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ABSTRACT

Electric pallet trucks (EPTs) are commonly subsidized as job accommodation measures
to reduce physical workload associated with material-handling tasks among aging
workers. This retrospective study examined perceived post-intervention outcomes
among 91 workers aged 45 years and older who received EPT subsidies through a
government-funded job accommodation program in Taiwan. Perceived outcomes
were assessed three months after implementation using a six-item self-report scale
capturing problem-solving effectiveness, productivity, work autonomy, work quality,
comfort/safety, and ease of use. Fixed-effects regression analyses revealed item-
specific associations between worker characteristics and perceived outcomes.
Increasing age was negatively associated with perceived improvement in problem-
solving effectiveness. Educational level showed differentiated associations across
outcome domains, with lower educational attainment associated with greater perceived
improvementin problem-solving effectiveness but lower perceived gains in productivity
and work quality, while higher educational attainment was positively associated with
perceived improvement in work autonomy. Manufacturing industrial workers reported
significantly greater perceived improvements in productivity and work quality than
workers in other job categories. Partial least squares structural equation modeling
further demonstrated that perceived intervention effectiveness played a central
role in linking EPT-based job accommodation to perceived improvements in work
performance, whereas perceived usability did not show a significant direct association
with intervention effectiveness. These findings indicate that the perceived benefits of
EPT interventions are item-specific and strongly shaped by worker characteristics,
job roles, and task contexts, underscoring the importance of aligning assistive-device
provision with essential job demands rather than adopting uniform job accommodation
approaches for aging workers.
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INTRODUCTION

Work-related musculoskeletal disorders (WMSDs) remain one of the most
common occupational health problems worldwide, and are strongly linked
to cumulative physical exposures at work, including repetitive movements,
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forceful exertions, awkward and sustained postures, and manual material
handling (Vieira and Kumar, 2004; Govaerts et al., 2021). Evidence from
Europe’s secondary industries in the 21st century indicates that WMSDs
are highly prevalent, with substantial proportions of workers reporting
musculoskeletal symptoms over a 12-month period, underscoring a persistent
burden in manufacturing and related sectors (Govaerts et al., 2021).
Complementing this, ergonomics research and workplace assessments have
repeatedly shown that the occurrence and perceived severity of musculoskeletal
discomfort also depend on exposure duration, which collectively shapes risk
accumulation over time (Vieira and Kumar, 2004; Govaerts et al., 2021).
Musculoskeletal health has been recognized as a key prerequisite for healthy
aging at work, and age-related functional and biological changes may
reduce physical capacity and recovery, thereby increasing vulnerability to
WMSDs, and threatening the sustainable work ability of middle-aged and
older workers (Okunribido et al., 2010; Skamagki et al., 2022). Empirical
findings further suggest that musculoskeletal symptoms can be meaningfully
connected to work ability, especially in middle-aged groups, highlighting
the importance of preventive strategies that support continued employment
(Nawrocka et al., 2019).

High-risk work patterns for WMSDs commonly involve tasks with frequent
trunk flexion and rotation, heavy or frequent lifting, and prolonged static
or constrained postures (Vieira and Kumar, 2004; Tahernejad et al., 2024).
For example, warehouse operations rely more on manual handling and may
entail more time spent in extreme trunk posture (e.g., trunk flexion >75°)
during lifting activities, whereas even highly mechanized systems can still
expose workers to poor postures (e.g., rotation or lateral flexion) driven by
equipment use and layout of the object to be moved or handled; this evidence
emphasizes that mechanization alone does not guarantee lower biomechanical
risk if ergonomic design is insufficient (Braam et al., 1996; Chowdhury et al.,
2018; Vieira and Kumar, 2004). Accordingly, prevention should follow the
hierarchy of controls—prioritizing engineering and work-design solutions
to reduce exposure at the source, complemented by administrative measures
and worker-focused programs (e.g., training, physical activity promotion)
when appropriate (Silverstein and Clark, 2004).

The Manual (Hydraulic) Pallet Truck (MPT), a work assistive device
frequently used in occupations that involve warehouse management, has been
shown to reduce the repetitive physical strain on the body from manual lifting
and carrying (Braam et al., 1996), and therefore reduces risk of WMSD in the
back, knees and upper limbs when moving multiple loads. The Electric Pallet
Truck (EPT) is equipped with a motor, and the required push/pull force for
the driver is near zero. Therefore, it is reasonable to hypothesize that workers
using EPTs may experience better work performance. Subsidies for such
workplace assistive devices are an important current policy of our country’s
labor authority in response to workforce aging. The primary objective of
this policy is to maintain workers’ musculoskeletal health in the workplace,
thereby building a sustainable and resilient workforce. This policy has been
implemented for many years and requires robust empirical research evidence
to support its continued promotion, evaluation, and ongoing refinement.
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The purpose of this study was therefore to examine the objective perception
of the use of EPTs of workers aged over 45 years working in traditional
industries (de Looze et al., 2015; Yin et al., 2021).

METHOD

A total of 91 workers (54 males and 37 females), aged 45-74 years, with §
to 440 months of experience in their current positions, were included in this
study. Those participants were randomly sampled from the administrative
database of a government-funded Job Accommodation Program (JAP)
implemented under the Middle-Aged and Elderly Employment Promotion
Act in Taiwan. The JAP Project provides subsidies for workplace assistive
devices aimed at helping middle-aged and older workers overcome work-
related barriers and maintain labor participation. All the participants in
this study applied only for EPT subsidies to reduce horizontal load moving,
decrease manual pushing and pulling demands during pallet transport, and
lessen exposure to awkward or sustained postures associated with using
MPTs (see Fig. 1).

Before JAP (Hydraulic Pallet Truck) | After JAP (Electric Pallet Truck
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Figure 1: Workplace material-handling tasks before and after the implementation of
electric pallet trucks (EPTs).

The sampled workers were employed in labor-intensive jobs in
manufacturing and other related secondary industries. Their primary
job demands frequently involved manual material handling, particularly
horizontal material or merchandise transport and trunk or pallet moving
tasks, with reported handled load weights ranging from 20 to 2,000 kg, as
well as other physically demanding activities. Employers of the included
workers applied for JA subsidies through local employment service centers
in accordance with the enforcement procedures of the national JAP. Details
of participant characteristics are presented in Table 1.

Following the submission of employer applications, individualized
workplace assessments were conducted by qualified human factors and
ergonomics professionals. These assessments focused on identifying task-
specific barriers, high-load subtasks, and physical workload risk factors,
including high force exertion, frequent pushing and pulling, prolonged
awkward postures, and cumulative exposure during material transport
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tasks. Based on the assessment findings and the specific job demands at each
workplace, a tailored accommodation plan was proposed and reviewed for
subsidy approval. The expenses incurred for the purchase of assistive devices
shall be reimbursed upon submission of valid receipts by the employer to the
regional branch of the Workforce Development Agency having jurisdiction
over the company’s location of registration.

Effectiveness of the JAP was evaluated three months after implementation
of the assistive device, using an official structured self-report questionnaire
to capture users’ perceived experiences of usefulness. The questionnaire
consists of six items which are rated on a 0-100 scale, with higher scores
indicating better perceived effectiveness of the assistive-device intervention.
The scale consisted of three dimensions: (1) Effectiveness, assessing the
extent to which the device solved work-related problems and improved
work output quality; (2) Work Performance, assessing perceived changes
in efficiency or productivity and autonomy at work; and (3) Usability and
Safety, assessing perceived improvements in safety during work or device use
and the convenience or ease of use of the device. Each dimension comprised
two items (Table 2). However, given the exploratory purpose of the study,
individual items were also examined separately during analysis, and their
contribution to subsequent modelling was determined empirically.

Given the applied and exploratory nature of the study, and the lack of
established measurement models for job accommodation outcomes in this
context, the dimensional structure of the scale was not assumed to be fixed
a priori. Instead, the relationships among perceived outcomes were further
examined during data analysis, allowing for potential differentiation between
dimensions that may represent distinct aspects of workers’ post-intervention
experiences.

Descriptive statistics were first used to summarize perceived post-
intervention outcomes. To explore factors associated with perceived
improvements, fixed-effects regression models were applied to examine
within-individual variation in perceived outcomes while controlling for
key covariates, including age, gender, education level, job tenure, and job
category. Statistical significance was set at p < 0.05.

Job categories were recoded based on the primary nature of work tasks and
exposure characteristics relevant to the study outcomes. Detailed job titles
were consolidated into three task-oriented job categories based on National
Job Caregorical Criteria: Technical Professionals (TP), Manufacturing
Industrials (MI), and Administrative Support (AS).

Supervisory and managerial roles were not retained as a separate
analytical category. Although the number of supervisory participants was not
negligible, these roles encompassed highly heterogeneous task compositions,
ranging from frontline production involvement to predominantly managerial
and coordinative functions. As the present study focused on task-level
workload and exposure-related outcomes, supervisory roles were considered
conceptually distinct from frontline job categories and therefore excluded
from the final job category variable to preserve analytical coherence and
interpretability.
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In addition to regression analyses, partial least squares structural equation
modeling (PLS-SEM) was employed to examine the structural relationships
among perceived usability, intervention effectiveness, and work performance
(Hair et al., 2019). This approach was selected to explore how different
dimensions of perceived post-intervention outcomes were related to one
another, rather than to identify demographic predictors. PLS-SEM was
considered appropriate given the exploratory nature of the study, the
use of subjective outcome measures, and the relatively small sample size.
Bootstrapping with 5,000 resamples was used to assess the stability and
significance of path coefficients (Hair et al., 2019).

Table 1: Participant characteristics.

Category Count
Gender
Male 54
Female 37
Age(yrs)
45~50 29
50~55 25
55~60 21
60~65 13
65~70 2
70~75
Education level
Primary school 10
Junior high school 11
Senior high school 53
College or university 16

Graduate school or above 1

Job tenure(yrs)

<S 23
5~9 25
10~14 10
15~19 12
20~29 11
230 10

Job category
Technical professionals(TP) 33

Manufacturing 33
industrials(MI)

Administrative support(AS) §
Supervisory/Managerial role 20
Total 91
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Table 2: Items of each dimension of self-report questionnaire.

Dimension Item

Item2: Problem-solving effectiveness

Extent to which the intervention effectively solved work-related
Effectiveness problems

Item8: Work quality

Extent to which the intervention improved work output quality

ItemS5: Productivity

Extent to which work efficiency or productivity improved after the
Work Performance intervention

Item7: Work autonomy

Extent to which work autonomy improved after the intervention

Item3: Comfort and safety

. Perceived improvement in safety during work or device use
Usability and Safety
Item4: Ease of use

Perceived convenience or ease of use after the intervention

Note: Item 1 and Item 6 were excluded in this analysis because they assess
the applicant’s perception of administrative procedure but not the benefits of
the implementation of EPTs themselves.

RESULTS

Fixed-effects regression analyses revealed item-specific associations between
participant characteristics and perceived post-intervention outcomes.

For problem-solving effectiveness (Item 2), age was significantly negatively
associated with perceived improvement (f = -0.39, p < .01), indicating
that older workers reported lower levels of perceived problem resolution
following the intervention. In addition, lower educational attainment
was significantly associated with greater perceived improvement in
problem-solving effectiveness (f = 12.16, p < .05). Regarding productivity
(Item 5), lower educational attainment was significantly associated with
lower perceived productivity improvement (f = -35.06, p < .05). Moreover,
workers in manufacturing industrial (MI) roles reported significantly
greater perceived productivity gains than workers in other job categories
(B = 17.75, p < .01). For work autonomy (Item 7), higher educational
attainment was significantly associated with greater perceived improvement
in autonomy (f = 42.04, p < .01), suggesting that workers with higher levels
of education experienced larger perceived gains in work autonomy following
the intervention. With respect to work quality (Item 8), lower educational
attainment was significantly associated with lower perceived improvement in
work output quality (f = 27.24, p < .05). In addition, MI workers reported
significantly greater perceived improvements in work quality than non-MI
workers (= 19.80,p < .01).

In contrast, no statistically significant associations were observed between
worker characteristics and perceived improvements in comfort and safety
(Item 3) or ease of use (Item 4), suggesting that perceived gains in safety,
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comfort, and usability were relatively consistent across workers with different
demographic and job-related backgrounds.

To further examine how perceived post-intervention outcomes were
structurally related, partial least squares structural equation modeling (PLS-
SEM) with 5,000 bootstrap resamples was conducted (see Fig. 2). During
model evaluation, items assessing problem-solving effectiveness (Item 2) and
safety during work or device use (Item 3) exhibited minimal variance and
weak associations with other indicators, consistent with the observed ceiling
effects. These items were therefore not retained as central indicators in the
final structural model. The results indicated that perceived usability did not
significantly predict perceived intervention effectiveness (Figure 2, § = 0.055,
t=0.641,95% CI [-0.106, 0.229]), explaining only a negligible proportion
of variance in intervention effectiveness (2 = 0.003).

The results further showed that perceived intervention effectiveness,
primarily reflected by improvements in work output quality, showed a strong
and statistically significant positive association with work performance
outcomes, including productivity and autonomy (Figure 2, f = 0.928, ¢ =
39.049, 95% CI[0.877, 0.969]), accounting for a substantial proportion of

variance in work performance (r2 = 0.861).
- 2=0.946
Intervention B Work iterns
Effectiveness Performance item7
12=0.003 12=0.861 oo Lem
=0.055

Figure 2: PLS-SEM of perceived usability, intervention effectiveness, and work
performance.

These findings suggest that while problem-solving ( Item 2 in Effectiveness
dimension) and safety improvements (Item 3 in Usability dimension) were
widely reported and appeared to function as baseline conditions, these two
items were not able to translate EPTs intervention into work performance or
intervention effectiveness. Only workers’ overall perception of intervention
effectiveness measure by Item 8 that played a central role in translating job
accommodation into perceived improvements in work performance.

DISCUSSION

From the perspective of the hierarchy of controls, the EPT-based job
accommodation examined in this study represents an engineering control
and a work-design intervention, as it directly modifies the physical demands
of material-handling tasks rather than relying on administrative measures
or individual behavior change (Silverstein and Clark, 2004). By motorizing
horizontal load transport, EPTs substantially reduce pushing and pulling
force demands at the source of biomechanical exposure. This approach is
consistent with established ergonomic recommendations that prioritize
engineering and task redesign strategies for preventing work-related
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musculoskeletal disorders, particularly among aging workers who may
experience reduced physical capacity and slower recovery (Vieira and Kumar,
2004; Okunribido et al., 2010).

Beyond this conceptual positioning, the fixed-effects regression analyses
provide nuanced insight into for whom EPT-based job accommodation is
most likely to be perceived as beneficial, and which aspects of work are
most affected. Age was negatively associated with perceived problem-solving
effectiveness, suggesting that older workers reported smaller incremental
improvements following EPT implementation. One plausible explanation
is that workers with longer exposure to physically demanding tasks may
have already developed compensatory strategies or task adaptations over
time, thereby reducing the perceived marginal benefit of a single assistive
device. Prior research has similarly indicated that cumulative exposure
and age-related functional changes shape how ergonomic interventions are
experienced and evaluated by middle-aged and older workers (Vieira and
Kumar, 2004; Okunribido et al., 2010).

Educational level showed differentiated, item-specific associations
with perceived outcomes, underscoring the importance of distinguishing
between functional domains rather than treating “effectiveness” as a unitary
construct. Lower educational attainment was associated with greater
perceived improvements in problem-solving effectiveness, whereas it was
also associated with lower perceived gains in productivity and work quality.
In contrast, higher educational attainment was positively associated with
perceived improvements in work autonomy. These findings suggest that
EPTs may more directly address task-level operational barriers for workers
engaged in routine material transport, while workers with higher educational
backgrounds—who may perform more complex, decision-oriented, or self-
directed tasks—experience benefits primarily in terms of autonomy rather
than output-related outcomes. Similar task-dependent differentiation
in ergonomic intervention effects has been reported in studies of manual
material handling and production systems, where reductions in physical
load vyield the greatest benefits for workers whose primary duties involve
repetitive transport and physically demanding postures (Braam et al., 1996;
Silverstein and Clark, 2004).

Job category further moderated perceived outcomes. Manufacturing
industrial (MI) workers reported significantly greater perceived improvements
in productivity and work quality than non-MI workers, suggesting that the
effectiveness of EPT-based accommodation depends strongly on whether
the intervention directly targets the worker’s primary exposure source. This
finding aligns with prior ergonomic research emphasizing that engineering
controls are most effective when they are closely aligned with essential job
functions and dominant biomechanical risk factors (Vieira and Kumar, 2004;
Govaerts et al., 2021). In contrast, for workers whose roles involve more
heterogeneous task compositions, the impact of a single assistive device may
be diluted.

The PLS-SEM results complement the fixed-effects findings by clarifying
how workers’ perceptions are structured. Items assessing problem-solving
effectiveness and safety exhibited minimal variance and were excluded from
the final model, consistent with pronounced ceiling effects. Such ceiling
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effects in self-report ergonomic intervention outcomes—particularly for
safety- and comfort-related items—have been widely documented and may
limit the explanatory power of structural models (Silverstein and Clark,
2004; Govaerts et al., 2021). Consequently, perceived usability did not
significantly predict perceived intervention effectiveness, suggesting that
once basic usability and safety requirements are satisfied, these attributes
no longer differentiate workers’ evaluations of intervention success. Similar
patterns have been observed in studies of assistive technologies and industrial
exoskeletons, where perceived effectiveness is more strongly driven by task
relevance and performance impact than by usability alone (de Looze et al.,
2015).

Taken together, the convergence of fixed-effects and PLS-SEM analyses
indicates that perceived intervention effectiveness serves as the key
mechanism linking EPT-based job accommodation to improvements in work
performance, while the magnitude and nature of these perceived benefits are
shaped by worker characteristics, job roles, and task context. These findings
highlight that effective job accommodation requires not only provision of
assistive devices, but also careful consideration of task composition, exposure
patterns, and worker profiles to ensure alignment between intervention
design and actual work demands (Silverstein and Clark, 2004; Vieira and
Kumar, 2004).

Several limitations should be considered when interpreting these findings.
Outcomes were assessed using a post-intervention self-report scale without
baseline measurement, limiting causal inference and increasing susceptibility
to expectancy or recall bias. In addition, the questionnaire items have
not undergone formal psychometric validation, which may introduce
measurement error and limit comparability across studies. Furthermore,
many participants performed multiple job tasks, and EPT use may not have
constituted their primary activity, potentially attenuating observable effects.
Future studies should employ pre-post designs with validated outcome
measures, objective exposure indicators, and detailed assessments of task
composition and device utilization frequency to clarify the conditions under
which EPT-based job accommodation most effectively supports sustainable
employment among aging workers (Govaerts et al., 2021).

CONCLUSION

Subsidized EPT interventions within job accommodation programs may
provide meaningful short-term benefits for aging workers performing high-
load material handling, supporting the role of assistive devices as feasible
engineering controls in settings with substantial WMSD burden. Effective
adoption should be paired with task analysis, workflow and posture
optimization, and safe management of powered equipment to maximize
benefits and minimize biomechanical and incident risks. These findings
align with Taiwan’s job accommodation framework promoting workplace
improvements, equipment modification, and employment aids. However,
conclusions remain provisional, as outcomes were measured only post-
intervention using a scale without established reliability, highlighting the
need for validated measures, baseline data, and longitudinal follow-up to
confirm effects on WMSD symptoms and sustainable employment.
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