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ABSTRACT
The present study involved a survey of over 1,000 rail staff and the objective was to determine
the effects of noise on well-being. One of the major problems with noise surveys has been the
lack of control of confounding factors and the present study used a measuring instrument (the
Smith Well-being Questionnaire - SWELL) that records information on demographics, lifestyle
and personality, as well as job characteristics. The outcomes measured included illness
caused or made worse by work, presenteeism, mental health problems, musculo-skeletal
disorders, stress at work, job satisfaction, fatigue, work-life balance and life stress. Over 40%
of the sample reported frequent exposure to high levels of noise and in some jobs this was
much higher. After controlling for possible confounders, noise was found to predict fatigue at
work, job satisfaction, presenteeism, musculo-skeletal disorders, illness caused or made
worse by work, work-life balance, life stress and general anxiety/depression. These findings
suggest that noise reduces the well-being of railway staff. Further research is needed on the
non-auditory effects of the frequent and loud noise exposure in this transport sector.

INTRODUCTION
Railway noise
There has been considerable research on the effects of railway noise and this has fallen into
several categories. First, there has been research on hearing loss in rail staff [1]. This is
because there are occasions when the noise from trains or the noise in maintenance depots
can be extremely loud and prolonged. Secondly, there has been research on community
annoyance related to railway noise [2] which has largely followed approaches developed to
study effects of other types of transport noise. Finally, there has been research looking at
railway noise exposure and health outcomes [3]. This has also been extended to consider
cognitive functioning [4].

Health and well-being of rail staff
In 2012 more than half a million people were employed in the rail industries of the EU [5].
Research carried out in the UK between April 2009 and March 2010 has shown that 3.5
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million working hours were lost to work-related ill health in the rail industry [6].The rail network
requires a diverse workforce to operate, upgrade and maintain the system. The main types of
staff are management and administrative staff, those involved in operations and traffic (e.g.
station staff and train crew), those carrying out track operations and maintenance (e.g.
signallers; track engineers), train maintenance engineers and other operational staff. In the UK
the running of the track is under the control of Network Rail. Separate operating companies
are then responsible for the passenger and freight services. The present study involved a
survey of the staff of a passenger railway company in the UK. The survey covered all of the
categories shown above apart from staff dealing with the track.
Many of the health and safety issues faced by rail staff have been the problems faced by
heavy industry. European statistics [7] show that accidents in the rail industry have slowly
decreased over the years. However, psychosocial problems such as stress have now become
more prevalent [8] and these, along with musculo-skeletal disorders, are the most common
problems. Risk factors include: lone working; irregular working hours; job demands; pressure
from customers and other members of staff; conflicting tasks; and having to comply with strict
regulations. Noise is also a major issue and, again, this comes from many different sources
and activities.

Well-being
Management of psychosocial issues has become a major topic of concern for the rail industry.
This has led to development of a “Railway Health and Well-being Roadmap” [9] and a more
holistic approach to health and well-being. This has followed the three components of
employee well-being approach [10] which identifies psychological well-being, physical wellbeing and social well-being. These areas are clearly related and while the main focus here is
on psychological well-being the present study also has implications for the other areas.
The study described here was part of a program of research on well-being at work. This
started with research that aimed to address “What is a good job?” [11]. A key finding from that
project was that one has to examine both positive and negative outcomes rather than inferring
one from the other. This view fits with research showing that positive and negative emotions
involved different brain processes. Much of our previous research on well-being at work has
focused on negative outcomes such as stress and fatigue [12; 13]. In contrast, research on
well-being largely deals with life satisfaction, happiness and positive affect [14].
Another feature of the present research was that it used a process model similar to those
developed in stress [15; 16; 17] and fatigue research [18]. Such models start with job
characteristics that may influence well-being (e.g. negative characteristics such as job
demands; positive characteristics such as control and support), appraisals (e.g. perceived
stress; job satisfaction) and outcomes (health outcomes such as anxiety and depression,
musculoskeletal disorders and illnesses caused or made worse by work; absenteeism;
accidents; presenteeism and performance efficiency). In addition to work-related factors it is
important to measure individual characteristics (e.g. positive personality and healthy lifestyle).
It is also important to assess life outside of work and work-life balance.
In order to measure the multiple constructs described above it is necessary to use short
scales. This approach has been used by Williams & Smith [19] and many of the items in the
present survey were developed in the Well-being Process Questionnaire (WPQ). These items
have been shown to be highly correlated with the longer scales from which they were derived
and to show the predicted associations between job characteristics, appraisals and outcomes
[20; 21]. In other words, the survey measured both positive and negative aspects of well-being
(job characteristics; appraisals; and outcomes) using single items which had been shown to
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correlate highly with longer scales. These single items also showed the same predictive
validity as the longer scales.
Another aim of the project was to extend the sample to consider a very different occupation
from the ones studied in previous research. Indeed, much of the previous research on wellbeing has used public sector employees (e.g. nurses; teachers and university staff) and there
have been very few investigating blue collar workers as well.

Noise and well-being at work
This paper addresses three key topics in noise research. The first relates to the effects of
noise on well-being at work using a wider range of measures than previous studies. The
second is whether effects of noise are specific or reflect other correlated attributes. In the
workplace noise exposure is often associated with other negative factors such as exposure to
dangerous machinery or having to perform demanding tasks. If one finds associations
between noise levels and outcomes such as stress or mental health one needs to ask whether
it is the noise per se that leads to such effects or whether other job characteristics associated
with noise exposure underlie these associations.
The third issue examined here is the explanation of non-auditory effects of noise. It has often
been the case that noise effects have been explained in terms of an increase in stress.
However, recent studies (reviewed in [22; 23]) suggest that environmental noise exposure
does not lead to reliable effects on key outcomes of the stress process (stress hormones;
immune parameters; and mental health). Research has often not addressed the issue of
whether occupational noise exposure influences both perceived stress and mental health
outcomes. If noise exposure influences these measures then one needs to examine whether
such effects reflect associations with other psychosocial stressors or are independent effects
of noise. This was investigated here using a recently developed measuring instrument (the
Smith Well-being Questionnaire – [24]) plus some questions which were especially relevant
for rail workers. The present study examined the effects of noise on a wide range of wellbeing outcomes: musculo-skeletal disorders; job satisfaction; fatigue; illness caused or made
worse by work; presenteeism; efficiency at work; happiness at work; absenteeism and
accidents at work. Work-life balance and general life outcomes (life stress; life satisfaction; life
happiness; and life anxiety/depression) were also examined. Established predictors of the
outcomes, and possible confounding factors, were also measured (lifestyle; personality; job
demands; control/support at work; working hours; and exposure to fumes) and controlled for in
the analyses.

METHOD
The present study was carried out with the approval of the Ethics Committee, School of
Psychology, Cardiff University, and the informed consent of the participants.
The questionnaire used was based on the Smith Well-being Questionnaire (SWELL, [24]). It
was designed to provide a detailed profile of the well-being of the organisation. It also allows
consideration of specific issues and the one of interest here was the association between
noise exposure and different outcomes. Initially, univariate analyses were carried out to
examine any associations with reported noise exposure. Following this subsequent analyses
adjusted for possible confounders (e.g. other aspects of the physical environment such as
fumes; working patterns – shiftwork; job characteristics such as demands, control/support;
personality; and lifestyle).
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Sample
1099 employees of a train company completed the questionnaire (Mean age: 44.25 years,
range: 77.8% Male). This represented a response rate of approximately 50%. The main job
types were train drivers, conductors, engineers, station staff, administrators, managers and
catering stewards. Participants who completed the survey were entered into a prize draw.

Questionnaire
This is shown in Appendix 1. Self-reported noise exposure (measured on a scale of 1 -10,
“Not at all” to “Very much so”) was the independent variable and the work-related outcomes
were: musculo-skeletal problems; stress at work; job satisfaction; fatigue; illness caused or
made worse by work; presenteeism; efficiency at work; anxiety/depression because of work;
happiness at work; absenteeism and accidents at work. Work-life balance and general
outcomes (life stress; life satisfaction; life happiness; and life anxiety/depression) were also
examined. Established predictors of the outcomes, and possible confounding factors, were
also measured: lifestyle; personality; job demands; control/support at work; working hours;
and exposure to fumes.

RESULTS
Over 40% of the sample reported frequent exposure to high levels of noise (7 or more on the
10 point rating scale) and in some jobs the incidence of noise exposure was much higher (e.g.
train drivers: 62%; maintenance engineers: 82%).
A factor analysis (varimax rotation; eigenvalues > 1) was carried out on the predictor
variables. This revealed a 3 factor solution. The first factor accounted for 30.0% of the
variance and consisted of noise, fumes and doing shiftwork. The second factor accounted for
21.1% of the variance and consisted of positive personality, a healthy lifestyle and
control/support at work. The final factor accounted for 15.4% of the variance and consisted of
job demands. A similar analysis was carried out on the outcome variables. This produced a
four factor solution. The first factor accounted for 32.4% of the variance and included work and
life measures of happiness, satisfaction and efficiency at work. The second factor accounted
for 10.2% of the variance and included fatigue, work-life balance and stress at work. The third
factor accounted for 7.3% of the variance and included life stress and general
anxiety/depression. The final factor accounted for 6.7% of the variance and included
absenteeism and accidents at work.
Correlations between the predictor factor scores and the outcome factor scores were
calculated. The factor including noise was significantly correlated with the fatigue/stress at
work factor (r=0.26 p < 0.001) and the absence/accidents factor (r=0.11 p < 0.005). Job
demands and personality/lifestyle/control-support were also correlated with these outcomes.
Noise alone was significantly correlated with the fatigue/stress at work factor (r=0.23 p <
0.001) and the absence/accidents factor (r=0.10 p < 0.005).
The next set of analyses examined whether the effects of noise remained significant when the
noise variable was dichotomised into high (a rating > 6) or low exposure groups. The outcome
variables were also dichotomised and chi-square tests carried out on the cross-tabs. Initial
analyses examined the dichotomised outcome factors and confirmed that high noise was
associated with greater fatigue/stress at work (chi square = 24.4 p < 0.001) and also with life
stress/general anxiety (chi square = 4.4 p <0.05). Similar analyses were then conducted for
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the individual outcome variables. The results of these analyses are shown in Table 1. These
confirm the significant associations between noise and the outcomes.
Table 1: High/low noise exposure and outcomes
Outcome

Low noise

High Noise

Significance

High Fatigue

50.0%

68.4%

High Stress at Work

34.5%

44.0%

Poor work-life balance

42.1%

59.1%

Chi-square = 37.0
p< 0.001
Chi-square = 10.1
p=0.001
Chi-square = 30.3
p<0.001

Multi-variate logistic regressions including all the other predictors were then carried out to
determine whether the effects of noise remained significant when possible confounding factors
and age were covaried. All of the outcomes were examined as effects of noise not apparent in
univariate analyses may occur when the variance due to other factors is removed. These
results are shown in Table 2. There were no significant effects of noise for: happiness, life
satisfaction, absenteeism, accidents or stress at work. Some of these variables had shown no
significant effects of noise in the univariate analyses (e.g. happiness/job satisfaction) whereas
others had (e.g. stress at work) but the multi-variate analyses showed that the effect of noise
could be accounted for by other job characteristics (in the case of stress at work by job
demands). Fatigue and work-life balance had been significantly associated with noise in the
univariate analyses and these effects remained significant in the multi-variate analyses. The
effect on work-life balance was associated with other more general effects of noise on mental
health (life stress and general anxiety/depression). Some other effects of noise were also
present. Job satisfaction was lower in those who reported greater noise exposure. Higher
noise exposure was also associated with greater presenteeism (working when not healthy)
and in reporting of illness caused or made worse by work. Noise exposure also showed a
significant association with musculo-skeletal disorders.
Table 2: Logistic regressions adjusting for other predictors
Outcome
Fatigue
Work-life balance
Life stress
Anxiety/depression
Job satisfaction
Presenteeism
Musculo-skeletal
disorders
Illness caused or made
worse by work

Noise OR
1.68
1.47
1.64
1.58
2.28
1.43
1.83

CI
1.19-2.39
1.08-2.02
1.20-2.26
1.01-2.45
1.24-4.16
1.03-2.03
1.29-2.59

Significance
p < 0.005
p < 0.05
p < 0.005
p < 0.05
p < 0.01
p < 0.05
p<0.001

2.09

1.46-2.98

p < 0.001

DISCUSSION
The present study examined the relationship between reported noise exposure and aspects of
well-being. This was carried out in a large sample and involved the complete range of jobs
present in a passenger rail company. Multiple wellbeing outcomes were included and these
covered both negative and positive outcomes and assessed these both at work and outside
work. Other job characteristics were also assessed and the effects of these variables covaried
in the analyses. Individual characteristics such as lifestyle and personality were also assessed
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and included as factors in the multi-variate analyses. In summary, the study had many positive
features (large sample size, holistic approach to well-being, and control of possible
confounders).
Over 40% of the sample were exposed to frequent noise and in some jobs this was much
higher. Noise exposure was associated with other negative job characteristics (exposure to
fumes and shiftwork) and the effects of these, and other psychosocial work characteristics
(demands, control and support) were co-varied, as were lifestyle and personality. The results
showed that noise was associated with greater fatigue at work, higher presenteeism and
greater reporting of illness caused or made worse by work. Job satisfaction was also lower in
those exposed to noise. The incidence of musculo-skeletal disorders was also greater in the
high noise group but this probably reflects the nature of the jobs associated with noise
exposure rather than noise per se. These effects of noise in the work place require further
investigation, using longitudinal designs to examine causality and an objective measurement
of noise.
The results also suggested that the effects of noise carried over into life outside of work. This
is not surprising given that noise was associated with greater fatigue, which would persist after
work has finished, and with greater illness associated with work. The workers exposed to
noise reported greater illness associated with work and they were more likely to continue
working when ill (greater presenteeism). The effects of illness caused by work would not be
restricted to the work place but would carry over into life outside of work. This effect of work
can plausibly account for the reduction in work-life balance reported by the high noise group.
This, in turn, is reflected in the higher life stress and more mental health problems reported by
the high noise group. This persistence of the effects of occupational noise exposure to life
outside of work provides a plausible mechanism for the development of chronic disease
induced by noise at work. Future research needs to examine the presence of chronic disease
in rail workers with and without high noise exposure to address this issue. Research has
shown that it is important to recover from work [25] and this might be a useful strategy to
reduce the persistence of the negative effects of occupational noise exposure.
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APPENDIX
Questionnaire to assess well-being of rail staff (SWELL, Smith & Smith, 2017)
1.

Age (years):

2.

Gender: M/F

3.

Job description:

4.

Health-related behaviours

A healthy lifestyle involves taking exercise, eating a balanced diet, not smoking, not drinking
excessive amounts of alcohol, and not being overweight. To what extent do you have a
healthy life style?
Not at all

Very much so

1

2

3

5.

Personality

4

5

6

7

8

9

10

People often describe themselves as being positive (“seeing” the glass as half full) or negative
(“seeing the glass as half empty”). How would you describe yourself?
Very negative
1

2

Very positive
3

4

5

6

7

8

9

10

Thinking about the last 6 months:
6.

Life satisfaction

How satisfied are you with life in general?
Not at all

Very much so

1

2

3

7.

Life stress

4

5

6

7

8

9

10

How much stress have you had in your life in general?
Very little

A great deal

1

2

3

8.

Happiness

4

5

6

7

8

9

10

Would you say you are generally happy?
Not at all

Very much so

1

2

3

4

9.

Anxious/Depressed

5

6

7

8

9

10

Would you say that you generally feel anxious or depressed?
Not at all

Very much so

1

2

3

4

5

10.

Musculo-skeletal problems

6

7

8

9

10

9

Do you suffer from musculo-skeletal disorders (e.g. arthritis; back pain; sciatica; repetitive
strain injury)?
Not at all
1

2

11.

Noise

Very much so
3

4

5

6

7

8

9

10

Are you exposed to noise at work?
Not at all

Very much so

1

2

3

4

12.

Shift work/Night work

5

6

7

8

9

10

Do you work shifts or work at night? Yes/No
13.

Fumes

Are you exposed to fumes, dust or solvents at work?
Not at all

Very much so

1

2

3

14.

Job demands

4

5

6

7

8

9

10

How demanding do you find your job (e.g. do you have constant pressure, have to work fast,
have to put in great effort)?
Not at all demanding
3

Very demanding

1

2

4

5

15.

Job control and support

6

7

8

9

10

Do you feel you have control over your job and support from fellow workers?
Not at all

Very much so

1

2

3

4

5

16.

Perceived stress at work

6

7

8

9

10

How much stress do you have at work?
Very little

A great deal

1

2

3

4

17.

Job satisfaction

5

6

7

8

9

10

Are you satisfied with your job?
Not at all

Very much so

1

2

3

4

5

18.

Physical and mental fatigue

6

7

8

9

10

How physically or mentally tired do you get at work?
Not at all tired

Very tired

1

2

3

4

5

6

7

19.

Illness caused or made worse by work

8

9

10

Have you had an illness (either physical or mental) caused or made worse by work?

10

Yes/No
20.

Presenteeism

Do you ever come to work when you are feeling ill and knowing you can’t do your job as well
as you would like to?
Yes/No
21.

Efficiency at work

How efficiently do you carry out your work?
Not very efficiently
3

Very efficiently

1

2

4

22.

Work-life balance

5

6

7

8

9

10

Do you find your job interferes with your life outside work or your life outside of work interferes
with your job?
Never

Very often

1

2

3

4

23.

Happy at Work

5

6

7

8

9

10

Are you happy at work?
Never

Very often

1

2

3

4

5

6

7

24.

Anxious/Depressed because of work

8

9

10

Are you anxious or depressed because of work?
Never

Very often

1

2

3

25.

Absenteeism

4

5

6

7

8

9

10

Approximately how many days sick leave have you had in the last 12 months? _______
26.

Accidents at work

How many accidents requiring medical attention have you had in the last 12 months? ______
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