearable technologies. By 
addressing a gap in the research, this study offers a scalable, cost-
effective framework that is tailored to the resource-constrained small 
and medium enterprises’ environment. 

 OPSOMMING  

Hierdie studie bied 'n praktiese raamwerk vir die integrasie van 
vooruitgang in ergonomie in Suid-Afrikaanse klein en mediumgrootte 
ondernemings om produktiwiteit te verbeter. Gebaseer op 'n 
omvattende literatuuroorsig en insigte van die 2025 Toegepaste 
Ergonomie-konferensie, bestaan die voorgestelde driefase-raamwerk uit 
'n ergonomiese intervensie-sneller-kontrolelys en verwante 
produktiwiteitsmaatstawwe; 'n integrasiematriks wat in lyn is met ISO 
45001:2018 en ISO TR 12295:2014; en strategieë om 
aanvaardingshindernisse te oorkom. Die raamwerk inkorporeer 
deelnemende ontwerp, vereenvoudigde assesseringsinstrumente en 
intervensies soos draagbare tegnologieë. Deur 'n gaping in die navorsing 
aan te spreek, bied hierdie studie 'n skaalbare, koste-effektiewe 
raamwerk wat aangepas is vir die hulpbronbeperkte klein en 
mediumgrootte ondernemings se omgewing. 

 

 

 

 

1. INTRODUCTION 

SMEs is pivotal to South Africa’s economy, as they provide employment to about 60% of the labour force, 
and contribute an estimated 34% to the country’s gross domestic product (GDP) [1]. Despite their significant 
role, many South African SMEs grapple with difficulties such as low productivity, high incidences of 
workplace injury, and a limited capacity to implement systems that prioritise occupational health and 
safety. A critical yet often underused strategy to address these problems is the application of ergonomics. 
Ergonomics is defined a discipline that studies the interactions among humans and other elements of a 
system such as tools and machinery, and applies theoretical principles, data, and methods to design to 
enhance human well-being and overall system performance [2]. 

Traditionally, the adoption of ergonomic principles has been more prevalent among large corporations, 
primarily owing to their access to greater financial and technical resources [3]. In contrast, SMEs often 
perceive ergonomic interventions as costly and as secondary to their core business operations [4]. This 
perception contributes to suboptimal working conditions, increased absenteeism, and diminished 
productivity [5, 6]. 
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However, recent advances in the field of ergonomics have introduced innovative, cost-effective solutions 
that are scalable and adaptable to the unique contexts of SMEs. These innovations, highlighted at the 
Applied Ergonomics Conference 2025 [7], include affordable participatory design approaches, simplified 
ergonomics assessment, and wearable technologies that actively involve employees in creating safer and 
more efficient work environments [8, 9]. 

This study aims to develop a pratical framework to integrate recent ergononomics advances into South 
African SMEs to enhance productivity. This work bridges the gap in current research, as there is no practical 
framework for ergonomics to advance integration into South African SMEs. The following sections define 
the study: literature review, method, results and discussion, and conclusion. 

2. LITERATURE REVIEW 

2.1. Overview 

This section reviews the current literature and applied insights into the role of ergonomics in improving 
productivity in SMEs, with a focus on South Africa. It begins by exploring the evolution of ergonomics, and 
highlights recent advances in the field [10, 11]. South African SMEs face unique operational difficulties such 
as limited access to expertise, safety concerns, and infrastructure constraints, which ergonomic 
interventions may help to mitigate [12]. The review also examines the impact of ergonomics on 
productivity, while identifying persistent barriers to adoption in developing economies as well as 
productivity metrics [13]. By synthesising recent scholarly findings and real-world applications, this section 
lays the groundwork for understanding how ergonomic strategies may improve productivity in South African 
SMEs. 

2.2. Ergonomics: Historical context and contemporary advances 

2.2.1. Historical context 

The development of ergonomics as a scientific discipline reflects the evolving relationship between humans 
and work systems. Its roots lie in the Industrial Revolution. During the late 19th and early 20th centuries, 
the introduction of scientific management and of time-and-motion studies aimed to improve labour 
efficiency and reduce fatigue [14]. These efforts laid the groundwork for ergonomic thinking that was 
focused on optimising performance through structured task analysis. 

A significant leap forwards occurred during the two world wars, when the complexity of military equipment 
and high error rates in aviation and combat operations underscored the limitations of poorly designed 
interfaces. Alphonse Chapanis’s research into pilot errors revealed that intuitive design, not only operator 
skill, was critical to performance and safety [15]. His work led to foundational human factors principles 
being used in system design today. 

In 1949, the term “ergonomics” gained formal recognition with the founding of the Ergonomics Research 
Society in the UK. Over the decades that followed, the field expanded from physical ergonomics to 
encompass cognitive and organisational aspects such as systems that considered mental workload, job 
design, and workplace culture [16]. 

2.2.2. Contemporary advances 

Ergonomics has constantly evolved since the mid-20th century, incorporating technological innovations and 
methodological refinements to enhance workplace safety and efficiency. This section focuses on 
participatory design approaches, simplified ergonomics assessment tools, and wearable technologies. 

a. Participatory design approaches (PDAs): During the 1980s and 1990s, participatory ergonomics 
gained prominence, emphasising the active management commitment and involvement of workers 
in designing and implementing ergonomic solutions. This collaborative approach ensures that 
interventions are practically relevant and lead to improved safety outcomes, worker satisfaction, 
and overall productivity [17]. 

b. Simplified ergonomics assessment tools (SEATs): To facilitate widespread ergonomic assessments, 
tools such as ergonomics assessment have been streamlined. Introduced in the late 1990s and early 
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2000s, these tools allow to evaluate postural risks and to implement corrective measures in order 
to ensure improved work conditions with minimal investment of resources [18]. 

c. Wearable technologies (WTs): The 21st century has seen the advent of WTs in ergonomics. These 
devices are equipped with sensors that monitor workers’ movements and postures in real time, 
thus providing data to identify risk factors for musculoskeletal disorders. This innovation fosters 
proactive ergonomics interventions [19]. Table 8 provides a detailed overview of WTs. 

2.3. Ergonomics-related difficulties with productivity 

The recent literature has highlighted that poor ergonomic practices remain a significant barrier to 
productivity in South African SMEs. The problems stem from preventable physical stressors, inefficient task 
design, and organisational limitations that collectively diminish workforce performance. Studies have 
identified task inefficiency and human error, high absenteeism, equipment mismatch and poor workplace 
design, low worker engagement and morale, and high employee turnover and training costs as ergonomics-
related obstacles to productivity. 

2.3.1. Task inefficiency and human error 

According to Chindove and Lemmer [20], inefficient task design, caused by a lack of ergonomic integration, 
results in high error rates, decreased concentration, and longer task execution times. Their review 
underscores the compounding effect of fatigue and poor posture on operational accuracy and throughput 
[4]. 

2.3.2. Absenteeism and presenteeism 

A report by Deloitte South Africa [21] estimated that presenteeism costs the economy over R235 billion 
annually, amounting to roughly 4.2% of GDP, with mental health and ergonomic stressors playing a central 
role. Absenteeism from preventable ergonomic injuries also affects production schedules and delivery 
times, particularly in labour-intensive industries [21]. 

2.3.3. Equipment mismatch and poor workplace design 

Findings by Sinno and Ammoun [22] showed that non-adjustable and outdated equipment, which is 
prevalent in SMEs, impedes productivity by forcing workers into inefficient and injury-prone positions. Their 
study confirmed that ergonomic mismatch leads to increased microbreaks, slower cycle times, and reduced 
job satisfaction [22]. 

2.3.4. Low worker engagement and morale 

The Africa Employee Engagement Outlook [23] revealed that only 28% of South African employees feel 
highly engaged in their roles, with poor working conditions, particularly ergonomic discomfort, highlighted 
as a key demotivator [23]. 
 

2.3.5. High turnover and training costs 

Chinyamurindi and Mashavira [24] emphasised that poor ergonomic conditions are a driver of early turnover, 
especially among younger skilled workers in SMEs. They argued that the recurring costs of recruitment and 
training as a result of avoidable ergonomic stressors place undue financial strain on SMEs [24]. 

2.4. Ergonomics assessment tool 

Accurately identifying and addressing ergonomics-related productivity problems requires effective 
diagnostic tools, especially in resource-constrained environments such as South African SMEs. Ergonomics 
assessment tools offer structured approaches to evaluate the physical and cognitive demands of tasks, 
workstation configurations, and employee feedback [25-32]. These tools are presented in Table 1. 
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Table 1: Ergonomics assessment tools 

Tool Purpose Advantage Drawback 
Rapid entire body 
assessment (REBA) 
[25] 

Evaluates whole-body 
postural risks during job 
tasks. 

Quick scoring, 
visual, and requires 
no equipment. 

May oversimplify complex 
tasks; subjective scoring 
may vary between 
assessors. 

Rapid upper limb 
assessment (RULA) 
[26] 

Assesses upper body 
postures, especially in 
repetitive or seated work. 

Easy to use and 
interpret. 

Focuses only on upper 
limbs; not suitable for 
whole-body or dynamic 
tasks. 

National Institute for 
Occupational Safety 
and Health (NIOSH) 
lifting equation 
(simplified) [27] 

Estimates safe lifting 
limits based on task 
parameters. 

Visual charts and 
calculators make it 
accessible to SMEs. 

Requires accurate task 
measurements; limited 
scope for complex lifting 
scenarios. 

3D static strength 
prediction program 
(3DSSPP) [28] 

Analyses joint forces and 
postural strain during 
lifting or lowering. 

Graphical interface. May be highly technical 
for SMEs without 
ergonomics expertise. 

Workplace ergonomic 
risk assessment 
(WERA) [29] 

Assesses ergonomic risks 
across body regions and 
task factors. 

Visual risk scale and 
prioritisation 
features. 

Lacks standardisation; 
may need adaptation for 
different industries. 

Checklist-based tools 
[30; 31] 

Guides ergonomic 
walkthroughs and 
identifies workstation 
risks. 

Minimal training 
required; supports 
participatory 
ergonomics. 

Provides general guidance 
but lacks specificity; may 
miss subtle risk factors. 

Worker feedback 
surveys [32] 

Captures subjective 
reports of discomfort and 
fatigue from workers. 

Low cost and fosters 
employee 
engagement. 

Relies on subjective 
responses; may not 
identify root ergonomic 
causes. 

Drawing from Table 1, it is evident that no single tool is universally applicable. Instead, tools should be 
selected on the basis of task complexity, workforce characteristics, and available expertise. For instance, 
SMEs with limited technical capacity may favour checklist-based methods or worker feedback surveys, while 
more advanced organisations may employ biomechanical models such as 3DSSPP. 

2.5. Integration of ergonomic advances into SME operations 

This section presents a structured framework for integrating ergonomic practices into the operations of 
SMEs. Grounded in participatory ergonomics, lean thinking, and continuous improvement principles, and 
aligned with ISO 45001:2018 and ISO/TR 12295:2014 standards [30, 31], the framework outlines eight 
sequential steps, which range from securing management commitment to embedding ergonomics into the 
organisational culture. 

2.5.1. Management commitment 

The foundation of any ergonomic integration strategy is top-level management commitment. Leadership 
involvement ensures resource allocation, policy support, and alignment with organisational goals [33]. 
When leadership visibly supports ergonomic initiatives, employee buy-in increases and interventions are 
likely to succeed. However, several SME leaders may lack awareness of ergonomics or perceive it as a non-
essential cost, which would limit its prioritisation [10]. 

2.5.2. Ergonomics awareness training 

Training programmes enhance organisational knowledge of ergonomic risks and solutions. They empower 
staff to recognise early warning signs of strain and to participate in mitigation strategies. This results in a 
proactive workforce, which is able to identify and resolve ergonomic issues autonomously. On the downside, 
training requires time and financial investment, which are often seen as burdensome for SMEs operating 
under resource constraints [13]. 
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2.5.3. Workplace assessment 

Using ergonomics assessment tool allows for the systematic identification of postural and biomechanical 
risks [18]. These tools are suitable for SMEs owing to their cost-effectiveness. However, they may not 
capture dynamic or psychosocial factors that influence ergonomic risk [35]. 

2.5.4. Employee participation 

Active employee involvement fosters ownership and ensures that ergonomic solutions are relevant to actual 
work conditions. This participatory approach improves the practicality and sustainability of interventions. 
However, achieving consistent participation can be difficult, especially in SMEs where employees are spread 
across multiple roles or functions [17]. 

2.5.5. Identification of risk factors 

Identifying ergonomic risk factors such as repetitive motions, awkward postures, and excessive force is 
essential for developing targeted interventions. Modern techniques, such as WTs, allow for precise 
identification [36]; however, the granularity of the data may overwhelm SMEs that lack in-house expertise 
to interpret and act on the findings [37]. 

2.5.6. Implementation of ergonomic interventions 

Once risks are identified, SMEs can introduce interventions such as workstation redesign, tool modifications, 
or schedule changes. These changes have been shown to reduce injury rates and improve operational 
efficiency [27]. However, implementation may require capital investment or process restructuring, which 
can be perceived as disruptive or unaffordable for SMEs [18]. 

2.5.7. Monitoring and evaluation 

Continual monitoring ensures that interventions remain effective and adapt to evolving work conditions. 
Feedback mechanisms can highlight unintended consequences or new risks [5]. However, SMEs may struggle 
with data collection and long-term tracking because of limited administrative capacity and their 
prioritisation of short-term outputs [37]. 

2.5.8. Continuous improvement 

Ergonomics becomes effective when integrated into an organisational culture of continuous improvement. 
Iterative refinements allow for the gradual evolution of safe and productive work practices [33]. 
Nonetheless, without formal feedback and learning systems, continuous improvement efforts may stagnate, 
especially in SMEs without established quality or safety programmes [11]. 

2.6. Alignment of advances in ergonomics and integration steps 

Table 2 provides a structured alignment of recent advances in ergonomics, namely participatory design, 
SEATs, and WTs and the corresponding integration steps. This alignment reinforces the practical value of 
each innovation by linking it to specific stages in ergonomic implementation, from initial management 
commitment to continuous improvement. Table 2 shows that management commitment, employee buy-in, 
and continuous improvement are critical for participatory design. Training, assessment, and early-stage 
risk identification are critical to support the use of assessment tools. Last, the effective implementation 
of WTs should be monitored and evaluated to foster continuous improvement.  

2.7. Evaluating impact of ergonomics on SME productivity 

Table 3 presents a practical evaluation of the impact of ergonomic interventions on productivity in SMEs. 
Drawing on 10 real-world case studies, the analysis shows that ergonomic enhancements, ranging from 
workstation redesigns to participatory risk assessments, consistently lead to measurable gains in efficiency, 
quality, safety, worker satisfaction, and overall productivity. Each case illustrates how addressing specific 
ergonomic challenges results in tangible productivity benefits. 
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 Table 2: Alignment of ergonomic advances with integration steps 

Advances Integration steps Alignment 

Participatory 
design 

Management 
commitment 

Engaging leadership in participatory processes demonstrates 
commitment and secures buy-in for ergonomics-driven change 
[17, 33, 11] 

Employee 
participation 

Workers co-develop solutions, enhancing relevance, feasibility, 
and ownership of ergonomic interventions [10, 22] 

Continuous 
improvement 

Participatory feedback loops encourage iterative enhancement 
of ergonomics practices [36] 

Simplified 
ergonomics 
assessment tool 

Employee training 
assessment 

Training builds internal capacity to recognise ergonomic risks 
independently [25, 13] 

Workplace 
assessment 

Low-cost, easy-to-use tools allow SMEs systematically to 
identify posture and task-related risks [26, 29, 34] 

Risk identification Assessment tools provide structured data to prioritise high-risk 
tasks and workspaces for ergonomic intervention [27, 37] 

Ergonomics 
intervention 

Implementation WTs support real-time ergonomic interventions, such as alerts 
for poor posture or excessive force exertion [19, 8, 9] 

Monitoring and 
Evaluation 

Continuous data collection via sensors enables ongoing 
assessment of intervention impact and risk factor recurrence 
[19, 7] 

Table 3: Case studies of ergonomic impact on SME productivity 

Industry Challenge Ergonomic Intervention Outcome 

Furniture 
manufacturing  

Operator fatigue 
and long task cycles 

Workstation redesign and 
task rotation 

Improved comfort and reported 
reduction in fatigue; cycle time 
also reduced (qualitative) [38] 

Architectural 
design 

Eye strain and 
musculoskeletal 
discomfort 

Adjustable LED lighting 
and ergonomic seating 

Enhanced design quality and 
qualitative decrease in 
discomfort [24] 

Automotive 
manufacturing 

Assembly delays 
because of poor 
layout 

Lean cell layout and 
height-adjustable 
workbenches 

Reported increase in efficiency 
of between 8% and 12% [39] 

Poultry feed 
manufacturing 
industry 

Repetitive strain 
from awkward 
postures 

RULA/REBA analysis and 
desk redesign 

30% reduction in discomfort, 
20% faster task performance 
[40] 

Battery 
manufacturing 

Back strain from 
manual handling 

Anti-fatigue mats and 
adjustable shelving 

25% increase in efficiency, 40% 
reduction in back complaints 
[7] 

Lighting products 
manufacturing 

Hand injuries and 
visibility issues 

LED lighting and cut-
resistant gloves 

35% fewer hand injuries, 15% 
better precision [41] 

Textile and 
fashion 

Defects and fatigue 
caused by layout 

Workstation 
reorganisation and visual 
aids 

20% fewer defects, 25% faster 
sewing [42] 

Optical 
equipment 

Discomfort from 
microscope setup 

Height-adjustable stands 
and ergonomic seating 

Improved throughput; 40% 
reduction in discomfort 
(qualitative) [43] 

Chemical testing Fatigue from 
repetitive pipetting 

Ergonomic pipettes and 
adjustable chairs 

25% more accurate results, 30% 
less upper limb fatigue [44] 

Fabric production Misalignment and 
fatigue in assembly 

Ergonomic fixtures and 
improved grips 

Qualitative improvement in 
accuracy and speed [45] 
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2.8. Barriers to adoption in developing economies 

The adoption of ergonomic principles in SMEs in developing economies is often constrained by a complex 
interplay of economic, institutional, and operational factors. This section reviews barriers identified in the 
South African SME environment. 

2.8.1. Limited financial resources 

Cost remains the most frequently cited barrier to ergonomic adoption. Many SMEs operate on constricted 
margins and prioritise immediate survival over long-term investments such as ergonomic improvements. 
Voon et al. [10] found that, in most SMEs, ergonomic tools, training, and workplace redesigns are perceived 
as non-essential expenses despite their long-term return on investment. The upfront cost of equipment is 
often unattainable without external support or subsidies. 

2.8.2. Lack of ergonomic awareness 

A major non-monetary barrier is the lack of awareness and understanding of ergonomics in SMEs. As noted 
by Esterhuyzen [13], many SMEs are unfamiliar with the concept of ergonomics or view it as a “luxury” 
concern for larger organisations. This knowledge gap results in a lack of internal motivation to seek 
improvements or to recognise the linkage between workplace design and productivity. 

2.8.3. Insufficient training and expertise 

Even when awareness exists, the absence of skilled personnel to assess and implement ergonomic solutions 
is a significant obstacle. Hasle and Limborg [35] argued that SMEs rarely employ full-time safety or 
ergonomics officers, relying instead on general managers or supervisors without formal training. 

2.8.4. Organisational cultural perceptions and resistance to change 

Organisational cultural attitudes in SMEs may also hinder the adoption of ergonomic practices. Change may 
be perceived as disruptive or unnecessary, particularly if older work habits have become normalised. Legg 
et al. [37] emphasised that, in environments where survival is prioritised over efficiency, resistance to 
innovation can block even low-cost ergonomic interventions. 

2.8.5. Inadequate government support 

The absence of targeted government policies or financial incentives to promote ergonomics in SMEs is 
another barrier. While occupational safety laws exist, they often lack ergonomics-specific enforcement or 
funding mechanisms. Esterhuyzen [13] noted that ergonomic awareness campaigns and compliance support 
are limited in developing countries such as South Africa, particularly outside urban centres. 

2.8.6. Limited access to technology 

SMEs in developing economies frequently lack access to technology that supports modern ergonomic 
interventions. Voon et al. [10] observed that such tools have become critical for advanced ergonomic 
applications, but remain inaccessible to most SMEs because of cost, inadequate infrastructure, or lack of 
technical literacy. 

2.8.7. Weak regulatory enforcement 

Even when regulations exist, enforcement is often inconsistent. SMEs may not face consequences for non-
compliance with ergonomic standards or those outlined in the Occupational Health and Safety (OHS) Act 85 
of 1993 and in ISO 45001:2018. Legg et al. [37] stressed that weak institutional oversight reduces the 
perceived importance of ergonomics. 
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2.8.8. Competing operational priorities 

Last, SME owners often focus on survival-oriented tasks such as securing contracts, paying wages, and 
managing cash flow. As a result, ergonomic improvements are deprioritised. Hasle and Limborg [35] found 
that day-to-day firefighting overrides long-term planning in SMEs. 

2.9. Productivity metrics for ergonomic intervention evaluation 

In the context of this study, productivity metrics serve as indicators of changes in work performance, 
efficiency, and employee well-being that result from ergonomic interventions. Integrating these metrics 
into the proposed ergonomic framework should enable the systematic monitoring of interventions. Table 4 
presents a summarised list of quantitative and qualitative metrics. 

Table 4: Quantitative and qualitative productivity metrics [38, 40-45] 

Metric type Productivity metric Description 

Quantitative Cycle time Time required to complete a task 

Output rate Number of units produced per time unit 

Error rate Defect rate per unit produced 

Absenteeism and turnover Absenteeism and staff turnover rate 

Qualitative Employee satisfaction Reported job related satisfaction and task manageability 

Self-reported productivity Workers’ perceived productivity 

Table 4 above presents quantitative and qualitative productivity metrics that have been adapted from the 
literature and been used in various industries in the South African SME landscape. Moreover, productivity 
metrics should be aligned with the ergonomics-related productivity problem that needs to be addressed in 
order to achieve an effective intervention. 

2.10. Summary 

The literature reveals that ergonomics has evolved from its early roots in industrial efficiency and military 
safety to a multidisciplinary science that encompasses physical, cognitive, and organisational elements. 
Contemporary advances such as participatory design, simplified assessment tools, and WTs have expanded 
the reach and effectiveness of ergonomic practice. These innovations have become increasingly adaptable 
to resource-constrained environments, making them relevant to South African SMEs. 

The integration of ergonomic practices into SME operations has shown positive outcomes in multiple case 
studies. Whether through workstation redesigns, layout changes, or tool adjustments, ergonomic 
interventions have led to measurable improvements in productivity. Despite their economic importance, 
South African SMEs often operate under intense constraints, making long-term investments in workplace 
optimisation difficult regardless of the benefits of ergonomic interventions. 

Significant barriers also hinder the widespread adoption of ergonomics in developing economies. These 
include limited financial resources, lack of awareness, insufficient training, resistance arising from the 
existing organisational culture, and weak regulatory frameworks. Even when the ergonomic benefits are 
clear, SMEs often prioritise short-term survival over long-term improvements. This situation is further 
complicated by the lack of targeted government support and accessible technology. To overcome these 
constraints, this study proposes an eight-step ergonomic integration framework that incorporates 
measurable productivity metrics. This method offers a pragmatic pathway for embedding ergonomics 
advances – namely, participatory design, simplified assessment tools, and WTs in SMEs operations. The next 
section describes the proposed framework. 

3. METHOD 

3.1. Overview 

This section presents a literature-based approach to integrating ergonomic innovations into South African 
SMEs. The framework involves three ergonomics interventions – namely, the WTs to enable real-time 
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monitoring and reduce ergonomic risks; SEATs tailored for ease of use and low-resource settings; and PDAs 
that engage workers in developing and improving practical context-specific solutions. 

3.2. Research approach 

This study followed a qualitative conceptual research approach. Building on the literature review, the 
research developed a structured framework that would enable South African SMEs to adopt ergonomic 
solutions that are scalable, cost-effective, and locally relevant. 

3.3. Material 

3.3.1. Ergonomics-related difficulties with productivity 

The literature identifies several ergonomics-related problems that directly hinder productivity in SMEs – 
see section 2.3 above. The presence of one or more of these conditions should serve as a trigger for 
initiating ergonomic interventions, as they may impair operational performance and workforce 
sustainability. 

3.3.2. Productivity metrics 

Productivity metrics should be clearly defined and relevant data collected prior to the intervention in order 
to establish a baseline to evaluate the effectiveness of the intervention – see Section 2.8. 

3.3.3. Barriers to ergonomics adoption 

The literature indicates that the implementation of ergonomic interventions and advancements in South 
African SMEs is significantly hindered by several interrelated barriers – see Section 2.7. The proposed 
framework should systematically address these barriers. 

3.3.4. Ergonomics integration process 

The literature suggests that an effective integration of ergonomic interventions in SMEs should follow a 
structure, such as that presented in Section 2.5. These steps should enable both ergonomic innovations and 
established standards. 

3.4. Framework development process 

The framework focuses on translating ergonomic innovations into actionable strategies that are suited to 
resource-constrained environments – see Figure 1. While the integration process and adoption barriers have 
been included in the proposed framework, the ergonomics-related difficulties with productivity should 
serve as a map to identify potential areas of concern and to select and/or adapt productivity metrics to 
evaluate the intervention’s effectiveness. 

Step 1 A - Management commitment: The foundation of ergonomic integration is strong leadership 
support. The framework begins with securing management commitment. The financial constraint and 
competing operational priorities are barriers to be overcome. 

Step 1 B - Employee participation: Employees have first-hand knowledge of operational inefficiencies and 
ergonomic hazards. Their involvement through participatory design workshops and feedback sessions 
ensures that solutions are both relevant and accepted. The organisational cultural perceptions and 
resistance to change are barriers to be overcome. 

Step 2 - Ergonomics awareness training: Limited knowledge of ergonomics is a major constraint in South 
African SMEs. This step introduces tailored training sessions to build a shared understanding of ergonomic 
principles, assessment tools, risk factors, and practical benefits. The lack of ergonomics awareness and 
insufficient expertise are barriers to be overcome. 

Step 3 - Workplace assessment: This step involves evaluating high-risk tasks and environments using 
assessment tools. SMEs often operate with outdated or poorly designed equipment and spaces, leading to 
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avoidable productivity losses. The limited access to technology and insufficient expertise are barriers to be 
overcome. 

Step 4 - Identification of risk factors: This step consolidates data from assessments and from workers’ 
input to prioritise ergonomic risks that most affect productivity. Risk factors are classified and ranked to 
guide intervention planning. The limited financial resources and limited access to technology are barriers 
to be overcome. 

Step 5 - Implementation of ergonomic interventions: Selected solutions such as WTs are introduced 
through a phased rollout. Emphasis is placed on cost-effective and scalable devices that fit SME budgets – 
see Table 8. The limited financial resources and limited access to technology are barriers to be overcome. 

Step 6 - Monitoring and evaluation: This step monitors defined metrics to evaluate the intervention impact 
- see section 2.8. Continuous data collection ensures that progress is tracked and adjustments are made as 
needed. Weak regulatory enforcement and conflicting operational priorities are barriers to be overcome. 

Step 7 - Continuous improvement: This final step reinforces an organisational culture of ongoing 
evaluation, worker feedback, and innovation. It encourages SMEs to make ergonomics part of their regular 
operational reviews, thus sustaining their long-term productivity gains. Inadequate government support 
and organisational cultural perceptions and resistance to change are barriers to be overcome. 

 

Figure 1: Proposed ergonomics intervention framework 

3.5. Summary 

This study used a qualitative, literature-driven approach to develop a practical framework for integrating 
ergonomics into South African SMEs. It focuses on three ergonomics interventions: WTs, SEATs, and PDAs. 
Ergonomics-related productivity problems such as task inefficiency, absenteeism, and poor workplace 
design are addressed alongside adoption barriers such as financial constraints, lack of awareness, and 
organisation cultural resistance to change, and are integrated in the proposed framework. Moreover, this 
framework incorporates measurable metrics that can be adapted to the business circumstances to evaluate 
the intervention’s effectiveness. The proposed framework provides a practical tool to embed ergonomic 
practices and to enhance productivity in South African SMEs.  
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4. RESULTS AND DISCUSSION 

4.1. Overview 

This section presents the developed framework and discusses its relevance to addressing ergonomics-
related productivity problems in South African SMEs. In addition, it provides practical steps to overcome 
the identified ergonomics adoption barriers. This framework comprises an ergonomics intervention trigger 
checklist and related productivity metrics, integration matrix, and resources to overcome adoption 
barriers. 

4.2. Proposed framework for integration of ergonomic advances 

4.2.1. Ergonomic intervention trigger factors 

For SMEs, resource constraints often require a reactive approach to workplace improvements. However, 
understanding and recognising specific ergonomic intervention triggers may help SMEs to act preemptively 
to prevent losses in productivity before they escalate. Table 5 outlines five triggers that should prompt 
ergonomic interventions in the South African SME environment. These triggers are aligned with related 
productivity metrics. It is worth noting that this study identified five triggers based solely on the scope of 
the study. 

Table 5: Ergonomic intervention triggers and aligned metrics 

No Ergonomics-related productivity problem Productivity metrics 

1 Task inefficiency and human error Cycle time, output rate, error rate 

2 Absenteeism and presenteeism Absenteeism and turnover, 
self-reported productivity 

3 Equipment mismatch and poor workplace design Cycle time, output rate, 
error rate 

4 Low worker engagement and morale Employee satisfaction, 
self-reported productivity 

5 High turnover and training costs Absenteeism and turnover, 
employee satisfaction 

4.2.2. Integration matrix 

The integration matrix, presented in Table 6, is a practical tool that is designed to guide the systematic 
integration of ergonomic principles into South African SMEs, with specific alignment with ISO 45001:2018 
and ISO TR 12295:2014 standards [30, 31]. It supports organisations in embedding ergonomic practices. As 
shown in Figure 1, from initial management commitment through to continuous improvement, the matrix 
ensures that actions are participatory, risk informed, and performance driven. 

The integration matrix is organised into three stages: participatory design, simplified ergonomics 
assessment tools, and ergonomic interventions. Each phase aligns with the steps of ergonomic integration, 
along with designated fields to capture information such as responsibility, timelines, findings, approvals, 
and corrective actions. 
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Table 6: Proposed detailed ergonomic implementation matrix
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4.3. Addressing adoption barriers in South African context: Wearable technologies 

The implementation of WTs in South African SMEs is constrained by a wide range of barriers. Table 7 
presents these barriers along with tailored resolutions that are grounded in the South African context. 

Table 7: Overcoming barriers to ergonomics adoption in South African SMEs 

Adoption 
barriers 

Approaches Available resources 

Limited 
financial 
resources 

Prioritise low-cost wearable options; 
phased implementation; explore SME 
funding or pooled procurement. 

Productivity South Africa (Productivity 
SA) grants; Industrial Development 
Corporationfunding; SME incubators; 
Deutsche Gesellschaft für Internationale 
Zusammenarbeit ; International Labour 
Organization initiatives. 

Lack of 
ergonomic 
awareness 

Conduct internal awareness sessions 
using relatable SME case studies; 
integrate into toolbox talks. 

Council for Scientific and Industrial 
Researchmaterials; National Cleaner 
Production Centre webinars; Applied 
Ergonomics Conference (AEC) 2025 
resources; SME-focused OHS guides. 

Insufficient 
training and 
expertise 

Partner with Sector Education and 
Training Authorities (SETAs), Technical 
and Vocational Education and Training 
(TVET) colleges, or non-governmental 
organisations for accessible training; 
leverage online learning platforms. 

Manufacturing, Engineering and Related 
Services SETA (merSETA) training; 
Employment Services of South Africa 
webinars; Department of Labour 
publications; TVET e-learning tools. 

Cultural 
perceptions and 
resistance to 
change 

Apply participatory design; include 
workers early in the process; share 
success stories to reduce scepticism. 

Employee suggestion boxes; safety reps; 
design workshops; anonymous feedback 
channels. 

Inadequate 
government 
support 

Collaborate with industry bodies; 
present case studies to advocate for 
incentive programmes. 

Business chambers; National Business 
Initiative  Business Unity South Africa  
dvocacy groups; safety and innovation 
forums. 

Limited access 
to technology 

Use portable and low-tech wearables; 
explore device leasing or shared tech 
programmes. 

Basic posture sensors; open-source tools; 
partnerships with innovation hubs. 

Weak regulatory 
enforcement 

Adopt ISO 45001 practices internally; 
set voluntary goals and use self-audits. 

Voluntary ISO templates; internal audits; 
key performance indicatorsaligned with 
ISO 45001. 

Competing 
operational 
priorities 

Integrate ergonomics into lean or 
quality programmes; link to cost 
savings and efficiency. 

Lean six sigma; Kaizen models; SME 
benchmarking case studies. 

4.4. Discussion 

The integration of ergonomics into South African SMEs has long been difficult owing to constraints such as 
limited resources, low awareness, and resistance to change. The proposed three-phase framework 
comprises the identification of intervention triggers aligned with the related productivity metrics, an 
integration matrix, and resources to overcome adoption barriers. Each component plays a pivotal role in 
guiding SMEs from reactive problem-solving to proactive and sustainable ergonomic improvement. 

The first phase focuses on identifying specific ergonomic intervention triggers. These triggers, such as high 
absenteeism, low morale, or high training costs, are warning signs of deeper inefficiencies that could erode 
productivity further. The trigger factors are aligned to productivity metrics that may be adapted to various 
industries. Furthermore, the five trigger factors reflect the operational realities of South African SMEs. 
While this list is not exhaustive, it offers a practical foundation for decision-makers to initiate interventions 
before productivity losses escalate. 
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The second phase is operationalised through the integration matrix, which is the core of the framework. 
The matrix is aligned with ISO 45001:2018 and ISO TR 12295:2014 to ensure that the approach is not only 
practical but also globally recognised. Each phase in the matrix – participatory design, simplified 
ergonomics assessment tools, and ergonomics interventions – is designed to ensure that actions are: 

• Participatory, involving employees in both identifying issues and co-developing solutions; 

• Risk-informed, using validated tools such as REBA, RULA, and WERA; 

• Performance-driven, with measurable outcomes and built-in feedback loops. 

The matrix acts as a plug-and-play template that guides the organisation through implementation without 
requiring extensive expertise. 

Even with the best design, implementation can stall unless it addresses the barriers to the adoption of 
ergonomics. The third phase of the framework focuses on contextually relevant resolutions to the common 
systemic and organisational obstacles in South African SMEs. 

Table 7 presents these barriers, from limited financial resources to cultural resistance, alongside tailored 
solutions and locally available resources, such as Productivity SA grants, SETA training, and AEC 2025 
materials. 

Moreover, by linking ergonomics to existing SME priorities such as Lean and quality improvement, the 
framework positions ergonomics not as a compliance burden but as a productivity enabler. 

In sum, the proposed framework offers a practical, phased pathway for SMEs to adopt ergonomics in a way 
that is realistic, participatory, and scalable. It begins with clear intervention triggers and metrics, 
transitions into structured implementation, and addresses adoption barriers with real-world support 
mechanisms. 

5. CONCLUSION 

This study addressed a critical gap in the productivity landscape of South African SMEs by proposing a 
practical framework for the integration of recent advances in ergonomics. Drawing on a comprehensive 
literature review, insights from the Applied Ergonomics Conference 2025, and established ISO standards, 
the study developed a three-phase framework encompassing (i) ergonomic intervention trigger 
identification and related metrics, (ii) an integration matrix, and (iii) strategies to overcome adoption 
barriers. 

By identifying triggers for ergonomic intervention, the framework enables SMEs to act preemptively rather 
than reactively. To enable effective evaluation of the impact of ergonomic interventions on productivity, 
adaptable metrics, drawn from the literature, have been aligned with the triggers. These metrics include 
cycle time, output rate, and error rate, which may be useful to assess task efficiency and operational 
accuracy as well as absenteeism and turnover rates, all of which may serve as indicators of workforce 
stability. In addition, employee satisfaction and self-reported productivity may offer valuable qualitative 
insights into worker engagement and perceived performance. 

The integration matrix offers a structured, step-by-step pathway for embedding ergonomics in core business 
processes. Organised to use participatory design, simplified assessment tools, and WTs, the matrix supports 
the systematic implementation, evaluation, and continuous improvement of ergonomic interventions. It is 
aligned with ISO 45001:2018 and ISO TR 12295:2014 principles to ensure both international relevance and 
local adaptability. 

Furthermore, the study engaged directly with the contextual realities of South African SMEs by mapping 
out specific organisational and regulatory barriers to the adoption of ergonomics. The framework’s third 
phase responds to these barriers with tailored resolutions and accessible resources, which range from local 
funding mechanisms and training programmes to participatory design tools and technology-sharing models. 

Ultimately, this research should contribute a practical, scalable, and context-sensitive framework that 
empowers South African SMEs to enhance their productivity through ergonomic innovation. It challenges 
the prevailing notion that ergonomics is a luxury reserved for large enterprises, showing instead that, even 
in resource-constrained environments, ergonomics can be a strategic enabler of sustainable growth. This 
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research bridges the gap in research by providing a practical framework for integrating ergonomics 
advances into South African SMEs. 

6. LIMITATION OF THE STUDY 

The following research shortcomings have been identified: 

• The study relied solely on secondary data. 

• This framework has not been tested in practice in the South African SME environment. 

• The framework remains general, and is not tailored to specific industries. 

7. FUTURE RESEARCH 

The following areas for future research have been identified: 

• The framework should be validated through case studies or pilot implementation in South African 
SMEs. 

• The framework should be tailored to specific industries. 
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Table 8 – Wearable technology details 
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