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Abstract
Background  This study focuses on identifying the key factors associated with ergonomic behaviors (ERBE) among 
women workers on assembly lines (WwAL) to prevent musculoskeletal disorders (MSDs) caused by repetitive motions 
and unfavorable body postures. To achieve this objective, this study employed Bayesian networks (BN) analysis based 
on social cognitive theory (SCT).

Methods  A cross-sectional study was conducted to examine the predictive factors of ERBE among 250 WwAL from 
six different industries located in Neyshabur, a city in northeastern Iran. The study used a two-stage cluster sampling 
method for participant selection and self-report questionnaires to collect data on demographic characteristics, 
variables associated with SCT, ERBE, and the standard Nordic questionnaire. The collected data were analyzed using 
Netica and SPSS version 21, which involved statistical analyses such as independent t-tests, Pearson correlation, and 
ANOVA tests at a significance level of p < 0.05. BN analysis was conducted to identify the important factors that impact 
ERBE.

Results  The majority of individuals reported experiencing chronic pain in their back, neck, and shoulder areas. 
Engaging in physical activity, consuming dairy products, and attaining a higher level of education were found to be 
significantly associated with the adoption of ERBE p < 0.05. Among the various SCT constructs, observational learning, 
intention, and social support demonstrated the highest levels of sensitivity towards ERBE, with scores of 4.08, 3.82, 
and 3.57, respectively. However, it is worth noting that all SCT constructs exhibited a certain degree of sensitivity 
towards ERBE.

Conclusions  The research findings demonstrate that all constructs within SCT are effective in identifying factors 
associated with ERBE among WwAL. The study also highlights the importance of considering education levels and 
variables related to healthy lifestyles when promoting ERBE in this specific population.
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Background
Musculoskeletal disorders (MSDs) are not only one of the 
most common work-related health problems reported in 
the world but also a prevalent occupational health con-
cern among women in specific occupations [1, 2]. Work-
related musculoskeletal disorders (WMSD) commonly 
present with discomfort, sensitivity, decreased strength, 
inflammation, and loss of sensation [3]. MSDs can lead to 
mobility and functionality limitations, ultimately impact-
ing work performance. Additionally, these disorders can 
have wider social and economic implications, including 
absenteeism, decreased productivity, and higher health-
care expenses [4].

MSDs can be attributed to a range of factors compris-
ing ergonomic, physical, chemical, and psychological 
elements. These factors encompass aspects such as incor-
rect posture, repetitive motions, rapid work pace, non-
ergonomic tools, unsuitable workstations, and exposure 
to certain equipment during work [5, 6]. Assembly lines 
represent a profession encompassing numerous risk fac-
tors associated with MSDs, and extensive research has 
indicated a notable prevalence of such disorders among 
individuals employed in assembly line roles [7]. Women 
account for 60% of all MSD cases, which is a concerning 
trend for working women who face unique challenges in 
balancing work and family responsibilities [8].

Utilizing preventive measures for MSDs is essential in 
managing the considerable direct and indirect expenses 
associated with WMSD [9]. To mitigate the risk of MSDs 
among workers, it is advisable to implement ergonomic 
interventions such as training in proper posture, incor-
porating stretching exercises, utilizing personal protec-
tive equipment, and actively promoting healthy lifestyles 
[10–13].

Understanding individuals’ beliefs and perceptions 
regarding factors that influence behavior can assist in 
the creation of impactful interventions aimed at foster-
ing healthy behavior [14]. SCT is a theoretical framework 
that takes into account various individual, environmental, 
and cognitive factors that impact behavior. It elucidates 
how individuals acquire behavioral patterns through 
interactions with their surroundings, personal charac-
teristics, and cognitive processes [15]. Personal cogni-
tive factors, Socio-environmental factors, and behavioral 
factors are the three interacting factors involved in the 
application of SCT to health problems. Personal cogni-
tive factors include self-efficacy, outcome expectations, 
and knowledge. Socio-environmental factors include 
observational learning, normative beliefs, social support, 
opportunities, and barriers. Behavioral factors include 
behavioral skills, intentions, and reinforcement. SCT 
suggests that modifying these three factors can achieve 
the prevention of morbidity and mortality through the 
development of healthy behaviors and the reduction of 
unhealthy behaviors [16] (Fig. 1).

Bayesian networks (BN), also referred to as Bayes-
ian belief networks and belief networks, utilize directed 
acyclic graphs (DAGs) to represent variables. In these 
graphs, nodes represent the variables, and edges indi-
cate their direct probabilistic dependencies. The field of 
medicine extensively employs BN due to their interpret-
ability and their facilitation of inference [17]. A BN model 
demonstrates superior performance compared to neural 
networks and logistic regression models and effectively 
elucidates causal relationships between variables [18].

WMSDs have a significant impact on workers’ health 
and work capacity, resulting in absenteeism, disability 
pensions, reduced productivity, functional limitations, 

Fig. 1  Constructs of social cognitive theory
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and disruption of women’s social roles. Therefore, 
addressing this issue is crucial, as it is recognized as a 
major challenge in the workplace [19].

In promoting health within the primary healthcare sys-
tem, health education plays a vital role. Hence, it is cru-
cial for researchers to identify predictors of ergonomic 
behaviors, particularly for female assembly line work-
ers, to develop more effective interventions [20]. This 
approach can lead to clinical improvements and advance 
scientific practice and research.

Moreover, health, safety, and environment (HSE) 
experts in the industry can contribute significantly to the 
healthcare system by utilizing the effective constructs of 
this theory in applying ergonomic behaviors.

Previous studies that investigated the effectiveness of 
ergonomic behaviors (ERBE) have only used non-indus-
trial environments [21–23], while research on MSDs 
in industrial workers has not incorporated educational 
theories [24, 25]. Although some studies have sug-
gested that SCT could improve preventive measures for 
WMSDs [26, 27], its ability to predict ergonomic behav-
iors among women workers on assembly lines (WwAL), 
who are exposed multiple job-related risks, has not been 
investigated [28, 29]. To the best of our understanding, 
no research has been conducted using BN to address this 
topic. The objective of this research was to utilize BN 
analysis in accordance with the principles of SCT to pin-
point the various factors that impact ERBE.

Methods
Study design and setting
From February 11 to March 28, 2023, a cross-sectional 
study was conducted in Neyshabur, a city located in the 
northeastern region of Iran. The study focused on women 
employed in industrial assembly lines.

Sampling method and sample size
The study employed a two-stage cluster sampling 
approach to select participants. In the initial stage, 
a list was compiled of all the electronic industries (a 
total of 6 industries) with assembly lines where women 
were employed. Subsequently, a random sampling lot-
tery method was utilized to select eligible women from 
each industry in proportion to the number of assembly 
line workers, ensuring an equal representation across 
industries.

Taking into account an average total of approximately 
500 female workers in assembly lines, the sample size was 
determined to be 217 individuals using Cochran’s for-
mula and considering a type I error of 0.05. However, fac-
toring in a potential dropout rate of 15%, the estimated 
sample size was adjusted to 250 individuals.

Eligibility criteria
The inclusion criteria for this study encompassed pro-
viding consent to participate, being employed in the 
assembly line, having an age of over 20 years, and pos-
sessing the ability to read and write. On the other hand, 
no specific exit criteria were taken into account for this 
research.

Instruments and measures
The study utilized two questionnaires: the Nordic stan-
dard questionnaire, which allows each woman to report 
pain in all nine body regions simultaneously, enabling 
respondents to aptly express the complexity of their 
musculoskeletal experiences; and the Ergonomic Behav-
iors Evaluation Tool (EBET) questionnaire, specifically 
designed to assess ERBE of WwAL based on SCT. The 
reliability and validity of the EBET questionnaire were 
assessed through comprehensive psychometric analy-
sis, which demonstrated favorable psychometric prop-
erties. However, the reference to the original source of 
the questionnaire is currently under review and can be 
found in the citation information. The questionnaire 
exhibited an average CVR of 0.92, a CVI of 0.97, and an 
overall Cronbach’s alpha coefficient of 0.79. Exploratory 
factor analysis successfully identified all dimensions of 
the questionnaire, explaining 65.25% of the variance, and 
confirmatory factor analysis demonstrated a good fit of 
the model. The psychometric properties of this tool were 
confirmed in previous study [30].

Demographic characteristics
All the women in our study were employed on the assem-
bly lines of the electronics industry, where their work 
was characterized by repetitive movements, the frequent 
need to adopt non-optimal postures, and extended peri-
ods of sitting during their tasks. Demographic questions, 
covering age, height, weight, educational status, marital 
status, work experience, physical activity status, dairy 
consumption status, and financial status. When choos-
ing the demographic variables for this research, we took 
into account factors that have previously been identified 
as potential influencers of musculoskeletal disorders and 
ergonomic practices which supported by pertinent liter-
ature [2, 8, 12, 31, 32]. Participants’ income levels were 
classified as ‘well,‘ ‘moderate,‘ or ‘poor,‘ based on their sub-
jective evaluation of their financial well-being obtained 
through the questionnaire. This categorization considers 
not only the participant’s personal income but also their 
family’s economic background, providing a holistic per-
spective on their financial status.

SCT variables
The researcher-made questionnaire aimed to evalu-
ate ERBE based on SCT constructs and consisted of 11 
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dimensions, including outcome expectations, normative 
beliefs, perceived barriers, social support, observational 
learning, reinforcement, behavioral skills, self-efficacy, 
intention, and knowledge. Respondents used a 5-point 
Likert scale to indicate their opinions, and data collection 
was done through self-reporting methods [30].

Behavior measurement
The behavior section included questions assessing the 
engagement in stretching exercises and the adherence 
to proper body posture during work. Participants rated 
their responses on a 3-point Likert scale, with options 
ranging from never to always, assigned values of 1 to 3 
points, respectively.

Data collection
The questionnaires were distributed to WwAL based 
on their availability during a 20-minute break time, and 
they were completed through self-reporting. Prior to 
completing the questionnaire, the researcher provided 
an explanation of the study’s purpose and the question-
naire’s structure. During the questionnaire completion, 
the researcher was present in the environment to offer 
guidance if any difficulties arose. Following the comple-
tion of the questionnaires, team members were assigned 
the task of quality control, reviewing the questionnaires 
for accuracy and completeness. Ultimately, after remov-
ing any incompletely filled-out questionnaires, a total of 
250 questionnaires were included in the study.

Bayesian networks
We constructed the BN model for predicting ERBE based 
on SCT by identifying the relevant variables and their 
relationships. The target node was ERBE, and the co-con-
structs of the theory were the effective factors. We then 
parameterized the network by assigning weights to each 
of the parameters and quantified the model. This allowed 
us to predict the probability of ERBE given the values 
of the input variables, which can be useful in designing 
interventions to improve ergonomic behaviors in the 
workplace. BN serve as visual depictions that illustrate 
the directional connections between variables, deter-
mined by conditional probabilities. The nodes within 
these networks represent variables and can encompass 
various potential states, such as high, medium, or low. 
Associations between variables are depicted through 
directed edges, with the edges pointing from the inde-
pendent (parent) variable to the dependent (child) vari-
able [33, 34] (Figs.  2 and 3). One of the key features of 
BN is their ability to detect even the smallest changes in 
parent parameters, which distinguishes them from other 
analytical tools. This sensitivity allows for a detailed anal-
ysis of how variations in parent variables affect the child 

parameter, providing a level of accuracy that is often not 
achievable through other methods [17, 18].

Statistical analyses
The questionnaire data were entered into SPSS 21 soft-
ware, and the information was coded to ensure anonym-
ity and confidentiality. The reliability of the SCT criteria 
was assessed using Cronbach’s α test. Descriptive statis-
tics methods, such as frequency, percentage, mean, and 
standard deviation, were employed to characterize the 
studied population.

To analyze the relationships between the dependent 
and independent variables, univariate analyses such as 
independent samples t-tests or ANOVA tests were con-
ducted based on the characteristics of the variables. 
Additionally, correlation analysis was performed to 
examine the relationship between the variables of SCT 
and ERBE.

To examine the factors that influence ERBE, BN analy-
sis was conducted using Netika software. ERBE was con-
sidered as the dependent variable (target node), while the 
constructs of SCT were treated as the independent vari-
ables (parent nodes).

Results
Participant characteristics
The women who took part in this study can be charac-
terized, on average, as being in the middle-aged category. 
They tended to have a moderately higher body mass 
index (BMI) and a moderate level of work experience. A 
majority of the women in the study were married, with 
56.4% reporting no intentional physical activity. Fur-
thermore, only 12% of the participants consumed one or 
more servings of dairy products per day (Table 1). Table 2 
shows different sites of the participants’ bodies with pain 
experience which they reported.

Common sites affected by chronic musculoskeletal pain
Shoulder, back, and neck regions were identified as the 
primary sites experiencing persistent pain throughout 
the last year and week. Furthermore, it was noted that 
women, in particular, encountered limitations in their 
daily activities both at home and outside due to pain in 
these areas. Conversely, ankle pain was reported as less 
prevalent than in the aforementioned locations, indicat-
ing its relatively lower frequency (Table 2).

Relationship between ERBE with demographic socio-
economic factors and SCT constructs
The ANOVA test revealed a significant relationship 
between ERBE acceptance and both physical activ-
ity and dairy consumption. Furthermore, the indepen-
dent samples t-test indicated a significant relationship 
between ERBE and education level. Specifically, among 
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women, those who were physically inactive exhibited 
a lower mean ERBE compared to their physically active 
counterparts. Additionally, women with a higher level of 
education and consuming three or more units of dairy 
products demonstrated a higher mean ERBE in compari-
son to other groups. However, no statistically significant 
relationship was found between ERBE and factors such as 
economic status or marital status in this study (Table 3).

The application of Pearson’s correlation coefficient 
analysis revealed a statistically significant association 
between ERBE and the constructs of intention, social 
support, observational learning, and reinforcement. 
Additionally, Table 4 presents other notable relationships 
among SCT constructs.

Bayesian network analysis of the performance of ERBE
Figure 2 displays the conditional probability table for the 
structures of SCT in relation to performing ERBE. It is 
observed that all SCT structures are associated with 
ERBE. Network analysis reveals that when we anticipate 
100% acceptance of the behavior, the barrier structure 
diminishes, while other SCT constructs demonstrate an 
increase as depicted in Fig. 3.

Sensitivity analysis aims to explore the connection 
between a target node’s posterior distribution and its par-
ent nodes. In the context of a BN, this analysis involves 
modifying the probability distribution of each factor and 
observing the resulting changes in the target node. The 
extent of these changes in the target node serves as the 
sensitivity value for each factor. According to the results 
of the sensitivity analysis, it was found that OL exhibited 
the highest sensitivity value (4.08). This finding suggests 

Table 1  Demographic characteristics of the studied women
Variable Mean ± SD
Age (year) 35.15 ± 7.99
BMI (kg/m2) 26.60 ± 15.02
Work experience (year) 8.00 ± 5.91

Number Percent
Education
  Under diploma 112 44.8
  Diploma and upper diploma 138 55.2
Marital status
  Single 57 22.8
  Married 145 58.0
  Widowed 48 19.2
Finances
  Well 11 4.4
  Moderate 125 50.0
  Poor 114 45.6
Physical activity
  No purposeful physical activity 141 56.4
  Less than 150 min per week 84 33.6
  150 min or more 25 10.0
Dairy consumption
  Never 50 20.0
  Less than two units 170 68.0
  Two or more units 30 12.0

Table 2  Prevalence of musculoskeletal pain during the past year and past week in women
Body part Past-year musculoskeletal pain

N (%)
Past-week musculoskeletal pain
N (%)

Prevented you from doing your 
normal work (at home or away 
from home) during the past-week
N (%)

Neck 169 (67.60) 129 (51.60) 80 (32.00)
Shoulder 185 (74.00) 134 (53.60) 84 (33.06)
Elbow 77 (30.80) 57 (22.08) 41 (16.04)
Wrists/hands 144 (57.60) 121 (48.40) 66 (26.40)
Upper back 150 (60.00) 124 (49.60) 63 (25.20)
Back 170 (68.00) 127 (50.80) 86 (34.40)
Hips/thighs 78 (31.20) 61 (24.04) 42 (16.80)
Knee 133 (53.02) 103 (41.20) 67 (26.70)
Ankles/feet 65 (26.00) 57 (22.80) 38 (15.20)

Table 3  The Relationship between ERBE and some demographic 
socio-economic variables
Variable Ergonomic 

behavior
F P 

value
Mean SD

Physical activity No purposeful 
physical activity

3.134 0.987 10.628 < 0.001

less than 150 min 
per week

3.678 0.971

150 min or more 3.80 0.957
Dairy 
consumption

Never 2.960 0.902 9.997 < 0.001
less than two units 3.400 0.976
Two or more units 3.966 1.129

Level of 
Education

Under diploma 3.311 0.943 4.472 0.035
Diploma and 
Upper diploma

3.464 1.098

Marital status Single 3.386 0.977 0.026 0.974
Married 3.393 0.995
Widowed 3.354 1.139

Finances Well 3.818 1.328 1.513 0.222
Moderate 3.424 0.961
Poor 3.298 1.038
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that if women prioritize and consistently practice ERBE 
in the workplace, the overall level of ERBE can be signifi-
cantly improved. Additionally, Table  5 indicates that all 
constructs of SCT were found to have a notable impact 
on the level of ERBE.

Discussion
Utilizing the BN methodology, this study aimed to 
uncover the key factors influencing the adoption of ERBE 
among women employed in assembly line work, leverag-
ing SCT. The findings revealed significant associations 
between women’s level of education, physical activity, 
and consumption of dairy products, and their ERBE. 
Moreover, all variables within the SCT framework dem-
onstrated sensitivity to women’s ERBE, with observa-
tional learning, intention, and social support displaying 
the highest sensitivity compared to other factors.

Our findings indicate a significant prevalence of mus-
culoskeletal pain in the neck, shoulder, and back among 
WwAL. This is consistent with a recent study conducted 
by Yang et al., which highlights that electronic assembly 
line workers face a higher risk of MSDs. This increased 
risk is attributed to the adoption of poor posture, pro-
longed periods of sitting or standing, and frequent 
repetitive actions [29]. Workers who engage in repeti-
tive motions and maintain improper work postures are 
particularly susceptible to musculoskeletal pain due to 
the repetitive stress placed on their muscles and joints, 
leading to overuse injuries [35]. Additionally, the devel-
opment of muscle fatigue in workers further exacerbates 
symptoms of musculoskeletal pain [36]. Consequently, it 
becomes imperative to educate workers on proper pos-
tures and provide ergonomic training to mitigate the risk 
of muscle fatigue and long-term MSDs.

In our study, we observed that individuals who engaged 
in higher levels of physical activity exhibited a higher 
average score of ERBE. According to a European study, 
individuals who engage in low levels of physical activity 
are more likely to have poor posture. The study found 
that both a sedentary lifestyle and low physical activity 
levels have a significant impact on postural parameters 
[37]. It appears that engaging in physical activity can 
enhance body condition through the improvement of 
muscle strength, balance, flexibility, and range of motion 
[38]. Additionally, a healthier lifestyle in women is asso-
ciated with increased awareness, motivation and com-
mitment to ERBE. The results of our study indicate that 
women with a higher level of education exhibit a signifi-
cantly greater tendency to engage in ERBE. This finding 
is consistent with the results of a separate Norwegian 
prospective study, which also identified a statistically sig-
nificant distinction between groups based on education 
and physical activity regarding the risk of chronic low 
back pain [39]. These findings emphasize the importance Ta
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of education in promoting ergonomic practices among 
women.

Observational learning displayed the highest degree 
of sensitivity toward ERBE in this study. Specifically, 
as observational learning increased, there was a cor-
responding increase in women’s engagement in ERBE. 

Observational learning encompasses various impacts, 
including the acquisition of skills and fostering confi-
dence in one’s capability to execute a particular behavior, 
known as self-efficacy. Notably, when individuals observe 
a “coping” model who effectively tackles and overcomes 
obstacles, their self-efficacy in learning complex new 

Fig. 3  Distributing the conditional probability when ERBE 100 is deemed favorable. In, Intention; SS, Social Support; OL, Observational learning; Re, 
Reinforcement; Ba, Barriers; OEN, Outcome Expectancies; OE, Outcome Expectations, SE, Self-efficacy; NB, Normative Beliefs; BS, Behavioral skills, Kn, 
knowledge; ERBE, Ergonomic Behaviors

 

Fig. 2  Probability distribution for the Bayesian network association of performance of ERBE. The figure was plotted by Netica. In, Intention; SS, Social Sup-
port; OL, Observational learning; Re, Reinforcement; Ba, Barriers; OEN, outcome expectancies; OE, Outcome expectations, SE, Self-efficacy; NB, Normative 
beliefs; BS, Behavioral skills, Kn, knowledge; ERBE, Ergonomic Behavior
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behaviors tends to increase [40]. Intention, as the second 
component, demonstrated a significant sensitivity to the 
implementation of ERBE. As intention levels increased, 
there was a corresponding increase in the frequency of 
individuals engaging in ergonomic practices. In other 
comparable instances, intention has proven to be a cru-
cial factor in adopting healthy behaviors [41, 42]. Strong 
intentions offer more accurate forecasts of behavior 
and demonstrate greater durability over time, exhibit-
ing increased resilience when subjected to interventions 
aimed at altering them [43]. Social support emerged as 
the third construct in our study, demonstrating the high-
est sensitivity to ERBE. Women who believed they had 
higher levels of social support were more inclined to 
engage in ERBE. A systematic review of prospective stud-
ies revealed a positive correlation between social sup-
port and the adoption of recommended behaviors among 
adults [44]. Social support has the potential to contrib-
ute to the advancement of workers’ healthy behaviors, 
encompassing exercise, self-care for chronic conditions, 
and overall health and well-being [45]. Consistent with 
this, higher levels of social support create an environment 
that encourages individuals to participate in ERBE by 
providing emotional support, motivation, practical help, 
the sharing of knowledge, and fostering self-confidence 
in their abilities. Additionally, the constructs of norma-
tive beliefs, behavioral skills, self-efficacy, perceived 
barriers, reinforcement, behavioral consequences, knowl-
edge, and outcome expectation value each displayed a 
degree of sensitivity towards ERBE. Sebastian et al. con-
ducted a study that demonstrated significant associations 
between all constructs of SCT and behaviors related to 
a healthy lifestyle [46]. According to this, it appears that 
when industry authorities endorse and accept ERBE 
among workers, and when there are minimal barriers to 
implementing such behaviors in the workplace, coupled 
with individuals possessing the necessary knowledge and 
skills, and having confidence in their ability to execute 
these behaviors, the likelihood of engaging in ergonomic 
practices increases. The comprehensive examination of 

SCT constructs in relation to women’s ERBE using BN 
revealed their collective effectiveness in explaining and 
predicting such behavior. Additionally, the study found 
that all constructs displayed varying degrees of sensitiv-
ity, indicating their relevance and impact on women’s 
engagement in ERBE.

Strengths
The study on WMSDs among WwAL possesses several 
notable strengths. Firstly, participants from six different 
industries offer diverse perspectives, enabling a compre-
hensive examination of the factors influencing WMSDs. 
Secondly, the study focuses specifically on a vulnerable 
group, acknowledging and addressing the unique chal-
lenges faced by these individuals. Thirdly, the study uti-
lizes a comprehensive tool based on SCT, enabling the 
identification and assessment of multiple individual, cog-
nitive, and environmental factors that influence behav-
ior. Fourthly, the study utilizes BN Analysis, a powerful 
statistical technique that enables the identification and 
modeling of multiple individual, cognitive, and environ-
mental factors. Collectively, these strengths highlight the 
study’s methodological rigor, its relevance to a vulnerable 
population, and its comprehensive exploration of influen-
tial factors, thereby making a valuable contribution to the 
field of WMSDs among WwAL.

Limitations
Given that the data relied on self-reporting, potential 
biases such as recall and social desirability could have 
influenced the findings. Additionally, the use of a cross-
sectional design limits the ability to establish causal 
relationships, warranting caution in drawing definitive 
conclusions. It is recommended to expand the scope of 
future research to include diverse age and gender groups, 
as this study exclusively focused on women employed in 
the assembly line.

Conclusions
All constructs of SCT prove effective in identifying the 
factors associated with the involvement of WwAL in 
ERBE. Given the established correlations between edu-
cation levels, variables related to a healthy lifestyle, and 
ERBE, it is clear that these factors should be considered 
when investigating the adoption of ergonomic practices 
among this population.
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Table 5  Maximum sensitivity values of SCT for the ERBE
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9 Outcome Expectations 0.856
10 Knowledge 0.4
11 Outcome Expectancies 0.28
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