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Abstract

Background Work ability risk management and analysis (WARMA) requires professional competence to ensure
effective, consistent, and high-quality occupational health nursing. Occupational health nurses (OHNs) play a central
role in identifying and addressing work ability risks; however, no comprehensive instrument currently exists to assess
their competence. This study aimed to develop and psychometrically evaluate such an instrument.

Methods A descriptive, exploratory, and methodological design was applied. Instrument development followed a
three-phase process comprising theory-based item generation, expert panel evaluations with consensus meetings,
and empirical testing. Data were collected using two online surveys including the newly developed Competence in
Work Ability Risk Management and Analysis (Comp-WARMaA) instrument. Psychometric properties were examined
using classical and modern test theory methods, focusing on content validity, internal consistency, and structural
validity.

Results The final Comp-WARMaA instrument comprised 40 items covering four competence domains: objective
knowledge, perceived knowledge, attitudes and values, and case-based performance. Content validity was confirmed
by experts. Internal consistency was acceptable across subscales. Principal component analysis supported the
multidimensional structure, whereas confirmatory factor analyses (CFA) and Rasch analyses yielded mixed findings,
indicating the need for further refinement and psychometric testing in independent samples.

Conclusions The Comp-WARMaA instrument demonstrated strong content validity and acceptable internal
consistency. Structural analyses yielded mixed findings, indicating the need for further refinement and psychometric
testing in independent samples. The instrument provides a structured framework for assessing OHNs'competence in
WARMA and may inform systematic competence evaluation and professional development in occupational health
nursing.
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Background

Occupational health services (OHS) aim to promote
health and work ability by identifying factors that
threaten employees’ capacity to work [1]. As this objec-
tive is central to the effectiveness of OHS, reliable instru-
ments are needed to assess professionals’ competence in
managing and analysing work ability risks.

Work ability is commonly defined as a dynamic balance
between an individual’s health, functional capacity, com-
petence, and the demands of work within a given work
environment [2, 3]. In OHS, work ability is understood
not only as an individual attribute but also as an outcome
shaped by organizational, psychosocial, and environmen-
tal factors [4].

Occupational health nurses (OHNs) play a central
role in promoting work ability, preventing work-related
health risks, and supporting safe and sustainable work
participation across the working life. Their scope of prac-
tice includes health promotion, assessment of work abil-
ity, prevention of occupational risks, sickness absence
management, and return-to-work support [5, 6]. OHNs
work in close collaboration with employers, employees,
and multiprofessional occupational health teams at both
individual and organizational levels. Within this profes-
sional scope, OHNSs are well positioned to identify early
signals of work ability decline, analyze work-related risk
factors, and coordinate preventive and corrective actions
with workplaces.

Work ability risk management and analysis (WARMA)
constitutes a core component of OHNSs' professional
responsibilities and plays a key role in supporting and
maintaining work ability at both individual and organi-
zational levels [4, 7-9]. In this study, WARMA is used
to describe a practice-oriented approach that integrates
established elements of work ability promotion, work dis-
ability prevention, sickness absence management, and
return-to-work support.

WARMA is understood as an integrative and ongoing
process encompassing proactive management of work
ability, early intervention, sickness absence management
with follow-up, and return-to-work support. These com-
ponents correspond to primary, secondary, and tertiary
prevention and are systematically implemented within
OHS to support continuous and sustainable work careers
[8, 9]. Although WARMA is not a formally established
international framework, it draws on widely used work
disability prevention and return-to-work models [4] and
reflects how these elements are operationalized in Finn-
ish OHS in accordance with national guidance on good
occupational health practice [10].

In practice, proactive work ability management focuses
on prevention and promotion before early signs of
decline emerge, while early intervention aims to prevent
further deterioration. Sickness absence management and
return-to-work support focus on identifying employees
in need of support and facilitating safe and timely return
to work through appropriate workplace measures [2, 4,
7]. Within OHS, OHNSs play a key role in coordinating
work ability—related assessments, preventive actions, and
follow-up processes in collaboration with other occupa-
tional health professionals and workplaces.

In this study, WARMA is understood as a professional
process embedded in routine occupational health prac-
tice, whereas competence in WARMA refers to OHNSs’
capability to effectively enact this process. Competence is
conceptualized as a multidimensional professional capa-
bility integrating knowledge, performance, attitudes and
values, and their application in practice, consistent with
established nursing competence frameworks [11, 12].

WARMA is implemented at both the individual
employee and client organization levels and is inher-
ently embedded in multiprofessional collaboration within
OHS. It also involves close cooperation between OHS
and workplaces [8, 9]. At the individual level, WARMA
focuses on supporting work ability through assessment,
early response, sickness absence management, and
return-to-work processes, whereas at the organizational
level it involves monitoring work ability indicators, ana-
lyzing patterns and root causes, and supporting pre-
ventive and corrective actions in cooperation with the
employer. Although WARMA is not currently an estab-
lished theoretical framework, the present study contrib-
utes to its conceptual clarification by operationalizing
WARMA-related competence into measurable dimen-
sions grounded in established work ability and work
disability prevention models. Accordingly, competence
in WARMA requires the ability to operate across levels
and professional boundaries and to integrate knowledge,
values, and practical judgment in complex occupational
health contexts, including but not limited to task-level
procedures.

Assessing the competence of OHNSs, including their
ability to manage and analyze work ability risks, is essen-
tial for ensuring the quality of care, optimizing resource
allocation, and identifying educational and professional
development needs [12]. Professional competence,
which requires education and training, refers to the abil-
ity to perform assigned organizational tasks in accor-
dance with established criteria [13, 14]. Competence has
been divided into key theoretical dimensions, including



Sirkka et al. BMC Nursing (2026) 25:368

knowledge, performance, skills, attitudes, values [1] and
experience [15]. Notably, skills are directly associated
with practical performance [16, 17].

Several competence assessment tools are used in occu-
pational health nursing. However, they typically focus on
specific domains, such as respiratory protection [18], or
provide broad self-assessments of professional compe-
tence, such as the AAOHN Self-Assessment Tool [19].
Instruments such as the Work Ability Index assess the
client’s work ability and do not measure OHN compe-
tence [20].

To date, no validated instrument has been identified
to assess OHNSs’ competence in systematically identify-
ing, analyzing, and managing work ability risks across
individual and organizational levels, as operationalized in
WARMA. Although WARMA can be viewed as a specific
competence within the health care service system, it is
continuously integrated into routine occupational health
practice and therefore constitutes an essential compo-
nent of general professional competence. Despite this
central role, research in this area remains fragmented,
and no comprehensive instrument currently exists to
measure this competence. An instrument for measuring
OHNSs’ competence in WARMA could provide a struc-
tured approach to evaluating and developing compe-
tence, thereby promoting consistency and high-quality
OHS. Competence assessment can be initiated through
self-assessment; however, the incorporation of objective
measures broadens the evaluation. Such impartial mea-
sures can include knowledge tests for measuring theo-
retical understanding and case-based assessments for
evaluating practical skills and performance. An instru-
ment measuring OHNs’ competence in WARMA could
also support education and professional development
by helping to identify strengths and areas for improve-
ment. In this respect, it may offer valuable input for cur-
ricula development, as systematic training in WARMA
could further strengthen the professional preparedness of
future OHNs. Moreover, the instrument could contrib-
ute to the scientific understanding of occupational health
nursing by providing a framework for assessing compe-
tence in this evolving field.

Despite the central role of WARMA in occupational
health nursing, there is currently no validated instrument
available to assess OHNSs’ competence in this area. This
gap underpins the rationale for developing the Compe-
tence in Work Ability Risk Management and Analysis
(Comp-WARMaA) instrument. The aim of this study was
to (1) describe the development process of the Compe-
tence in Work Ability Risk Management and Analysis
(Comp-WARMaA) instrument and to (2) test its validity
and reliability.
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Methods

Design

The study employed a descriptive, exploratory, and
methodological design, adhering to the steps of instru-
ment development (Fig. 1) [21]. The study followed the
STROBE guidelines when applicable [22] and used the
COSMIN checklist to guide reporting of measurement
properties [23].

Development of Comp-WARMaA instrument
The development of the Comp-WARMaA instrument fol-
lowed an iterative, theory-informed three-phase process
conducted in Finland between 2018 and 2025 (Fig. 1).
Phases 1 and 2 focused on conceptual clarification and
content development through literature review, qualita-
tive inquiry, expert evaluation, and preliminary quanti-
tative analyses to support item refinement. During these
phases, WARMA competence was first explored among
occupational health professionals (OHP), leading to the
construction of Version 1, and subsequently refined and
expanded specifically for OHNs to include additional
competence dimensions beyond knowledge and skills.
Phase 3 operationalized the theoretically derived struc-
ture into a measurable format and evaluated it empirically
using confirmatory factor analysis and Rasch analysis.
These analyses were conducted to test and refine the pro-
posed competence framework and were not intended to
redefine the construct through exploratory modeling.
Content validation was conducted in two expert panel
rounds at different time points during the overall devel-
opment period (2018 and 2025). For reporting clarity, the
results are presented according to the three-phase devel-
opment framework. The instrument was developed spe-
cifically for the present study and has not been published
elsewhere.

Phase 1: Construction of the Comp-WARMaA instrument
(2018 —2022)

In the first phase, development of the Comp-WARMaA
instrument was driven by the goal of creating a self-
assessment tool for OHPs to evaluate their subjective
competence domains (knowledge and skills) in managing
and analysing work ability risks [8].

Through deductive reasoning, the theoretical frame-
work for the development of the instrument was derived
from relevant literature [e.g., 24, 25] and key legisla-
tion governing OHS, including the Occupational Health
Care Act [26] and the related Government Decree [27].
National guidance on good occupational health care
practice, consistent with international frameworks for
occupational health and work ability promotion, also
informed the framework [10, 26, 28]. Additionally, the
structure of the instrument was informed by prevention
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Phase 1:
Construction of the
Comp-WARMaA
Instrument
(2018-2022)

Purpose: To operationalize the concept of competence in WARMA in the
context of OHC, including OHCPs

Theoretical framework, conceptual and operational definitions
Instrument Version 1: Self-assessed competence domains: knowledge and skills,
total 48 items

Content validity:

Expert analysis (n = 10)

Content Validity Index, Scale Validity Average
Focus group interview (n = 10)

Pilot test (n = 11)

Instrument pre-testing (Data set 1) via electronic survey (n = 169 OHCPs,
response rate 10%)

Construct validity:
Principal component analysis, Promax oblique rotation

Distributions
Internal consistency reliability: Cronbach’s alpha and item analysis

Conclusion: The psychometric properties of the Comp-WARMaA instrument
appear promising

Phase 2:

Instrument Refinement
and Competence
Dimension Expansion
(2023-2024)

Purpose: To focus the instrument specifically for OHNs, to expand and refine its
content to comprehensively cover two more domains of competence, and to
construct new items measuring competence domains and operationalize these
domains in a measurable form in WARMA

Semi-structured individual thematic interview (n = 10 OHNs)
Inductive and deductive content analysis to inform the development the content
of additional items

Conclusion: This phase resulted in the identification of previously missing
competence domains, which were operationalized into measurable items

Phase 3:
Instrument Testing
and Competence
Assessment
(2025)

Purpose: Operationalization of the WARMA -related competence construct;
development and psychometric evaluation of the Comp-WARMA instrument;
expansion of the competence framework to include knowledge, performance,
attitudes, and values

Instrument administration (Data set 2) via electronic survey (n = 989 + 839, total
1828 OHN:Ss, response rate 11%) to assess the validity and reliability:

Instrument Version 2: Knowledge test (objective), 12 items; Perceived
knowledge (self-assessed), 12 items; Attitudes & Values, 12 items; Skills &
Performance, 4-part client case: total 40 items)

Content validity: Construct validity:
Expert analysis (n = 7) Pilot test (n = 12)
Content Validity Index An online survey (n =989 + 839, total

1828 OHNSs, response rate 11%)
Confirmatory Factor Analysis
Rasch analysis

Expert consensus meeting (n = 7)

Distributions
Internal consistency reliability: Cronbach’s alpha and item analysis, Kuder
Richardson formula (KR-20)

Conclusion: The Comp-WARMaA demonstrated promising psychometric
properties

Fig. 1 The Comp-WARMaA instrument development process

categories for promoting work ability, including primary,
secondary, and tertiary levels [4, 7].

The development process of the instrument com-
identification of its dimensions,

menced with the
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followed by item generation, selection of an appropriate
response scale, and compilation and critical evaluation
of the item pool [29]. The instrument was designed as a
norm-referenced measure, enabling respondents’ scores
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to be interpreted relative to those of other respondents
in the target group [30]. Competence was divided into
two dimensions: (a) knowledge and (b) skills in manag-
ing and analysing work ability risks. The content was then
structured into four sub-constructs, comprising a total
of 48 items: (1) work ability management (15 items), (2)
early response (9 items), (3) sickness absence monitoring
(11 items), and (4) support for return to work (13 items).
Each subscale assessed respondents’ (a) knowledge and
(b) skills.

The instrument’s items were organized by subscales to
ensure a balanced and clear structure, with a logical pro-
gression that followed the process of managing and ana-
lysing work ability risks [31]. Respondents indicated their
level of perceived knowledge for each item (7 =48) using
a four-point Likert scale (1 = poorly to 4=well) [21, 30]. A
higher total score for the summative variables indicated
that the respondent (a) had greater knowledge of work
ability risk management and analysis and (b) had greater
skills in implementing work ability risk management and
analysis.

Phase 2: Instrument refinement and competence
dimension expansion (2023 —2024)

In the second phase of the study, the instrument was
streamlined to focus on the professional competencies
of OHNs in WARMA. The instrument was expanded to
include competence areas related to performance, atti-
tudes, and values. Furthermore, the perceived knowledge

Table 1 Conceptual structure of the Comp-WARMaA instrument

Section and Subscale Work abil-
competence ity pro-
dimension motion
level*
Objective knowl-  Proactive management of work ability ~ Primary-
edge (12 items) (3 items) tertiary
Early response (3 items)
Sickness absence monitoring (3 items)
Return-to-work support (3 items)
Perceived knowl-  Proactive management of work ability ~ Primary—
edge (12 items) (3 items) tertiary
Early response (3 items)
Sickness absence monitoring (3 items)
Return-to-work support (3 items)
Attitudes and Norms (3 items) Cross-
values (12 items)  Significance (3 items) cutting
Roles (3 items)
Ethics (3 items)
Case-based Proactive management of work ability ~ Primary—
performance Early response tertiary
(four-part case Sickness absence monitoring
scenario) Return-to-work support

*Work ability promotion levels refer to preventive stages within the WARMA
framework, including work ability promotion and primary, secondary, and
tertiary prevention
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approach was complemented with an objective assess-
ment of knowledge [17, 31].

Thematic semi-structured interviews with OHNs
(n=10) on their experiences and attitudes towards
WARMA were conducted using purposive sampling to
formulate items assessing perceived knowledge, perfor-
mance, and attitudes and values. Data analysis was con-
ducted using inductive and deductive content analysis
[9].

Instrument Version 2 resulted in a refined set of 40
items covering key aspects of work ability risk manage-
ment and analysis, addressing both organizational- and
individual-level WARMA practices: 12 items assessing
objective, norm-based knowledge in WARMA, 12 items
assessing subjective, perceived knowledge in WARMA,
12 attitude and value items related to overall WARMA,
and a four-part individual client case focusing on case-
based performance in WARMA (Table 1). The first part
of the instrument, the objective knowledge dimension,
and the second part, the perceived knowledge dimen-
sion, were structured so that the items in each dimen-
sion formed counterpart pairs; items assessing objective
knowledge corresponded to counterparts reflecting per-
ceived knowledge or practical knowledge. The compo-
nents of the instrument reflected the sub-categories of
the WARMA process, which included the levels of work
ability promotion: the proactive management of work
ability, early response, sickness absence management,
and return-to-work support. These prevention-oriented
levels informed the conceptual organization of the item
pool but were not used as analytical categories in the
subsequent psychometric analyses.

The full item wording of the Comp-WARMaA instru-
ment is provided in Supplementary File 1 in Finnish, as
originally developed, to support transparency and repro-
ducibility. The instrument has not yet been translated or
culturally adapted for international use. For the objective
knowledge test, item stems and response options are pre-
sented without the answer key to preserve item integrity.

The conceptual structure, item distribution across
subscales, response formats, and scoring procedures are
described in the manuscript (Table 2). For the objec-
tive knowledge section, correct responses were coded as
1 and incorrect or “I do not know” responses as 0. For
the perceived knowledge and attitudes and values sec-
tions, higher visual analogue scale (VAS) scores indicated
higher self-assessed competence or stronger endorse-
ment of WARMA-related orientations, and negatively
worded items were reverse-coded prior to analysis. VAS
scores were treated as continuous variables in the analy-
ses; categorization into low, moderate, and high levels
was applied only for descriptive interpretation.

For the case-based performance section, responses
were scored based on their rank-order alignment with
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Table 2 Structure and response formats of the Comp-WARMaA
instrument
Section (total items)

Subscale / component (items) Response

format
Objective knowledge  Proactive management of work  True / False /
(n=12) ability (n=3) | don't know
Early response (n=3) True / False /
| don't know
Sickness absence monitoring True / False /
(n=3) I don't know
Return-to-work support (n1=3)  True/ False /
I don't know
Perceived knowledge  Proactive management of work ~ VAS (1-10)
(n=12) ability (n=3)
Early response (n=3) VAS (1-10)
Sickness absence monitoring VAS (1-10)
(n=3)
Return-to-work support (n=3)  VAS (1-10)
Attitudes and values Norms (n=3) VAS (1-10)
(n=12)
Significance (n=3) VAS (1-10)
Roles (n=3) VAS (1-10)
Ethics (n=3) VAS (1-10)
Case-based perfor- Individual client case (four-part ~ Ranking task
mance (n=4) case study) (1-10)

The table presents the structure and response formats of the Comp-WARMaA
instrument. The full item wording is provided in Supplementary File 1

expert consensus, with greater alignment indicat-
ing stronger case-based performance. The instrument
includes multiple response formats: (1) objective knowl-
edge assessed using a true/false/I do not know format, (2)
perceived knowledge assessed using a VAS (1 =strongly
disagree to 10=strongly agree), (3) attitudes and val-
ues assessed using a VAS with the same scale, and (4)
case-based performance assessed using a four-part case
scenario in which respondents rank multiple response
options (a—j) in order (1-10) according to their hypo-
thetical actions. Because the response format of the
case-based section differs from the other components, its
results are reported separately.

The VAS was used only in the self-report sections,
whereas expert panel ratings for content validity were
conducted using a 4-point Likert scale in accordance
with CVI methodology. This differentiation of item for-
mats aligns with established principles of competence
measurement and scale development, where knowledge,
orientations, and applied performance represent related
but distinct manifestations of professional competence
[21].

Phase 3: Comp-WARMaA instrument testing and
competence assessment (2025)

Content validation

Content validation was conducted in two expert panel
rounds at different time points (2018 and 2025) [32, 33].

Page 6 of 16

For reporting clarity, both rounds are described under
Phase 3 in accordance with the three-phase develop-
ment framework. The instrument structure, derived in
earlier phases from literature, legislation, and established
work ability and work disability prevention models, was
evaluated with emphasis on item clarity, relevance, and
applicability. The purpose was to assess and refine item-
level content while maintaining the underlying concep-
tual structure. The expert panels comprised professionals
with expertise in WARMA, OHS, and multidisciplinary
collaboration in occupational health contexts [34]. The
first panel consisted of ten professionals: OHNs (n=2),
occupational health physicians (n=3), an occupational
health psychologist (n=1), an occupational physio-
therapist (n=1), a training specialist (#=1), a researcher
(n=1), and an occupational health account manager
(n=1). The second panel comprised seven experts: OHNs
(n=3), an occupational wellbeing manager (n=1), an
occupational safety manager (n=1), a researcher (n=1),
and an occupational safety representative (n=1).

Panel members assessed the instrument’s content
in terms of clarity, relevance, importance of each sub-
scale, and the appropriateness and potential redundancy
of items using a 4-point Likert scale (1=not relevant,
4 =very relevant) [35, 36]. The expert panels met on mul-
tiple occasions, during which item wording, terminology;,
and conceptual clarity were discussed iteratively until
shared agreement was reached [37-39].

As a result of the panel evaluations and consensus dis-
cussions, minor revisions were made to improve clarity
and comprehensibility. These included refinements to
background variables, clarification of several items, and
modification of one section of the instrument. No items
were removed from the instrument.

Pilot testing

The Comp-WARMaA instrument was pilot tested twice.
The first pilot was conducted in 2018 with 11 OHPs
including OHNS, physicians, psychologists, and physio-
therapists from a single OHS unit [4]. The second pilot
was conducted in 2025 with 12 OHNs from another
OHS unit. The pilot tests aimed to assess the clarity,
usability, and response process of the instrument in real-
world data collection settings [40, 35]. Specifically, the
pilots evaluated the clarity of instructions and response
options, the overall functionality of the instrument, and
the time required to complete it.

Samples

Participants were recruited from three independent
sources during the development and testing phases of
the Comp-WARMaA instrument. The first dataset was
collected from one OHS provider, while the second
was gathered through the Finnish Occupational Health
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Nurses’ Association mailing list and another OHS pro-
vider. The target population comprised Finnish OHNs
working in public or private OHS.

Eligible participants were those currently employed as
OHNs in Finland and involved in work ability promo-
tion, sickness absence management, and return-to-work
processes in OHS, with sufficient Finnish language pro-
ficiency to complete the questionnaire. Eligibility was
defined to reflect the core practice areas operational-
ized in the instrument (work ability promotion, sickness
absence management, and return-to-work support). In
the first dataset, physicians and other OHPs were also
invited to participate to support the initial empirical test-
ing phase. For the second dataset, participation was lim-
ited to OHNSs to evaluate the psychometric properties
of the instrument in the intended end-user group. Only
professionals currently practicing in OHS were eligible to
participate. Students and professionals working outside
OHS were not included in the sampling frame. Two data-
sets were collected to evaluate the internal consistency
and structural validity of the Comp-WARMaA instru-
ment. The first dataset was collected in 2018. A total of
1,703 OHPs employed by a single OHS provider were
invited through total population sampling [4]. Of these,
169 responded to the survey, and all responses were
included in the analyses.

The second dataset was collected in 2025. A total of
1,828 OHNs from the public and private sectors were
invited through total population sampling via the Finnish
Occupational Health Nurses’ Association (N=989) and
an OHS provider (N=839). Of these, 200 responded to
the survey, and all responses were included in the analy-
ses. Both datasets were gathered through electronic sur-
veys administered using Webropol version 3.0.

Data analysis

Both classical and modern test theory methodological
approaches were applied. Statistical data analysis was
conducted using Statistical Package for the Social Sci-
ences (SPSS) version 26.0 (IBM SPSS Statistics for Win-
dows, Version 26.0; IBM Corp., Armonk, NY, USA).
Datasets 1 and 2 were analyzed using descriptive statis-
tics, including frequencies, percentages, means, ranges,
and standard deviations. Each set was screened for com-
pleteness prior to analysis. The proportion of missing
item responses was low for most items (<5%), although
some showed slightly higher rates. Missing data appeared
to be randomly distributed across items, with no system-
atic patterns observed. No imputation was performed;
analyses were based on available data, and the overall
impact of missingness on results was considered negli-
gible [41]. Possible violations of model assumptions (e.g.
normality, item distribution) were considered and did not
meaningfully affect the results [42].
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The content validity of the instrument was assessed by
expert panels. The item content validity index (I-CVI)
was calculated by summing the ratings of 3 and 4 and
dividing by the total number of raters. The overall con-
tent validity index of the instrument was also assessed
using the Scale-Level Content Validity Index based on
the average method (S-CVI/Ave). The S-CVI/Ave was
calculated by dividing the sum of the item-level content
validity index (I-CVI) values by the total number of items
(36, 43].

Internal consistency reliability was analyzed using
McDonald’s Omega, Kuder—Richardson Formula 20
(KR-20) for the dichotomous (correct/incorrect answer)
knowledge test, Cronbach’s alphas, and item analysis.

Principal component analysis (PCA) with Promax rota-
tion was used to assess the construct validity of Version 1
of the instrument, and the subscales measuring perceived
knowledge as well as attitudes and values were examined
using Version 2 of the instrument. Exploratory PCA in
Version 1 was conducted using data from OHPs to sup-
port item refinement, whereas PCA in Version 2 was
conducted in the OHN sample. In Version 2, PCA was
complemented by confirmatory factor analysis (CFA) and
Rasch modeling to evaluate the proposed competence
structure. Prior to conducting PCA, the adequacy of the
sample and the suitability of the correlation matrix were
assessed using the Kaiser—Meyer—Olkin (KMO) mea-
sure and Bartlett’s test of sphericity. A KMO value>0.6
is considered acceptable for PCA. Bartlett’s test examines
whether the correlation matrix significantly differs from
an identity matrix, and a p-value <0.05 indicates that the
correlations are sufficiently large for PCA [44].

CFA was performed using Mplus Version 7.11 to test
the hypothesized one-factor structure of the subscale
measuring objective knowledge. In this model, four
observed indicators (Proactive, Early Response, Sickness
Absence Management, and Return-to-work) were speci-
fied to load onto a single latent factor labelled Knowledge.
Each indicator represented the mean score of the three
items belonging to the respective knowledge domain.
Model fit was evaluated using x>, CFL, TLL, RMSEA, and
SRMR. CFI and TLI values>0.95 were interpreted as
indicating good fit, whereas values > 0.90 were considered
acceptable. RMSEA values <0.05 were considered indica-
tive of close fit and values<0.08 as acceptable. SRMR
values<0.08 were regarded as acceptable, in line with
commonly applied structural equation modeling criteria
[45]. Detailed fit criteria are provided in Supplementary
File 2.

Rasch analysis was performed using WINSTEPS
version 5.9.1.0 on the 12-item knowledge test of the
Comp-WARMaA instrument. Rasch analysis provides
psychometric evidence on item and person performance
within the measurement model framework [46, 47]. Item
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and person fit were evaluated using infit mean square
(MnSq) statistics, with values between 0.6 and 1.4 con-
sidered acceptable [48]. Unidimensionality was examined
using principal component analysis of residuals; >50% of
variance explained by the Rasch measures and a first con-
trast eigenvalue < 2.0 were interpreted as supporting uni-
dimensionality [46, 47]. Person separation indices>2.0
were interpreted as indicating adequate discrimination
between respondent ability levels [49]. Predefined statis-
tical criteria were used to guide decisions regarding item
retention or potential removal during psychometric eval-
uation. Items not meeting predefined thresholds were
evaluated in relation to both statistical performance and
conceptual relevance before any modification decisions.
Detailed criteria are provided in Supplementary File 2.

The analyses were conducted on two independent
datasets collected for the development and validation
phases of the instrument. Although the datasets differed
in size, both met the methodological requirements for
the planned analyses. Previous simulation studies have
demonstrated that satisfactory factor recovery can be
achieved with moderate sample sizes when essential psy-
chometric assumptions are fulfilled [50, 51]. As the study
aimed to develop and psychometrically test an instru-
ment, no formal a priori power analysis was conducted.
The sample sizes were considered appropriate in relation
to the study aims and methodological recommendations
for early-stage instrument development [52, 53, 21]. In
addition, sampling adequacy for factor analytic proce-
dures was supported by KMO values and significant
Bartlett’s tests, which are commonly used criteria to jus-
tify the application of PCA and CFA in instrument devel-
opment research [52, 53].

Ethical considerations

The study adhered to the European Union’s General
Data Protection Regulation [54] and followed Euro-
pean research ethics practices [55]. Ethical approval was

Table 3 Demographic data on respondents

Variable n Data- n Data-
set 1 set2
Age, years (mean (SD)) 169  46.5 199 450
(11.0) (10.3)
Gender, male/female % 169 14/86 198 1/99
Working experience in OHC, years 169 128 200 134
(mean (SD)) (10.0) (9.2)
Level of professional education, %
College 169 17 19 92
Bachelor's degree 44 8
Master’s degree 34 0
Other 5 0
Doctoral degree 0 0

Age and working experience are presented as mean (SD). Percentages total
100% within each dataset

Page 8 of 16

obtained in two phases corresponding to the different
stages of the study. Approval for the initial development
phase, including conceptual work, expert collabora-
tion, pilot testing, and early data collection, was granted
by a university ethics committee in 2017 (approval No.
67/2017). A separate ethical approval was obtained for
the later empirical testing phase involving survey data
collection from OHNS; this approval was granted by a
university ethics review committee in 2022 (approval No.
22/2022). In addition, permissions were obtained from a
national professional association and a participating OHS
provider.

Participation in the study was voluntary. Informed
consent was obtained from all participants, who were
provided with information about the study aims, con-
fidentiality, data protection, and their right to withdraw
at any time without consequences. Ethical integrity was
maintained throughout the research process through
adherence to ethical standards, oversight by ethics
review committees, and transparent data handling pro-
cedures. Participants’ autonomy, dignity, and privacy
were respected, and the researcher remained available to
address questions or provide further clarification when
needed [56].

Results

Respondents

Dataset 1 yielded 169/1,703 responses (response rate
10%) from OHPs, whereas dataset 2 yielded 200/1,828
responses (response rate 11%) from OHNSs. All responses
were included in the analyses (Table 3).

Content validity

Content validity was assessed based on evaluations from
two expert panels conducted prior to pilot testing. In
both panels, the items demonstrated relevance and clar-
ity in relation to the construct, with item-level content
validity index (I-CVI) values>0.78, which were consid-
ered acceptable according to established criteria [36, 38].
The predefined retention criterion was I-CVI>0.78. As
all items met this threshold, no items were removed dur-
ing the expert panel phase. In addition, Scale-Level Con-
tent Validity Index values (S-CVI/Ave) were calculated
for both expert panel rounds, resulting in 0.96 and 0.92,
respectively. These results indicated excellent overall con-
tent validity in both rounds. Values>=0.90 are generally
considered acceptable for newly developed instruments
[42]. Following the panel reviews, consensus meet-
ings were held, during which two background variables
were revised for improved clarity, two new background
items were added, and one section of the instrument
was modified for better comprehensibility. Based on the
second panel’s consensus meeting, five additional items
were clarified; however, no items were removed from
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the instrument. A subsequent expert consensus meeting
was convened to finalize agreement on the revised items,
resulting in further modification of four items without
any item removals.

Based on the first pilot study, no modifications to the
instrument were made before data collection (dataset 1).
Based on the second pilot study, one background vari-
able was refined for clarity. No changes were made to the
instrument before the main data collection (dataset 2).

Internal consistency

Internal consistency of the knowledge test (KR-20) was
0.724. Additionally, Cronbach’s alpha coefficients were
acceptable for most subscales, with the subscale mea-
suring perceived knowledge showing a=0.74. In con-
trast, the subscale for attitudes and values demonstrated
lower reliability (a=0.56) [21] (Table 4). On the subscale
level, item-to-total correlations were calculated, result-
ing in 0.49-0.88 for dataset 1 and 0.18-0.72 for dataset
2, respectively. One item (36, measuring context-spec-
ificity in WARMA, r=0.182) did not meet the recom-
mended item-to-total correlation threshold of »>0.2 [57].
However, this item was retained in the instrument due
to its content being considered important to the over-
all construct measured by the instrument. Because the
Comp-WARMaA instrument comprises conceptually
distinct competence domains measured using different
response formats, reliability estimates were calculated
and reported at the subscale level instead of a combined
total score.

Construct validity

Principal component analysis

To evaluate the structural validity of the Version 2 Comp-
WARMaA instrument, separate PCA were conducted for
the subscales measuring perceived knowledge and atti-
tudes and values (Table 5). Sampling adequacy was con-
firmed by KMO values of 0.880 and 0.714, and Bartlett’s
tests of sphericity were significant (p<0.001), indicat-
ing that the data were suitable for factor analysis [44].
Based on the eigenvalue criterion and Promax oblique
rotation, a two-component solution was extracted for
perceived knowledge, representing knowledge at both
the individual level and organizational level. For atti-
tudes and values, a five-component solution was identi-
fied, with each component reflecting a distinct aspect of
professional attitudes and values. The component struc-
tures accounted for 56.1% and 70.6% of the total vari-
ance, respectively. Communalities ranged from 0.306
to 0.799, exceeding the recommended threshold of 0.30
[44]. The results support the multidimensional structure
of the instrument and provide evidence for its theoretical
foundations.
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Table 4 Internal consistency of the Comp-WARMaA instrument

Property Dataset 1 Dataset 2
(n=169) (n=200)

KR-20 (Knowledge test) - 0.724

McDonald’s Omega (Knowledge test) - 0.851

Cronbach's alpha (subscales) 0.79-0.94 0.56 —0.74

[tem-to-total correlations (range) 0.49-0.88 -

- Knowledge test - 0.252-0.564

— Perceived knowledge - 0449-0.721

- Attitudes and values - 0.183-0.562

Table 5 Summary of PCA results

Property Dataset 1 Dataset 2

Sample size (N) 169 200

Response rate (%) 10 11

KMO 0.94 -

- Perceived knowledge - 0.880

- Attitudes and values - 0.714

Bartlett’s test of sphericity p<0.001 p<0.001

Total variance explained 71.7% 56.1-70.6%

Communalities (range) 0.533-0.864 0.306-0.799

KMO =Kaiser-Meyer Olkin measure of sampling adequacy

In an earlier phase of the study, PCA was also con-
ducted on Version 1 of the instrument (Table 5). That
analysis yielded seven principal components explain-
ing 71.7% of the total variance, with strong sampling
adequacy (KMO=0.94) and acceptable communali-
ties (0.533-0.864). The identified components aligned
with the theoretical domains of the instrument, includ-
ing early response, proactive risk management, absence
monitoring, return-to-work support, and professional
values. These findings provided the basis for refining the
instrument into its current version.

Confirmatory factor analysis for the knowledge test

The hypothesized model for the knowledge test (Instru-
ment Version 2) was assessed using CFA. The model
specified a single latent factor (Knowledge) indicated
by four observed variables: Proactive, Early Response,
Sickness Absence Management, and Return-to-Work.
For model identification, the loading of the first indica-
tor (Proactive) was fixed to 1, and the remaining factor
loadings were freely estimated based on the sample data.
Figure 2 illustrates the hypothesized CFA model for the
knowledge test.

Error of Approximation (RMSEA), and other standard
goodness-of-fit indices (Table 6).

The chi-square statistic was significant (x*(2)=17.8,
p<0.001), indicating misfit (Table 6). Fit indices showed
mixed results: CFI was 0.955 and SRMR 0.036, both
within acceptable ranges, whereas RMSEA was 0.198
and TLI 0.864, failing to meet recommended thresh-
olds. Overall, the indices indicated limitations in model
fit according to the predefined fit criteria described in
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Fig. 2 CFA basic model. p.a.=Proactive, es=Early response, sam = Sickness absence management, rtw =Return-to-work. Model fit was evaluated using

the chi-square test, the Comparative Fit Index (CFl), the Root Mean Square

Table 6 Testing (CFA) of the hypothesized structure of the Comp-WARMaA instrument, n=200

Data x2 p df. CFI TLI

AIC BIC SRMR RMSEA p=<0.05

17.8 <0.001 2 0.955

0.864

2480 2519 0.036 0.198 <0.001

CFl=Comparative Fit Index; TLI=Tucker-Lewis Index; SRMR=Standardized Root Mean Square Residual; RMSEA=Root Mean Square Error of Approximation;

AlC= Akaike Information Criterion; BIC=Bayesian Information Criterion

the Methods and based on established structural equa-
tion modeling guidelines [45, 58]. In particular, RMSEA
exceeded recommended thresholds and TLI remained
below acceptable levels, indicating suboptimal fit of the
hypothesized model.

The internal consistency of the modeled scale was
acceptable (McDonalds Omega=0.851; Table 4). No
indicators were removed. Retention of all four indicators
was based on their theoretical relevance to the WARMA
knowledge construct.

Rasch analysis for the knowledge test

The Rasch analysis of the knowledge test (Table 7) indi-
cated a mismatch between item difficulty and respondent
ability. The mean person measure (3.41 logits) exceeded
the mean item difficulty (0.00 logits), suggesting that the
items were relatively easy for the sample. Item difficulties
ranged from - 2.14 to 3.66 logits.

The total raw variance explained by the Rasch mea-
sures was 39.2%, below the commonly referenced 50%
threshold for unidimensionality. However, the first con-
trast eigenvalue was 1.86 (below the 2.0 criterion) and

essential unidimensionality reached 61.9%, meeting the
>60% benchmark, in accordance with established Rasch
guidelines [46, 47].

Infit MnSq values ranged from 0.74 to 1.29, indicat-
ing acceptable item fit, and item reliability was high
(0.94). In contrast, person separation was low (real = 0.24;
model =0.57), and person reliability was weak (real = 0.05;
model =0.25), indicating limited discrimination between
respondents with higher competence levels.

Marginal DIF was observed for Item 2 by age and
work experience; however, no systematic or practically
meaningful DIF pattern was identified. No items were
removed. Item retention was based on predefined infit,
unidimensionality, and reliability criteria together with
evaluation of conceptual coverage.

Discussion

Discussion of the results

This study produced the Comp-WARMaA instrument
to assess OHNSs’ competence in WARMA through a sys-
tematic, multi-phase development and testing process
using both classical and modern psychometric methods.
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Table 7 Summary of Rasch analysis results of the knowledge test
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Domain Metric Value Range/Group Interpretation Notes

[tem hierarchy Mean item difficulty 0.00 logits - Reference mean
Mean person ability 341 logits - Items too easy Consider adding harder items
Item difficulty range -2.14t03.66 [tems 1-10 Broad range

Rating scale Category 0 (n, %) 274 (11%) Low ability Functioning well Mean measure =-0.10
Category 1 (n, %) 2119 (89%) High ability Functioning well Mean measure=2.79
MnSq (Infit/Outfit) 1.00/0.76 Category 0 Acceptable
MnSq (Infit/Outfit) 1.02/1.16 Category 1 Acceptable

Unidimensionality ~ Rasch variance explained ~ 39.2% - Below recommended 50% Suggests limited proportion

threshold of variance explained

1st contrast eigenvalue 1.86 - No secondary dimension  Below 2.0 threshold
Essential unidimensionality 61.9% - Meets >60% criterion

Reliability Cronbach'’s alpha 0.68 - Moderate consistency
[tem reliability 0.94 - Excellent
[tem separation 4.06 - Good item spread
Person reliability 0.05 (real) - Weak Low person variance
Person separation 0.24 (real) - Low discriminative ability

DIF Age-related DIF ltem 2:p=0.0439  Marginal No systematic bias
Work experience DIF ltem 2:p=0.0424  Marginal No systematic bias

DIF =Differential tem Functioning; MnSq=Infit mean square

Note: Cronbach’s alpha (0.68) differs slightly from the KR-20 estimate (0.724) reported earlier because it was calculated within the Rasch analysis output and may

reflect different handling of missing responses

The instrument was developed in line with established
approaches to competence instrument development
in clinical nursing and occupational health contexts
[59-61]. By integrating objective knowledge testing,
self-assessed competence, attitudes and values, and per-
formance-based scenarios, the Comp-WARMaA reflects
a broad and practice-relevant conceptualization of pro-
fessional competence in occupational health nursing.

The psychometric findings should be interpreted as
an empirical test of a theoretically specified competence
framework and not as a data-driven redefinition of the
construct. The Comp-WARMaA instrument was devel-
oped through an iterative process in which conceptual
clarification and content development preceded psycho-
metric evaluation. Accordingly, the competence domains
assessed in this study represent complementary dimen-
sions of a single underlying WARMA-related compe-
tence, reflecting different manifestations of professional
capability and not independent or competing constructs.
While some psychometric indicators suggested limita-
tions in model fit, these findings should be interpreted
in the context of early-stage instrument development,
where iterative refinement and further testing across set-
tings and populations are expected.

Given the importance of WARMA competence in
OHS [8, 9] and the preventive focus in the working-age
population [2, 4, 62], the instrument provides a means to
systematically measure and evaluate a competence area
that has received little research attention. Identifying
gaps may support targeted professional development and
workforce planning in OHS.

Content validity was demonstrated through high I-CVI
and S-CVI/Ave scores (>0.90) in both phases. Multidis-
ciplinary expert panels, consensus meetings, and pilot
tests further confirmed item clarity and relevance, align-
ing with previous recommendations emphasizing expert
engagement in instrument development [34, 36]. Inter-
nal consistency was acceptable across most subscales:
the knowledge test (KR-20=0.724), perceived knowledge
(a=0.740), and McDonald’s Omega for the knowledge
scale (Q2=0.851) were within recommended limits [57,
21]. The subscale measuring attitudes and values, how-
ever, showed lower reliability (a=0.56). Unlike the other
subscales, it was not aligned with the theoretical struc-
ture of the other subscales (Proactive, Early response,
Sickness absence management, and Return-to-work) but
instead targeted overall WARMA orientations, includ-
ing norms, significance, roles, and ethics. This broader
conceptual scope may explain its multidimensional-
ity and weaker internal consistency, a phenomenon also
observed in studies examining self-rated clinical com-
petence [63]. The Attitudes and values subscale was
designed to capture broader professional orientations
related to WARMA, including norms, roles, and ethical
considerations. As these elements represent conceptu-
ally related but not necessarily homogeneous aspects of
professional competence, lower internal consistency was
anticipated. While alternative factor structures and item
refinement were considered during instrument develop-
ment, the subscale was retained as a single construct to
reflect its conceptual breadth. Further refinement and
potential subdivision into more specific dimensions will
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be explored in future validation studies. Future research
could examine whether a multidimensional modeling
approach would better capture the attitudinal domain,
given its broader conceptual scope.

Construct validity was supported by PCA, whereas
CFA and Rasch analyses yielded mixed findings indicat-
ing limitations in model fit and measurement precision
and requiring further psychometric testing in indepen-
dent samples. PCA confirmed the multidimensional
structure with theoretically coherent components. CFA
of the knowledge test yielded mixed fit indices. While
the CFI (0.955) and SRMR (0.036) indicated acceptable
to good fit, the RMSEA (0.198) substantially exceeded
recommended thresholds and the TLI (0.864) remained
below the conventional criterion of 0.90, based on com-
monly applied cutoff criteria in structural equation mod-
eling [45, 58]. The elevated RMSEA therefore indicates
clear model misfit under conventional guidelines and
warrants cautious interpretation of the one-factor solu-
tion. The four observed indicators were conceptualized
as reflective manifestations of an underlying knowledge
competence domain, consistent with the theoretical
specification of WARMA-related competence.

Although RMSEA is known to be sensitive in models
with very small degrees of freedom and a limited num-
ber of indicators [45], the present findings suggest that
the hypothesized structure does not fully capture the
covariance structure of the observed variables. Alterna-
tive model specifications were examined; however, no
theoretically meaningful and statistically superior solu-
tion was identified. The one-factor model was retained
on theoretical grounds in line with the predefined
WARMA competence framework. Given the small num-
ber of indicators and the theory-driven specification
of the construct, retaining the model was considered
preferable to post hoc modifications lacking concep-
tual justification. Accordingly, the CFA findings should
be interpreted as preliminary structural support within
a theory-driven framework and not as confirmation of
strict unidimensionality.

The Rasch analysis demonstrated high item reliabil-
ity and acceptable item fit. However, limitations were
observed in targeting and person separation. The mean
person measure exceeded the mean item difficulty, indi-
cating that the items were relatively easy for the study
sample and that discrimination between higher compe-
tence levels was limited. Person separation reliability was
low, suggesting restricted ability of the instrument to dis-
tinguish between respondents with higher competence
levels [49, 50].

Although the first contrast eigenvalue remained below
2.0 and essential unidimensionality met the >60% crite-
rion, the total variance explained by the Rasch dimen-
sion (39.2%) was below the commonly referenced 50%
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threshold for unidimensionality [46, 47]. These findings
indicate mixed evidence regarding dimensionality and
measurement precision. From a measurement develop-
ment perspective, the results suggest that refinement of
the item pool, including the addition of more demanding
items, may improve targeting and discrimination across
competence levels [21, 50]. Further validation in inde-
pendent samples is required to confirm dimensionality,
targeting, and person separation. In line with recommen-
dations for scale development, model fit indices should
be interpreted in relation to theoretical coherence, con-
struct definition, and the purpose of the instrument, not
as absolute decision criteria [21, 57]. The retained one-
factor solution was theoretically grounded in the pro-
posed WARMA competence framework, despite overall
limitations in model fit, including a high RMSEA and
low TLIL although some incremental fit indices (CFI and
SRMR) were within acceptable ranges [45, 29].

Mixed fit patterns have been reported in early-stage
instrument development, particularly when model-
ing complex professional competence constructs with a
limited number of indicators and a theoretically speci-
fied structure [21]. The Rasch analysis provided comple-
mentary evidence, demonstrating strong item reliability
and acceptable unidimensionality. However, limitations
in person separation indicate that further refinement is
needed to improve discrimination across competence
levels [50, 47].

In addition to its measurement purpose, the Comp-
WARMaA instrument contributes to clarifying WARMA
as a competence area in occupational health nursing.
Although WARMA is not an established theoretical
framework, the instrument operationalizes the con-
cept by translating key elements of work ability pro-
motion, work disability prevention, sickness absence
management, and return-to-work support into defined
competence dimensions. This supports a more explicit
understanding of how OHNs enact work ability risk man-
agement and analysis in practice at individual and organi-
zational levels.

Overall, the Comp-WARMaA shows promise for use
in professional development, recruitment, and con-
tinuing education, as well as in evaluating intervention
outcomes and informing curricula by identifying compe-
tence strengths and gaps. Future research should refine
items, test discriminative validity across known groups,
and conduct cross-cultural validation to enhance gener-
alizability [64, 65]. Expanding items may ensure coverage
of evolving competencies in occupational health nursing
[21, 66].

Strengths and limitations
One of the strengths of this study is its systematic, step-
wise development process. It combined theory, empirical
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data, and psychometric analyses across multiple phases.
Multidisciplinary expert input, including panel evalua-
tions, consensus meetings, and pilot tests, strengthened
content validity. Sample sizes in both datasets (n=169
and n=200) were considered adequate for early-stage
psychometric analyses when interpreted in relation to
methodological recommendations for instrument devel-
opment and factor analysis [52, 53, 21]. The samples
included participants from both public and private OHS,
representing a broad cross-section of Finnish OHNSs.
With an estimated 2,500-2,600 OHNs working in Fin-
land [67, 68], and with the national association includ-
ing members from both public and private sectors, the
recruitment strategy enabled participation from a broad
range of occupational health contexts.

This study has limitations. Response rates were rel-
atively low (10-11%), which may have introduced
response bias, as those more interested in WARMA may
have been more likely to respond. Anonymity prevented
comparison between respondents and non-respondents.
Further, the study was conducted in a single national
context, which may limit its generalizability, as cultural,
organizational, and systemic factors affect competence
assessments [21]. The inclusion of physicians and other
professionals in dataset 1 may explain the differences
between the two datasets, such as dataset 1 having a
higher proportion of respondents with master’s degrees
(34% vs. 8%); this reflects Finland’s educational structure
where physicians are educated at the master’s level and
OHN s at the bachelor’s level [69, 67, 70]. These differ-
ences highlight the importance of context-specific valida-
tion and caution in interpreting the findings.

In addition, no a priori power analysis was performed.
The sample sizes were considered adequate based on
methodological recommendations for exploratory and
confirmatory factor analyses and Rasch modeling in
instrument development studies, where moderate sample
sizes are commonly accepted when key model assump-
tions are met [51-53]. The analyses focused on exam-
ining construct validity and reliability in early-stage
instrument development and were not designed for
hypothesis testing. The use of two independent datasets
and complementary psychometric approaches strength-
ens the overall evaluation despite the low response rates.
A further strength is the use of multiple reliability indi-
ces (Cronbach’s alpha, KR-20, and McDonald’s Omega),
which provided a robust evaluation of internal consis-
tency. The subscale measuring attitudes and values, nev-
ertheless, showed lower reliability (a=0.56). Its broad
conceptual scope, intended to capture overall orienta-
tions such as norms, significance, roles, and ethics, not
a single domain, may explain both its multidimensional-
ity and lower consistency. Further item development may
strengthen this construct in future versions. Evidence
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from multiple sources provided partial support for the
validity and reliability of the Comp-WARMaA, while also
identifying areas requiring further refinement. By sys-
tematically identifying competence gaps, the instrument
may support professional development, curriculum plan-
ning, and workforce management in OHS.

These limitations should be considered when inter-
preting the findings and the current status of the Comp-
WARMaA instrument. Although Version 2 is supported
by initial empirical evidence in terms of content valid-
ity and overall reliability, some psychometric findings,
including limited item difficulty and mixed model fit
indices, indicate that further refinement is needed. Ver-
sion 2 should therefore be regarded as an instrument
with initial evidence of validity that remains under devel-
opment, not as a finalized measure. Additional test-
ing in larger, more diverse, and international samples is
required before broader application.

Recommendations for further research

Future research should refine items, test discriminative
validity, and evaluate the Comp-WARMaA instrument in
larger and more diverse occupational health contexts. In
addition, longitudinal studies could explore the relation-
ship between competence levels measured by the instru-
ment and outcomes such as work ability promotion,
client satisfaction, and OHS effectiveness. Further studies
could also examine the instrument’s cross-cultural appli-
cability and measurement invariance in international set-
tings [66, 42]. Exploring how competence in work ability
risk management and analysis develops over time and
how it relates to nurses’ educational background or con-
tinuing professional development would also strengthen
the evidence base [71]. Moreover, educational inter-
vention studies could be designed to evaluate how tar-
geted training programs based on the Comp-WARMaA
framework enhance OHNSs’ competence and confidence
in work ability risk management. Finally, qualitative
research could provide a deeper understanding of how
OHNSs conceptualize competence in work ability man-
agement, complementing quantitative findings and sup-
porting ongoing refinement of the instrument [21, 23].

Implications for policy and practice
The instrument offers practical utility for use in pro-
fessional development, workforce planning, and
research within OHS. In addition to its potential for
use in research and competence evaluation, the Comp-
WARMaA instrument could be applied in practical
contexts such as OHN recruitment, continuing educa-
tion planning, and structured support for work ability
management.

In the clinical context of occupational health nurs-
ing, the instrument provides a theoretically grounded,
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standardized framework for assessing and guiding
nurses’ competence in managing and analysing clients’
work ability, sickness absence, and return-to-work pro-
cesses. By systematically identifying strengths and gaps in
WARMA-related competence, its use supports evidence-
based competence development and contributes to orga-
nizational learning within OHS.

From a broader policy and professional perspective, the
Comp-WARMaA enhances the conceptual and empirical
basis for evaluating occupational health nursing compe-
tence. It promotes comparability and transparency across
occupational health settings, thereby strengthening the
quality, accountability, and visibility of occupational
health nursing as a distinct professional domain. Its sys-
tematic use may facilitate benchmarking, inform quality
improvement initiatives, and support the harmonization
of competence standards across different occupational
health systems.

Conclusions

Through the systematic development and testing process
of the Comp-WARMaA instrument, this study produced
a novel tool designed to assess OHNSs' competence in
WARMA. The instrument integrates objective knowl-
edge testing, self-assessed competence, attitudes, values,
and performance-based scenarios, grounded in both the-
oretical and practice-based frameworks.

The Comp-WARMaA demonstrated strong content
validity and acceptable internal consistency. Structural
analyses yielded mixed findings, indicating the need for
further refinement and psychometric testing in inde-
pendent samples. By operationalizing competence in
WARMA into measurable dimensions, the instrument
provides a structured framework for assessing OHNs’
competence in work ability risk management and analy-
sis. With further development, it may inform systematic
competence evaluation, professional development, and
quality improvement within occupational health nursing.
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