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Abstract The performance of employees in a transport

set is highly affected by their satisfaction and occupational

problems. Underground metro drivers work in special

conditions as compared with the drivers of suburban trains

and urban tramways. Even though several studies have

focused on the ergonomics of train drivers, there is a dearth

of research on underground metro drivers. This study was

conducted to investigate the factors affecting the under-

ground metro drivers’ occupational problems such as

depression and level of satisfaction. The study was carried

out on underground metro drivers in Tehran, Iran. The

required data were collected through interviews, self-report

tests and a depression scale. The classification and

regression tree (CART) model was used to measure the

relationship among depression, different conditions and

other demographic characteristics. By using hierarchical

clustering, metro drivers were divided into two categories

with desirable and undesirable levels of satisfaction with

regard to varying levels of satisfaction in different fields.

By labelling them and reusing the CART model, the most

important parameters affecting the satisfaction of drivers

were extracted. The results indicated that more than half of

metro drivers were depressed. The most important factors

in the incidence of depression were: resentment of some

psychological factors such as dissatisfaction with loneli-

ness in the cabin, stress and fear of an incident, fatigue,

dissatisfaction with the resting place, work experience

more than 3.5 years, dissatisfaction with rights and the

need for a second job. Also, the most important factor

affecting satisfaction was the quality of the resting place.

Keywords Underground metro driver · Occupational

problems · Depression · Job satisfaction

1 Introduction

The system in the metro lines of Tehran and other major

cities of Iran such as Mashhad, Tabriz and Isfahan is a kind

of traditional guidance operation. In this operation, the

guidance system relies on the metro driver. The metro

driver plays a key role in driving the train as well as

opening and closing the doors. Previous studies have

shown that this job is a complex career. The metro driver

operates in the context of surrounding environmental

observations, signs of maintenance, automated cognitive

process, memory constraints and dynamic decisions [1].

The train drivers not only direct the trains and the doors at

the stations, but also play an important role in many other

hidden tasks, such as predicting, observing, interpreting

and responding to events around them [2].

Satisfaction and problems of metro drivers can be con-

sidered in four categories: (1) psychological needs and

work strain; (2) psychological problems after an accident;

(3) the quality of sleep and fatigue; and (4) status of the

metro driver cabin.
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Psychological needs and work strain of the metro driver
Conducting and controlling the metro is a psychological

task that requires long-term work and intense concentration

to pay attention to signals and stimuli [3, 4]. In addition,

due to the special steadiness of this profession in the long

run, it will be very difficult to maintain a conscious mind

[5, 6]. Failure to pay attention to the psychological needs of

train drivers and metro drivers will lead to mistakes, and an

accident may occur [7, 8]. With regard to the recent

advances in the train and metro industry in terms of higher

performance and speed, the bulk of studies have been

conducted to optimize the performance of the rail industry

drivers [9, 10]. Such changes will have a significant impact

on the psychological needs of metro drivers. To understand

this, a conceptual model has been presented based on other

important career models [11–15]. This conceptual model

illustrates the relationship between psychological charac-

teristics of work, volume and workload, and psychological

needs. Psychological features of work include mental tasks,

decision making and psychological needs [13]. These

characteristics and psychological needs can create short-

term stress that might be followed by interventions

[12–16]. These reactions include mental and nervous

pressure, fatigue, sleepiness and decentralization. As a

result, daily retrieval for drivers and metro drivers should

be considered. The recovery should be such that the metro

driver has the same amount of energy for the day as before,

otherwise short-term pressures will have long-term effects

[13–16].

Psychological problems of the metro driver after an
accident Previous studies have shown that train drivers are

distressed after a human and train crash, up to a year later

[17]. A study was conducted to assess the psychological

consequences of an accident on train drivers. In this regard,

202 drivers with an accident record had been compared to

186 other drivers. In three stages, i.e. 15 days, 3 months

and 1 year after the incident and using the General Health

Questionnaire–28 (GHQ-28) and a standardized diagnostic

interview, a significant difference was observed in GHQ-28

score and stress disorder 15 days after the incident between

drivers with an accident record and other drivers. However,

there was no significant difference in the 3-month and

1-year periods [18]. Another study was conducted on the

human-train collision to determine the amount and duration

of remaining stress, anxiety, depression and quality of life

after the accident. In addition, the relationship between

post-incident stress predictors such as quality of life, dis-

tress and lack of meaning of life has been analyzed.

Seventy-three drivers at the onset, 71 drivers at the outset,

and 49 drivers after 4 weeks of rehabilitation were evalu-

ated using a questionnaire, and emphasis was made on the

effectiveness of post-accident rehabilitation [19]. Another

study was conducted on the pattern of post-traumatic

disorder and post-traumatic stress on metro drivers who

have experienced an accident with a train with respect to

personality and environmental characteristics. A question-

naire was used for data collection, of which 79% were

filled in. Drivers with an accident experience had expressed

more unpleasant physical and psychological symptoms.

The environmental and personal conditions had no relation

to the level of disorder and stress after the accident [20].

The quality of sleep and fatigue of the metro driver
Fatigue is one of the effective parameters in risk manage-

ment that is related to work and non-working factors [21].

The consequences of fatigue in road and air transport are

well documented. The lack of studies on the fatigue of train

and metro drivers is apparent compared to car drivers and

aircraft pilots [22, 23]. Train drivers do not have a routine

sleep pattern due to shift work, which may lead to double

fatigue. In some countries, such as the United States and

Australia, biological models are used to identify and

evaluate the fatigue of train operators to identify the

specific shift that entails great fatigue [22]. It is worth

noting that according to previous studies, drivers who are

unmarried, hold a university degree and have limited

driving experience exhibit a low perceived ability to con-

trol fatigue [24]. An extensive study was conducted to

determine the effect of fatigue on the lack of attention to

the red signal, centered on train drivers. Reasons, conse-

quences and strategies to combat fatigue were determined

[25]. Furthermore, a study has been carried out on train

drivers in one of the Australian networks for sleep and

performance. Considering the 8-hour shift and the rest in

the special cabins, the drivers had a shorter sleep time and

low-quality sleep than rest at their own homes. Hence,

cumulative sleep apnea occurs, but drivers maintain their

vigilance until the end of the work cycle [26]. Nighttime

sleep of train drivers is usually short, and it is usually

disordered due to overnight shifts, which in turn causes

sleepiness and consequent human mistakes. In a study, the

effect of rhythmic sleep regulation was investigated for

preventing sleepiness. By studying 134 train drivers, it was

concluded that sleeping rhythm decreases dramatically by

adjusting the sleep rhythm [27].

The status of the metro driver cabin In 2012, the Service

Technique des Remontées Mécaniques et des Transports

Guidés (STRMTG) issued a handbook on driver ergo-

nomics concerned with the cabin. The goal was to

determine design minima to meet the metro driver’s sat-

isfaction and other metro driver requirements. Three

categories of requirements were presented, as follows: (1)

view, (2) position of controls and (3) windshield and side

windows. In this study, two locations of the metro driver

(center and out of center) were surveyed by collecting

observations and questionnaires from seven tram networks.

Observations indicated that some subway drivers complain
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about seat quality and some other pedal access. Also, the

reflection of the control screen on the windshield is

sometimes annoying [28]. Extensive studies have focused

on subway drivers and their operational space in the cabin,

including feedback from the cabin space and ideal seat

positioning. According to the reports, many metro drivers

complained of frequent fatigue and general discomfort

despite enough facilities to change the preferred position of

the chair by the metro driver. The most important results of

the study were the installation of an adjustable armchair for

the metro driver and the need for proper coverage on

dashboards to reduce the reflection of light on the wind-

shield of the cabin [29]. Meanwhile, the comfort level of

the driver’s perception of the signs and signals in the cabin

and the route affect safety [30].

The main objective of this study is to assess the satis-

faction of the underground metro drivers with various

aspects of physical and psychological aspects, and to

examine the possibility of depression among them and the

factors affecting it. Despite studies on the psychological

aspects of train drivers in normal conditions or after an

accident, limited studies have been conducted on under-

ground metro drivers. Underground metro drivers work in

special conditions as compared with the drivers of subur-

ban trains and urban tramways. These special working

conditions for underground metro drivers are as follows:

continuous work in tunnels and cabins, stopping at nearby

and overcrowded stations, safety concerns, especially in

the stations, and other responsibilities. Moreover, metro

driver faces many challenges. Some of the problems of

metro drivers are loneliness in the cabin, limited space and

light of the cabin and tunnel, long shift, uniformity of

work, inadequate income, etc. Accordingly, due to the

sensitivity of this occupation, examination of the dissatis-

faction and probability of depression among metro drivers

and the factors affecting them seem quintessential.

2 Methodology

The metro organization of Tehran was selected to study the

conditions of metro drivers. Group meetings and initial

single interviews were held with a number of drivers from

Tehran Metro Company. In this way, their main problems

and concerns were identified. According to the metro dri-

vers, the main problems were noise pollution, loneliness,

accidental stress, air conditioning and road lighting. Fig-

ure 1 shows the percentage of these factors. Parameters

affecting the mental and physical aspects of the metro

driver were extracted using preliminary interviews and

previous studies. A questionnaire was prepared based on

these parameters. Also, given the oral explanations and

metro driver conditions, the probability of depression

among them was studied. Depression is one of the most

dangerous and important issues in the field of mental health

of the community. Lack of attention to depression causes

irreparable problems. For this purpose, a standard depres-

sion test was used, and the relationship between all

psychological and physical parameters of the metro driver

with depression was studied. Also, by categorizing metro

drivers at two levels of satisfaction, effective parameters

were determined for the satisfaction level of metro drivers.

2.1 Participants

Tehran Metro consists of five urban lines and one active

suburban line with a total length of 204 km (127 miles).

According to the data obtained in 2015, an average of 3

million passengers per day and 670 million passengers per

year would travel on 1000 active wagons.

Data were collected through interview with Tehran’s

metro drivers who were randomly selected. The sample of

study consists of 96 Tehran metro drivers. Due to the fact

that there is no female metro driver in Tehran, 96 male

metro drivers have been studied. The average age of the

metro drivers was 32.96 years with a standard deviation of

3.78 years, and the average of work experience (back-

ground) was 7.97 years, with a standard deviation of

2.92 years.

2.2 Self-Developed Questionnaire

The questionnaire was designed based on the previous

studies on psychological requirements, the previous studies

of hardware and environmental ergonomics of metro and

train drivers, and also the major issues raised in the initial

interviews with the metro drivers.

The items related to psychological requirements that

have been measured in this questionnaire and reported in

various studies were fatigue, dissatisfaction with loneliness

Fig. 1 The percentage of the main concerns and problems
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in the cabin, stress from an accident occurrence, the post-

traumatic stress, occupational safety, need for a second job

and the disruption of family relationships.

The related hardware and environmental ergonomics

items are sport activity, the comfort of the metro driver’s

seat, rest time, cabin and route lighting, visibility, air

conditioning, cabin temperature and noise pollution.

Based on the abovementioned parameters, a question-

naire was prepared including multiple-choice questions to

measure the drivers’ occupational problems that deal with

the environmental, mental, physical and other social and

individual factors (first part of questionnaire) and degree of

satisfaction or dissatisfaction (second part of question-

naire). The respondents rated each item on a six-point

Likert scale (1=never, 2=very low, 3=low, 4=medium, 5

=high, 6=too high), and the difference between every two

successive degrees is the same. The internal consistency of

the scales as measured by Cronbach’s alpha was 0.82 for

the first part and 0.89 for the second part of the question-

naire, and the questionnaires were validated by a panel of

experts in the field of psychology.

2.3 Beck Questionnaire

To measure depression, the Beck Depression Inventory

prepared by Aaron T. Beck was used [31]. The Beck

Depression Inventory is a 21-item multiple-choice self-re-

port inventory among psychometric tests widely used to

measure the depression degree in adolescents and adults.

This questionnaire assigns 1–6 points based on the answers

given by people in response to the questions (1: non-de-

pression, 2: slightly depressed, 3: needing to refer to the

psychologist, 4: relatively depressed 5: severe depression, 6:

excessive depression). Points 1 and 2 are in the non-de-

pressed group, and from grade 3 upward are in the depressed

group, and they require a referral to a psychologist. Based on

the obtained information, more than half of the statistical

population of the study was suffering from depression. Fig-

ure 2 shows the ratio of the depressed and non-depressed of

the statistical population. The internal consistency of the

scales as measured by Cronbach’s alpha was 0.91.

3 Models and Data

3.1 Classification and Regression Tree

Parameters affecting the possibility of depression of metro

drivers were extracted by dividing them into two groups:

depressed and non-depressed. For this purpose, a classifi-

cation and regression tree algorithm (CART) model was

used to examine the relationship between independent

parameters examined through a questionnaire with

dependent depression parameters. Figure 3 depicts the basis

of the CART model. The principle of the CART method in

developing the classification tree is such that, at first, the

entire data is concentrated in the upper node of the tree,

which is called the root node. The data are divided by one of

the independent variables (splitter) that produces the most

purity. In fact, the data in each child node is more homoge-

nous than its upper parent node. This process continues to the

extent that the data in each node has the highest purity. It is

referred to as the terminal node or the leaf.

The most popular criterion for node purity is the Gini

index, which is obtained from the following equation:

Gini tð Þ ¼
X

i 6¼j

pðjjtÞpðijtÞ ð1Þ

where i and j are categories of the target field, and

p jjtð Þ ¼ p j; tð Þ
p tð Þ ; p j; tð Þ ¼ p jð ÞNj tð Þ

Nj
; p tð Þ ¼

X

j

p j; tð Þ ð2Þ

where p jð Þ is the prior probability value for category j,
Nj tð Þ is the number of records in category j of node t and Nj

is the number of records in category j of the root node.

Note that when the Gini index is used to find the

improvement for a split during tree growth, only those

records in node t and the root node with valid values for the

split predictor are used to compute Nj tð Þ and Nj, respec-

tively. The Gini index is equal to 0 when all the

observations in one node belong to a unique group, which

shows the least impurity.

3.2 Hierarchical Clustering

A hierarchical clustering (HC) algorithm had been used in

order to cluster the metro drivers in terms of satisfaction in

different fields. HC has two types of strategies, divisive and

agglomerative. Divisive methods are “top-down”

Fig. 2 Depression ratio of the statistical population
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approaches in which all records start in one cluster and

splits are performed recursively as one moves down the

hierarchy. Agglomerative methods are “bottom-up”

approaches in which each record starts in its own cluster,

and pairs of clusters are merged as one moves up the

hierarchy. The Ward linkage algorithm, which is one of the

agglomerative methods and has widely been used in many

studies [32], was employed in the current study to group

the metro drivers. Figure 4 represents the basis of the

hierarchical clustering model. In this figure (dendrogram),

the number of clusters obtained by defining a threshold can

be seen.

3.3 Variable Significance

The identification of variables has major importance in the

prediction of the target variable and is one of the most

crucial steps in modeling. The importance of variable xi
that intervenes in the CART model is defined in the fol-

lowing equation:

VIM xið Þ ¼
XT

t¼1

nt
N
DGini S xi; tð Þð Þ ð3Þ

where DGini S xi; tð Þð Þ represents the reduction of the Gini

index on the basis of variable xi in node t,ntN is the pro-

portion of the observations in the dataset that belong to

node t, T is the total number of nodes and N is the number

of total cases. This value is calculated for all of the inde-

pendent variables and is scaled such that its summation for

all variables is one. The variable that has the most

importance with respect to the others has the largest

number [33, 34].

3.4 Rules Extraction

The decision tree’s structure can be transformed into rules

in order to extract potentially useful information. Each

possible path of the decision tree, from root to leaf, can be

a rule, and its validity can be measured by support and lift

criteria. The support is the ratio between the number of

items belonging to the class j of the terminal node t and the

total number of items. The lift is the ratio between the

proportion of items in the terminal node t and root node

that belong to the class j.

3.5 Model Assessment

In this study, accuracy is measured by tenfold cross-vali-

dation for CART models, due to the limited number of

data. Also, overall precision, recall and F1 score are

extracted according to the classification table to classify the

dependent variable in two levels (e.g., positive and nega-

tive). Accordingly, four different cases are summarized in

Table 1.

As illustrated in Table 1, TP and TN denote the number

of positive and negative samples, which were accurately

predicted by the model. In return, FP and FN indicate the

number of positive and negative samples, which were

wrongly classified. To assess the model performance using

Fig. 3 Basis of the decision tree

Fig. 4 Basis of hierarchical clustering
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the classification table, the following measurements should

first be calculated:

Accuracy ¼ TP þ TNð Þ / ðPosþ NegÞ ð4Þ
Precision ¼ TP= TPþ FPð Þ ð5Þ
Sensitivity or Recall ¼ TP=TPþ FNð Þ ð6Þ

F1 ¼ 2� Precision� Recall

Precisionþ Recall
ð7Þ

Equation (4) can be used to obtain the model’s overall

accuracy. The closer the model is to 1 in accuracy, the

stronger it is in classifying the samples. Equation (5) can be

used to obtain the model’s precision, and it is the ratio of

correctly predicted positive observations to the total pre-

dicted positive observations, which shows the accuracy of

the model. Also, high precision relates to the low false

positive rate. Equation (6) can be used to obtain the

model’s recall, and it is the ratio of correctly predicted

positive observations to all observations in the actual class,

which shows the sensitivity of the model. The F1 score

might be a better measure to use if we need to seek a

balance between precision and recall, especially to choose

the best decision tree depth. Equation (7) can be used to

obtain the model’s F1 score.

3.6 Data

By collecting questionnaires completed by metro drivers, a

database of 96 rows of informationwas prepared. Each of the

information rows contained 30 independent parameters, and

Table 2 shows descriptions of each variable. Eventually, 30

independent variables and one target variable (depression or

non-depression) were inserted into the CART model. Also,

17 parameters, which were related to the satisfaction level of

metro drivers, were inserted into the hierarchical clustering

model. In summary, in order to identify the parameters

affecting the overall satisfaction of subway drivers, only 17

independent parameters related to satisfaction in different

fields were entered into the model, and the parameter of

satisfaction with rest place was significantly different from

the others. It has affected the overall satisfaction of themetro

drivers. For the depression model, 30 independent parame-

ters were included in the model, 17 of which were for partial

satisfaction, and 13were for psychological and demographic

ones. Therefore, partial satisfaction is shared between the

two models of satisfaction and depression as model input

data to observe the independence among the 17 independent

parameter variables.

4 Results

4.1 Depression Model

The CART method was used to implement the decision

tree, analysis and classification of metro drivers into two

categories of depressed and non-depressed. In modelling,

we usually face the over-fitting problem so that the model

has a very high precision but does not work well in the

evaluation process. One way to prevent over-fitting in

decision trees is to decide whether or not to prune, control

and prevent the increase in the depth of the tree. One of the

parameters is the F1 score controller, which, if maximized,

represents the balance between precision and recall of the

model and overcomes the problem of over-fitting to a great

extent. With multiple modelling with different depths,

accuracy and F1 score, the three-step expansion depth of

the decision tree was selected. The decision tree made is

displayed in Fig. 5. In this model, the variable that creates

the most purity in the data separation, or in other words, the

most reduction of the Gini index, is located at the highest

level of the tree. Also, the next variables are determined

based on the most reduction in the Gini index in the other

nodes of the decision tree. Meanwhile, variables that are at

higher levels of the decision tree are more important.

Given the limited numbers of data, using a tenfold cross-

validation method, prediction models of depression prob-

ability were developed ten times and evaluated. The mean

accuracy of the model was 0.72, which is appropriate. In

Tables 3 and 4, the evaluation of each step and the final

confusion matrix of all the steps are displayed. The accu-

racy of diagnosis of depression and lack of depression in

this model was 61% and 79%, respectively, and the mod-

el’s evaluation shows that the input parameters of the

model were capable of detecting depressed and non-de-

pressed metro drivers.

4.1.1 Structure of the Depression Model

A decision tree consists of multiple paths from root to leaf

representing a classification decision rule. In this section,

we tried to explain the nodes, the percentage of data

classification and purification obtained in each node, and

also considered all paths of the decision tree. In order to

Table 1 Confusion matrix Observed Predicted

Positive Negative

Positive TP FN

Negative FP TN

Total Pos Neg

FN false negative; FP false

positive; TN true negative; TP

true positive; Pos positive;

Neg negative
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better understand the relationship between the text and the

shape of the decision tree, the paths leading to each node

and the leaf enclosed in parentheses are summarized.

The tree is made up of 13 nodes and 7 leaves (Fig. 5).

Root nodes are divided into two groups based on the

variance parameter of loneliness. Drivers with resentment

of loneliness higher than 4 (5=high, 6=too high) were

more likely to be depressed than those with a resentment

rate of less than 4 [85% (29=34) vs. 37% (23=62)]. Among

the metro drivers with a high level of resentment (node 1),

fatigue is a parameter that influences the differentiation of

the depressed and non-depressed drivers. The metro driver

with fatigue rate more than 2, had 87% chance of

depression (node 0, 1, 3), and otherwise 100% non-de-

pressive (node 0, 1, 4). In node 3, the effective factor is the

work experience of the metro driver. The interesting thing

Table 2 Variable description

Variable Description Used in CART Used in HC Questionnaire part

Fatigue rate Ordinala ● 1

Education level Categoricald ● 1

Age Continuous ● 1

Background Continuous ● 1

Sport activity Ordinala ● 1

Trip Ordinala ● 1

Crash experience Categoricalb ● 1

Post-traumatic stress Ordinala ● 1

Disruption of family relationships Ordinala ● 1

Second job Categoricalb ● 1

Second job requirement Ordinala ● 1

Problems Categoricalc ● 1

Satisfaction of the metro driver’s seat Ordinala ● ● 2

Satisfaction of cabin lighting Ordinala ● ● 2

Satisfaction of control room connection Ordinala ● ● 2

Dissatisfaction of loneliness in the cabin Ordinala ● ● 2

Satisfaction of route lighting Ordinala ● ● 2

Stress rate from an accident occurrence Ordinala ● 2

Satisfaction of occupational safety Ordinala ● ● 2

Satisfaction of visibility Ordinala ● ● 2

Satisfaction of air conditioning Ordinala ● ● 2

Dissatisfaction of noise pollution Ordinala ● ● 2

Satisfaction of rest room Ordinala ● ● 2

Satisfaction of contact with the traveler Ordinala ● ● 2

Satisfaction of rights Ordinala ● ● 2

Satisfaction of cabin temperature Ordinala ● ● 2

Satisfaction of rest time Ordinala ● ● 2

Satisfaction of time schedule Ordinala ● ● 2

Satisfaction of applying abilities Ordinala ● ● 2

Satisfaction of relationship with other drivers Ordinala ● ● 2

Depression Categoricale ● –

Cluster Categoricalf ● –

a Ordinal: 1=never, 2=very low, 3=low, 4=medium, 5=high, 6=too high
b Categorical: 1=yes, 2=no
c Categorical: 1=noise pollution, 2=loneliness, 3=stress of accident, 4=air conditioning, 5=route lighting
d Categorical: 1=diploma, 2=bachelor of science, 3=master of science, 4=PhD
e Categorical: 1=non-depressed, 2=depressed
f Categorical: 1=cluster 1, 2=cluster 2
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is the threshold less than 3.5 years at this node. Drivers

with work experience of more than 3.5 years, which is

considered to be a short time, were more likely to have

depression with probability of 90% (node 0, 1, 3, 7).

In node 2, we see a very high threshold for data segre-

gation, which means that there is a possibility of depression

only in extreme stress situations, with a probability of 67%.

If there is relative satisfaction in terms of loneliness and

lack of stress, satisfaction of the resting place has been

effective in distinguishing the possibility of depression

(node 6). The metro drivers were not depressed, with a

probability of 87%, if they had a level of satisfaction of

more than 1 with the resting place. At node 5, if the rate of

satisfaction with salary and benefits is greater than 2, the

likelihood of non-depression is 58%; otherwise the metro

driver will be depressed with the probability of 100%.

4.2 Satisfaction Model

The clustering method was used to study the factors

affecting satisfaction and classification of metro drivers. In

this way, metro drivers with the same level of satisfaction

will be within one cluster and will be separated from oth-

ers. By defining a threshold in the dendrogram, one can

define the desired number of clusters. Regarding Fig. 6,

two general clusters are defined under the rubric of desir-

able satisfaction (cluster_1) and undesirable satisfaction

(cluster_2). Accordingly, each metro driver has a label

either cluster_1 or cluster_2.

To find the effective factors on this clustering, decision

tree modelling was used. In the decision tree model, sat-

isfaction variables are defined as inputs of the model, and

cluster labels as dependent variables. The general shape of

the decision tree is shown in Fig. 7. In this model, the

variable that creates the most purity in the data separation,

or in other words, the most reduction of the Gini index, is

located at the highest level of the tree. Also, the next

Fig. 5 Decision tree of the depression model

Table 3 Tenfold cross-

validation results of the

depression model

Tenfold 1 2 3 4 5 6 7 8 9 10 Mean value

Accuracy 0.63 0.63 0.8 0.8 0.77 0.88 0.77 0.88 0.44 0.55 0.71

Table 4 Confusion matrix and

accuracy of the depression

model

Observed Predicted Accuracy (%) Precision Recall F1 score

Positive Negative

Positive 27 17 61 0.71 0.61 0.65

Negative 11 41 79

Overall percentage 40% 60% 71
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variables are determined based on the most reduction in the

Gini index in the other nodes of the decision tree. Mean-

while, variables that are at higher levels of the decision tree

are more important.

Due to the limited numbers of data, a tenfold cross-

validation method, a satisfaction predictive model, was

developed and evaluated ten times. The mean accuracy of

the model was 0.86, which is evaluated as very appropriate.

In Tables 5 and 6, the evaluation of each step and the final

confusion matrix of all the steps are displayed. The accu-

racy of satisfaction and dissatisfaction in this model was

84% and 88%, respectively. The evaluation of the model

shows that 17 input parameters of the model had the ability

to predict cluster_1 and cluster_2.

4.2.1 Structure of the Satisfaction Model

A decision tree consists of multiple paths from root to leaf

representing a classification decision rule. In this section,

we tried to explain the nodes, the percentage of data

classification and purification obtained in each node, and

also considered all paths of the decision tree. In order to

better understand the relationship between the text and the

shape of the decision tree, the paths leading to each node

and the leaf enclosed in parentheses are summarized.

The decision tree was used to identify the effective

parameters of driver segregation in two desirable and

undesirable satisfaction groups (Fig. 7). Satisfaction with

resting place was very effective in their initial segregation

(node 0). If the driver’s satisfaction rate from the resting

place is greater than 2, it is likely to have a desirable sat-

isfaction cluster (95% vs. 14%).

For metro drivers with a satisfaction rate of more than 2

(node 1), if the satisfaction rate of communication with the

control room is more than 2, with the probability of 97.5%,

the metro driver might be in the satisfaction group (node 0,

1, 3). In node_3, the determinant is air conditioning. If the

satisfaction with the cabin air conditioner is more than 3,

the metro driver might be satisfied with the probability of

100% (node 0, 1, 3, 7).

On the other hand, in case of dissatisfaction with the

resting place (node 2), the cabin air conditioning is a

separating parameter. If the satisfaction rate for cabin air
Fig. 6 Hierarchical clustering of satisfaction

Fig. 7 Decision tree of the satisfaction model
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conditioners is less than 3, then the metro driver might be

satisfied with the probability of 94% (node 0, 2, 6). At

node_5, the satisfaction rate of more than 1 in the field of

path lighting may keep the metro driver satisfied (node 0, 2,

5, 10). In node_6, the only factor that could keep drivers

satisfied is their salaries and benefits. If the rate of satis-

faction with rights is greater than 1, the metro driver might

be in the satisfaction group (node 0, 2, 6, 11); otherwise,

they might be dissatisfied with the probability of 96%.

4.3 Variable Importance

4.3.1 Depression

One of the advantages of CART models is the ability to

detect important and effective parameters in predicting the

model input labels. The importance of each parameter

depends on the ability of that parameter to purify the data.

The significance of the important parameters of the pre-

dicted model of depression of metro drivers, which had 30

inputs, was estimated using Eq. 3. The importance of each

data was normalized, sorted and is given in Table 7 in order

of importance. Parameters with little importance were

removed from the table.

The lack of satisfaction of metro drivers with loneliness

in the cabin was the first and most important parameter

affecting the probability of depression of metro drivers

with 100% significance. Metro drivers spend most of their

time in the cabin alone. The relationship between loneli-

ness and depression has been studied in most studies in

other areas of psychology, and the correlation between the

two has been confirmed [35, 36]. In this area, we also

observed the relationship between loneliness and

depression.

Stress and fear of an incident was the second most

important parameter affecting depression, with 74.8%

degree of importance. In the case of metro, despite the

relative isolation of the route, except at the stations, the

fear of collision has been detected as influential for metro

drivers. Extensive research has been conducted on train

drivers with regard to the stress of an incident or the dis-

asters caused by past events. This issue has great

importance due to the nature of railway interconnections

with humans along the way and has a significant impact on

the performance of metro drivers. Metro drivers need

special vigilance to prevent accidents. Physical and psy-

chological effects have been reported after an accident for

train drivers, who emphasize the need to improve the

Table 5 Tenfold cross-

validation results of the

satisfaction model

Tenfold 1 2 3 4 5 6 7 8 9 10 Mean value

Accuracy 0.9 1.0 0.8 0.9 0.8 0.88 0.88 0.77 0.88 0.77 0.86

Table 6 Confusion matrix and

accuracy of the satisfaction

model

Observed Predicted Accuracy (%) Precision Recall F1 score

Positive Negative

Positive 43 8 84 0.89 0.84 0.86

Negative 5 40 88

Overall percentage 50% 50% 86

Table 7 Variable significance of the depression model

Variables Normalized importance

(%)

Variables Normalized importance

(%)

Dissatisfaction of loneliness in the

cabin

100 Satisfaction of control room connection 16.8

Stress rate from an accident occurrence 74.8 Posttraumatic stress 16.6

Fatigue 50 Satisfaction of relationship with other

drivers

14.7

Satisfaction of resting place 47.65 Satisfaction of the metro driver’s seat 13

Background. 46.3 Dissatisfaction of noise pollution 9.8

Satisfaction of rights 31 Satisfaction of applying abilities 7.94

Second job requirement 18 Disruption of family relationships 4.2
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mental conditions of train drivers following an accident

[18–20] and emphasize the rapid treatment of metro drivers

involved in an incident by a psychologist in order to return

to work [37].

The fatigue and satisfaction with the resting place with

50% and 47.65% degree of importance, respectively, were

the third and fourth effective parameters. These criteria

were likely to be affected by the resting place of the metro

drivers, the amount of rest, the amount and the quality of

sleep of drivers during the day. It is worth noting that,

according to previous studies, these factors did not have

much effect on performance [26], but according to our

findings, they had a great effect on depression. The number

of shifts, work strains and metro driver responsibilities

affected the feeling of tiredness [25]. Sleepiness was one of

the criteria for fatigue. Sleep rhythm modification prevents

metro drivers from sleeping [27].

The background of metro drivers was one of the sig-

nificant parameters influencing the predictive model of

depression. According to our findings, metro drivers might

be depressed after 3.5 years of work. This is a very

alarming issue. The monotony of the work of these people

during the day and the movement of a constant and

recurring route might increase the likelihood of depression

of metro drivers. Monotony is an inherent characteristic of

rail industries, and a relatively minor increase in cognitive

demand can mitigate adverse monotony-related effects on

performance for extended periods of time [38].

The parameters of satisfaction with the received salary

and need for a second job in metro drivers were influential

on the likelihood of depression. This parameter was lower

in some studies. This is probably due to the conditions of

society and the current economic problems, which puts

much psychological pressure on most people, including

metro drivers. Economic problems can lead to dissatis-

faction with working conditions and the need for a second

job. If metro drivers have different jobs, the amount of rest

and sleep required for their recovery will be affected.

Other important parameters with less importance

included satisfaction with the quality of communication

with the control room, posttraumatic stress, satisfaction

with the level of communication with other metro drivers,

the seat of the driver, the annoyance of noise pollution, the

satisfaction of the application metro drivers’ abilities and

dissatisfaction with family disruption. These parameters

will be addressed in the next priority if needed.

4.3.2 Satisfaction

The significance of the important parameters of the model

for predicting the level of metro drivers’ satisfaction was

estimated using Eq. 3. The importance of each data was

normalized and sorted, and is shown in Table 8 in order of

importance. Based on the results, the quality of rest areas

was the most important and effective parameter in deter-

mining the satisfaction level of metro drivers. The

notable point in this regard is the lack of expression of this

issue as the major problems of metro drivers in self-re-

porting questionnaires. The quality of resting places was

considered as a hidden and very influential factor on the

level of satisfaction. Despite the emphasis on the high

impact of income and rights on job satisfaction in post-

transition economies like Iran [39], this parameter was not

very important for metro drivers. The other effective

parameters with the lower degree of importance included

satisfaction with rights, air conditioning, route lighting,

quality control and cabin lighting. These parameters will be

addressed in the next priority if needed.

4.4 Rules Extraction

Each of the paths leading to the tree leaves can be a rule.

Measuring the ability to rely on these rules is important. In

this study, these standards were measured using the support

and lift criteria. In this study, we set the support and lift

threshold to 30% and 1.5, respectively. The most important

rule that most likely causes depression to be taken seriously

was dissatisfaction with loneliness at rates higher than 4

and fatigue at a rate higher than 2 and a background of

more than 3.5 years as a metro driver. Valid rules for

predicting the likelihood of a metro driver’s depression or

lack of depression are given in Table 9.

The most authoritative rule that most likely results from

the metro driver’s dissatisfaction is the satisfaction with the

resting place, air conditioning and benefits, at rates lower

than 3, 3 and 2, respectively. Valid rules for predicting the

level of satisfaction of the driver are given in Table 10.

Table 8 Variable significance of the satisfaction model

Variables Normalized importance (%) Variables Normalized importance (%)

Satisfaction of resting place 100 Satisfaction of route lighting 6

Satisfaction of rights 9.5 Satisfaction of control room connection 5

Satisfaction of air conditioning 6.5 Satisfaction of cabin lighting 4.8
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5 Discussion and Conclusion

Regarding the effect of mental health of the staff of a

transportation complex on the function and level of safety,

the prompt diagnosis of a mental illness is very important.

In this study, according to modelling of depression, we

found that the risk of depression significantly increased

among metro drivers who experienced some mental health

problems, including loneliness in the metro cabin, stress

rate from an accident occurrence, fatigue, over 3.5 years of

work experience and necessity to take a second job because

of the inadequacy of their salaries and wages. Due to the

conditions of underground subways, drivers are alone in

the cabin for long hours in underground tunnels. These

conditions are the mainstay of subway drivers’ differenti-

ation with other train and tram operators, which have been

less addressed; however, in other social studies, the asso-

ciation between depression and loneliness has been

confirmed [35, 36]. It should be noted that this study found

that the most important influencing parameter in depression

among the subway drivers was the extent of their suffering

in the cabin alone. Stress and resentment from past events

are common to subway and train drivers; such drivers are at

high risk of developing panic disorder that may affect other

physical and psychological conditions [20, 37, 40].

According to the results of this study, while confirming the

existence of these cases among subway drivers, these fac-

tors will in turn lead to depression. The shifts of train

drivers, which are sometimes uneven and irregular in their

sleep rhythms and fatigue, affect performance and safety

according to previous studies [21–25]. The fatigue

parameter reported by metro drivers, while it may have

functional problems, is also associated with the probability

of depression.

Previous studies have identified some risk factors,

including loneliness, stress and resentful feelings inflicted

by past accidents and fatigue. In previous studies, little

attention has been paid to work experience, which is highly

controversial and indicates that metro drivers were exposed

to risk factors for depression after work experience of

3.5 years. Also, metro drivers were exposed to risk factors

for depression due to the economic conditions governing

society, the inadequacy of drivers’ salaries, wages and their

need for taking a second job.

To address some psychological factors associated with

the experience of depression, we thus recommend the

modified shift work, improving the resting places provided

for metro drivers, taking into account periodic leaves,

operating in different subway routes and stopping doing

monotonous tasks, reforming and improving their salaries

and wages and taking measures in metro cabins to reduce

stress caused by loneliness. Furthermore, the stress caused

by a rail crash and resentful feelings inflicted by past

accidents may also increase the risk of depression among

metro drivers. Therefore, counseling and psychotherapy

sessions are needed for metro drivers who have experi-

enced such accidents. Holding effective meetings and

providing periodic entertainment for metro drivers with

their families can eliminate problems and dissatisfaction

related to the lack of proper relation between metro drivers

and family disruption.

Also, the risk of depression significantly increased

among metro drivers who were dissatisfied with their job

due to the quality of their resting place, the quality of

communication with the metro control room, the metro

driver’s seat location and the noise pollution that can be

easily solved by the standards related to wagons and

infrastructures. In the case of train drivers, the complexity

Table 9 Most important rules of the depression model obtained based on the tree

Rules: IF…. Then Support Lift

IF (dissatisfaction rate of loneliness in the cabin [ 4) AND (fatigue rate [ 2) AND

(background [ 3:5 years)
Depressed 29

96
� 100% ¼ 30:2% 29

32
= 52
96
¼ 1:67

IF (dissatisfaction rate of loneliness in the cabin � 4) AND (stress rate from an accident

occurrence � 5) AND (satisfaction rate of resting place [ 1)

Non-

depressed

29
96
� 100% ¼ 30:2% 29

33
= 44
96
¼ 1:91

Table 10 Most important rules of the satisfaction model obtained based on the tree

Rules: IF…. Then Support Lift

IF (satisfaction of rest room [ 2) AND (satisfaction of control room connection [ 2)

AND (satisfaction of air conditioning [ 3)

Satisfaction 39
96
� 100% ¼ 40:0% 39

39
= 51
96
¼ 1:88

IF (satisfaction of resting place � 2) AND (satisfaction of air conditioning � 2) AND

(satisfaction of rights � 1)

Dissatisfaction 31
96
� 100% ¼ 32:3% 31

32
= 45
96
¼ 2:06
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and multiplicity of tasks have resulted in reduced perfor-

mance on one hand and the likelihood of accidents on the

other hand [41]. Furthermore, subway drivers’ reactions

have been directly correlated to accidents [30], thus paying

attention to the high quality of communication with the

control room for the subway driver that facilitates the

complexity of tasks, and the right place for recovery and

rest is of great significance. Major problems that urban

subway drivers have reported include vibration, back pain,

accident stress, noise pollution and air conditioning that

may affect seat and vibration conditions, and the results of

this study are also related to depression. Noise pollution

and air conditioning have also been addressed among the

problems of subway drivers, which has had an impact on

depression among underground subway drivers [42].

The safety performance of a transport system depends

on the performance of its employees, and their dissatis-

faction is associated with the safety performance of the

transport system. Much of the dissatisfaction among

employees can be expressed and removed, but there are

also cases that are hidden factors affecting job satisfaction

among employees. According to the result of the satisfac-

tion model, the quality of their resting place is the most

important factor affecting the metro drivers’ satisfaction,

which is not directly expressed by drivers, and less atten-

tion has been paid to it.

For the satisfaction model, only hardware satisfaction

from the resting place, quality of communication with the

control room, driver’s seat position and noise pollution

were significant. But for the depression model, as pre-

dicted, psychological and demographic factors such as

stress rate from an accident occurrence, fatigue and work

experience were also affected by depression, and satisfac-

tion parameters related to loneliness in the cabin and at a

relatively high rate. The effect is that the resting place

variable is in common with the satisfaction model.

Therefore, the likelihood of depression other than psy-

chological conditions can affect certain items of

satisfaction. It will therefore be much easier and faster to

provide subway driver satisfaction with regard to its impact

on hardware variables. However, in relation to depression,

which is an important and complex social problem, it is

influenced by more and more varied parameters that

require more work to improve the situation, which may

also lead to overall satisfaction.

It is clear that much of the dissatisfaction and problems

can be removed by taking some measures. In addition, it is

more cost-effective to reduce the risk of depression among

metro drivers. Also, the presence of psychology and psy-

chotherapy units in this transport system will be very

helpful. For futures studies, it would be interesting to

examine the depression among the participants of this

study after removing some of the sources of dissatisfaction

and problems and to evaluate the effects of improved

conditions on the mental health of metro drivers.
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predictors of posttraumatic stress among male train drivers after

the experience of ‘person under the train’ incidents. J Psychosom

Res 73(3):191–196

20. Yum BS, Roh JH, Ryu JC, Won JU, Kim CN, Lee JE, Kim KY

(2006) Symptoms of PTSD according to individual and work

environment characteristics of Korean railroad drivers with

experience of person-under-train accidents. J Psychosom Res 61

(5):691–697

21. Gander P, Hartley L, Powell D, Cabon P, Hitchcock E, Mills A,

Popkin S (2011) Fatigue risk management: Organizational factors

at the regulatory and industry/company level. Accid Anal Prev 43

(2):573–590

22. Anund A, Fors C, Kecklund G, Leeuwen W, Åkerstedt T (2015)
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Statens väg-och transportforskningsinstitut

23. Phillips RO (2014) What is fatigue and how does it affect the

safety performance of human transport operators. Insitute of

Transport Economics (TØI), Oslo

24. Cheng Y-H, Tian H-N (2019) Train drivers’ subjective percep-

tions of their abilities to perceive and control fatigue. Int J Occup

Saf Ergon 26(1):1–17

25. Filtness AJ, Naweed A (2017) Causes, consequences and coun-

termeasures to driver fatigue in the rail industry: the train driver

perspective. Appl Ergon 60:12–21

26. Darwent D, Lamond N, Dawson D (2008) The sleep and per-

formance of train drivers during an extended freight-haul

operation. Appl Ergon 39(5):614–622

27. Nakamura S, Fukuma K, Wada K, Ueda M, Hayashi M (2018)

Intervention for regulating sleep–wake rhythms to prevent

sleepiness in Japanese train drivers. Sleep Biol Rhythms 16

(3):351–356

28. Guesset A, de Labonnefon V, Blancheton M (2016) Ergonomics

and visibility in tramway driving cab. Transp Res Proc 14:585–

594

29. Aston J, Freire R, Ferreira J, Coelho R, Simões J (2018) An

ergonomic study and analysis for the Porto Metro Driver Cabin

Area. In: Congress of the international ergonomics association,

2018. Springer, pp 193–206

30. Rjabovs A, Palacin R (2015) Attitudes of metro drivers towards

design of immediate physical environment and system layout.

Urban Rail Transit 1(2):104–111

31. Beck AT, Steer RA, Brown GK (1996) Beck depression inven-

tory-II. San Antonio 78(2):490–498

32. Obrien O, Cheshire J, Batty M (2014) Mining bicycle sharing

data for generating insights into sustainable transport systems.

J Transp Geogr 34:262–273

33. Mohaymany AS, Kashani AT, Ranjbari A (2010) Identifying

driver characteristics influencing overtaking crashes. Traffic

Injury Prev 11(4):411–416

34. Kashani AT, Mohaymany AS (2011) Analysis of the traffic injury

severity on two-lane, two-way rural roads based on classification

tree models. Saf Sci 49(10):1314–1320

35. Swami V, Chamorro-Premuzic T, Sinniah D, Maniam T, Kannan

K, Stanistreet D, Furnham A (2007) General health mediates the

relationship between loneliness, life satisfaction and depression.

Soc Psychiatry Psychiatr Epidemiol 42(2):161–166

36. Weeks DG, Michela JL, Peplau LA, Bragg ME (1980) Relation

between loneliness and depression: A structural equation analy-

sis. J Pers Soc Psychol 39(6):1238

37. Kim H-R, Yim HW, Jo S-J, Choi B, Jeong SH, Lee KS, Park J-I,

Chang SM (2013) Major depressive disorder, panic disorder, and

post-traumatic stress disorder in Korean subway drivers. Int Arch

Occup Environ Health 86(4):471–477

38. Dunn N, Williamson A (2012) Driving monotonous routes in a

train simulator: the effect of task demand on driving performance

and subjective experience. Ergonomics 55(9):997–1008
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