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Abstract

Purpose: EMU driver operation time is an important part of
the locomotive crew system. To ensure the safe, efficient and
accurate operation of the EMU (Electric Multiple Unit), driv-
ers not only need to have good physical and mental health but
also must be able to work under the conditions of a scientific,
reasonable and humanized organization.
Design/methodology/approach: To effectively analyze the
actual job of an EMU driver and to avoid impacting the nor-
mal work of the drivers, we selected some of the items from
the professional mentality test project, which we had found
had resulted in short test times and high test reliability and
validity.

Findings: With a single-driver continuous value multiplied by
a time of less than two hours, there were no significant differ-
ences, multiplied by more than 4 hours, there was a significant
difference in psychological quality, specifically, the multiplied
career mental quality level decreased significantly. The EMU
single continuous value multiplied by driving time driver
should not be more than four hours to receive the full benefit.
Originality/value: Based on the different operating times, this
study compared the organization of different jobs in different
situations. The negative impact of psychological load on EMU
driver labor intensity varied.
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1 Introduction

There is a great difference between the EMU and existing rail-
ways in technological installations, postal transportation com-
mands and labor organization management modes. EMU secu-
rity, stability, and drive times not only put forward strict technical
standards for a variety of railway construction hardware facilities
but also need even stricter requirements for the process of devel-
oping various software facilities, including those used by railway
operation personnel. Related to the safety of railway transporta-
tion, the driver is the most important factor, and he is the core
subsystem in driving safety throughout the system. Meanwhile,
the psychological qualities of the driver directly determine the
safe operation of the train, strengthening and ensuring the safety
of railway traffic management. Thus, the driver has an irreplace-
able function as a key link in railway transportation.

EMU driver operation time is an important part of the loco-
motive crew system. With the changes in the EMU’s hardware
facilities and running environment came new EMU opera-
tions, including a new driver working mode, locomotive crew
working system and labor organization management mode.
Moreover, driver operation time also changes. To ensure the
safe, efficient and accurate operation of the EMU, drivers not
only need to have good physical and mental health but also
must be able to work under the conditions of a scientific, rea-
sonable and humanized organization.

Thus, the research questions are: how should EMU drivers’
psychological status be evaluated in a scientific, reasonable and
effective manner, and how should the relationship between the
driver’s psychological status and their operating time be deter-
mined given different operating and organizational conditions.
This paper develops the vocational psychology diathesis quick-
test macro of EMU drivers to test the EMU drivers in the Beijing,
Shenyang and Shanghai railway bureaus to determine the effects
of driver operating time on professional psychological quality.

2 Literature Review

The different characteristics of different positions across
varying fields of work usually determine the psychological
understanding of those positions. Usually there are two aspects
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to this determination. Scholars believe psychological qualities
relate specifically to an individual’s performance of his or her
professional activities. However, professional qualities should
also be considered, as they are the basic psychological quality
that individuals must have to complete professional activities.
As a result, professional psychological qualities are the basic
psychological qualities required by individuals to engage in a
specific occupation; these qualities are the basis of correspond-
ing future vocational education (Gasparik, 2015).

However, with today’s progress and development, the simple
evaluation of labor intensity based on physical exertion cannot
meet societal requirements. People now pay more attention to
mental health, especially to improving the psychological load
related to labor intensity. In particular, the physical labor is many
professions is limited, and the psychological load generated by
environmental pressure is greater. Therefore, measurement of
labor intensity in terms of mental workload is very necessary.

Mental workload is one of the most widely invoked concepts
in ergonomics research and practice (Flemisch and Onken,
2002; Loft et al., 2007; Parasuraman and Hancock, 2001; Tsang
and Vidulich, 2006; Wickens, 2014). The number of hits in the
Ergo-Abs database resulting from a decade-by-decade search
for the terms ‘mental workload’ and ‘physical workload’ has
increased. This increase no doubt partly reflects the grow-
ing coverage of the database in recent years, as evidenced by
equivalent searches for ‘physical workload’. Nevertheless, the
relative decade-on-decade increase in hits for mental work-
load in the 2000s suggests more recent prominence for ‘mental
workload’, which has increased by 36%, and ‘physical work-
load’, which has increased by 17%.

A cursory review of these search results indicates that
the focus in the 1980s was much more on measuring mental
workload, whereas the 1990s saw a shift towards theoretical
developments and modeling efforts. The research in the 1990s
was also concerned with the proliferation of automation, and
a significant body of work was directed at the emergence of
more advanced physiological metrics of workload. Finally, the
first decade of the twenty-first century has seen more exam-
ples of mental workload applications coming to the fore. Thus,
the general evolution of research in mental workload has pro-
gressed from attempting to measure it to attempting to define it
to finding its real-world applications.

Some scholars have studied the labor intensity of workers in
all sectors, in addition to related factors such as labor intensity,
working environment, psychological adaptability, mental load,
etc. They also focus on the work quality of workers and how to
minimize problems with staff mental health. The World Health
Organization (WHO) assesses the mental workload of labor
intensity using neurobehavioral core testing; they have selected
a number of different techniques, including three functional
indicators, visual motor reaction time, flashlight blending fre-
quency and reading ability, with emotion, attention, reaction

speed, listening and memory, manual operation sensitivity,
speed perception, visual perception, motion stability and nine
other mental fatigue test subjects.

In 1935, an American study of commercial motor vehicle
driving time and traffic safety evaluated drivers’ irritability,
blinking frequency, nap times, attention, reaction times and
other variables. They formed a precise, scientific and compre-
hensive system for evaluating train driver fatigue based on the
system detection and supervision processes used in automobile
manufacturers’ manufacturing processes.

A wide range of operations such as transport, healthcare,
mining, manufacturing and emergency services utilize shift
work. The general relationship between hours of work, sleep,
fatigue and safety is well documented (Mitler, 1988). Germany,
Japan, France, Austria, the United States, Russia and other
countries have studied and measured railway drivers’ labor
intensity, selective reaction time, heart rate, skin resistance
and sensitivity and flicker fusion rate in monotonous work at
the preparation and emergency action levels, using Russia’s
Kharkov National Railway Engineering College psychological
diagnostic laboratory for railway drivers, by measuring brak-
ing capability before and after an emergency. Different stud-
ies have also assessed the degree of preparation for emergency
action and the ability of the central nervous system to restore
function after fatigue.

Driving a train appears to be a primarily psychological job. The
train driver’s job includes long periods of driving and requires
the ability to remain attentive and to recognize signals and spe-
cific stimuli for long periods (Cabon, 1993; Sussman and Coplen,
2000). It is known to be more difficult to maintain attention in
monotonous situations than under more cognitively demanding
conditions (Langner and Eickhoff, 2013; Warm et al., 2008).
Thus, a train driver’s job appears to have specific psychological
and cognitive requirements.

When a train driver does not meet the psychological and cog-
nitive requirements of his work, his impaired functioning may
lead to errors or mistakes, eventually leading to accidents (e.g.,
passing red signals, derailing or causing collisions) (Edkins
and Pollock, 1997; Kecklund, 1999). However, if the psycho-
logical and cognitive requirements are proven to be highly
demanding and safety-sensitive, these factors should also be
included in the (medical) screening of train drivers. These
psychological demands (stressors) create short-term loads or
effects on workers, i.e., they create temporary reactions as a
result of the work (Dormolen, 1990; van Veldhoven and Sluiter,
2009). A short-term load can be described in terms of emo-
tional load, mental load, short-term stress, short-term fatigue/
sleepiness and decreased vigilance /attention. The degree of
recovery determines whether the employee has the same work
potential the next day compared with the day before or whether
the short-term load will lead to adverse long-term (health)
effects (van Veldhoven and Sluiter, 2009). The combination
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of psychological work characteristics and psychological load
determines given psychological and cognitive requirements.

For the psychological burden of labor intensity, in addi-
tion to taking measures to ease tensions over the work with
a specific focus on the mental qualities required for the work,
it is possible in a number of ways to improve the usefulness
of health practitioners when tension or psychological fatigue
can maintain or increase the professional adaptability of work-
ers in labor-intense positions. Therefore, investigation of the
psychological burden of labor intensity, specifically the rela-
tions between various bodily measurements, can allow for the
creation of standards to judge physical and psychological suit-
ability for various occupations, which is a necessary step for
improving and enhancing worker quality.

However, with the continuous improvement and develop-
ment of railway operating conditions, scholars have launched
studies of the effect of psychological burden on labor intensity,
based on psychological evaluations of load labor intensity. In
these cases, labor intensity is based on psychological evalua-
tion loads including emotion, attention, reaction speed, listen-
ing and memory, manual sensitivity, speed of perception, vis-
ual perception, movement stability, heart rate variability, and
flicker fusion rate.

With the opening of the first EMU passenger line, the loco-
motive crews faced a changing driving environment, and the
drivers’ psychological, physiological indicators and labor inten-
sity tracking were gradually put on the agenda. However, once
the EMU line had been opened for a short time, and the driv-
ers’ smaller-scale impacts were being observed, the research
on their occupational health and labor intensity was found to
be inadequate, for instance, regarding the relationship between
EMU driver working time and psychological quality. Systems
for the EMU drivers as well as scientifically applicable labor
organization and management programs are imminent.

We organize this paper as follows: in the following section,
we introduce the test program. In Section 4, we present the data
analysis with SPSS (Statistical Product and Service Solutions)
mathematical software, and in Section 5, we present the correla-
tions and the mediation effects. Finally, we conclude the study.

3 Data Acquisition and Test
3.1 Test program

Our psychological quality evaluation system for train driv-
ers required lengthy exploration and research. Learning from
the early explorations of foreign train drivers’ experiences
and evaluations of their psychological quality, we conducted
research on the basis of the actual conditions of China’s rail-
ways. We established the SCL-90, job stability tests, cartel
personality tests, learning ability tests, instantaneous memory
tests, and mental focus quality assessments based primarily
on the results of test data analysis and data processing. We
also used multivariate statistical methods and mathematical

software for statistical analysis, establishing an evaluation
index of locomotive drivers (the Chinese locomotive drivers’
norm). (“Locomotive crew physiological and psychological
evaluation and quality standards,” 1990-1994). Following on
our efforts, we developed a pen-and-paper equipment evalua-
tion and psychological quality evaluation model.

At the beginning of 2005, the Ministry of Railway Transport,
the Ministry of Equipment and the individual personnel ser-
vice centers began jointly selecting EMU drivers. The project
leader was responsible for psychological quality testing during
the project. The project team comprised high-speed train driv-
ers from abroad who were chosen based on their experience,
combined with previous research results; based on these two
factors, the team developed driver EMU psychological quality
evaluation and selection criteria.

3.2 Selecting the test object

We tested EMU driver continuous operation times of longer
than four hours in our representative sample of three railway
bureaus: in Shanghai, EMU drivers operated continuously for
longer than four hours; in Shenyang, continuous driver opera-
tion time was up to 4 hours; and in Beijing, the single continu-
ous operating time was less than two hours. A total of three sets
of 77 EMU drivers were tested by excel software: 29 EMU
drivers from the Beijing Railway Bureau, 15 EMU drivers
from the Shanghai Railway Bureau, and 33 EMU drivers from
the Shenyang Railway Bureau, as shown in Fig. 1.

Unit: Person

NUMBER OF EMU DRIVERS

29

15

Beijing Railway Shanghai Railway Shenyang Railway
Bureau Bureau Bureau

Fig. 1 Summary of the labor intensity of mental load

We analyzed the 77 randomly selected Railway Bureau EMU
drivers by age and found more drivers in the first and third groups
than in the second group. The second group was ages 31-40
years old, and in this survey, 10 EMU drivers from the Shanghai
Railway Bureau were in this group: 24 EMU drivers from the
Beijing Railway Bureau, and 15 EMU drivers from the Shenyang
Railway Bureau, for a total was 49 drivers, who accounted for
63.6% of the total. Likely owing to the field tests and the EMU
drivers in different age groups being in different crossroad
arrangements, there were no EMU drivers in the Beijing Railway
Bureau who were older than 40 years, as shown in Fig. 2.
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Fig. 2 Mental load of the labor intensity distribution by age

3.3 Type of the conducted tests

To effectively analyze the actual job of an EMU driver and
to avoid impacting the normal work of the drivers, we did
not use the nine-item EMU driver selection test. Instead, we
selected some of the items from the professional mentality test
project, which we had found had resulted in short test times and
high test reliability and validity. Including attention allocation
and transfer, complex reaction, learning ability, instantaneous
memory, and speed tests, we derived a predictive EMU driver
professional mentality rapid test system and a driver-based
psychological load labor strength test (see Table 1).

Table 1 Correlation results for the psychological evaluations

Professional Psychological Quality Index Test Project

- . Complex reaction test
Ability to judge and react o
Speed prediction test

Learning ability Learning ability test

Vocational

adaptability Instantaneous memory

Instantaneous memory

capacity capacity test

The ability to focus attention  Attention allocation and

allocation and transfer transfer test

3.3.1 Attention allocation and transfer test

This test aims to study the EMU driver in actual sustained
attention allocation and transfer. In this test, the subjects’ com-
pletion times determine their attention to quality. Note that the
findings with more extensive ranges of subjects are more sta-
ble and concentrated, and they can be quickly transferred and
assigned correctly (Fig. 3).

Fig. 3 Attention allocation and transfer test plan

3.3.2 Complex reaction test

This test aims to evaluate a driver at regular intervals using
continuous displays of multiple random visual stimulation sig-
nals and auditory stimulation signals, specifically, to assess
how drivers select a signal and their rates of correct responses,
which entails assessing their vision and hearing and their
capacities for identifying, judging and selection. Their reaction
times and correct response rates were used as their evaluations.
Figure 4 shows the test.

Fig. 4 Complex reaction test plan

3.3.3 Learning ability test

In the learning ability test, the subjects saw 10 special
symbols, each corresponding to the numbers 0 through 9; the
numbers had to be matched to the corresponding figures in the
boxes below the figures. The total number of responses and the
correct response rate within the specified time were used for the
drivers’ evaluations. The test chart is shown in Fig. 5.

Fig. 5 Learning test pattern

3.3.4 Instantaneous memory capacity test

For this test, subjects are required, without using other
means, to remember the numbers that are presented and then to
input them, as shown in Fig. 6.

3.3.5 Speed prediction test

Speed prediction refers to predicting the arrival time of
an object at a certain position within a certain period of time
given its velocity and its original location. The aim is to study
the relationship between accurate speed predictions and other
major factors. The test is presented in Fig. 7, and there was a
very close tie between the EMU drivers’ work ability and their
speed predictions.
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Fig. 6 Instantaneous memory capacity test pattern

_J_—

-

Fig. 7 Velocity prediction test pattern

4 Data Analysis
4.1 Overall test data analysis

To study the psychological burden on EMU drivers using
the rapid evaluation tests in this study, a total of 77 EMU driv-
ers from the Beijing, Shanghai, and Shenyang railway bureaus
were tested before and after they drove; their professional men-
tality test scores were significantly different between the two
time points, the details are:

IN ATT: take attention allocation and transfer of the test;

OUT ATT: return ride attention allocation and transfer test;

IN CR: multiplication of complex reaction test;

OUT CR: retreat multiply complex reaction test;

IN LE: the learning ability test ride;

OUT LE: take back learning ability test;

IN IM: an instant memory test ride;

OUT IM: return ride instant memory test;

IN VP: the forecast by speed test;

OUT VP: return ride forecast by speed test;

IN TO: total ride results;

OUT TO: take back a total score.

The results of the data analysis are presented in the follow-

The data analysis showed no significant differences in the
five test scores among the 77 EMU drivers. In the individual
and total scores, the instant memory test scores for In ATT were
slightly lower than those for OUT ATT, and the remaining four
test scores were higher than the OUT ATT scores. The results
showed an overall decline in the professional mentality of the
77 EMU drivers that was influenced by psychological load in
a single continuous operation, but the effect was not obvious,
and the drivers’ overall labor intensity appeared to indicate a
moderate mental load.

Table 3 Descriptive statistics of the EMU drivers’
professional psychological test results

Project N  Minimum Maximum Mean Stanflafd Variance
Deviation

IN ATT 77 3.00 11.00 8.2727  1.42012 2.017
OUTATT 77 2.00 11.00 8.1039  1.53541 2.357
IN CR 77 -4.60 9.00 5.8545  2.29453 5.265
OUTCR 77 -7.20 8.40 5.7429  2.62936 6.914
INLE 77  6.00 16.00 9.7792  1.76682 3.122
OUTLE 77 4.00 17.00 9.3117  2.29565 5.270
IN IM 77 5.00 19.00 13.1818  3.15698 9.967
OUTIM 77 3.00 19.00 13.1948 3.61298 13.054
IN VP 77 -1.20 9.80 6.8987 1.94114 3.768
OuUTVvP 77 -2.00 9.80 6.6844  2.40477 5.783

Negative variable means its value is less than the average of
EMU drivers (the same, below).

4.2 The comparative analysis of different job
organization

We continued to study the differing mental loads of the EMU
drivers, which affected their working times and occupational
psychological quality, and there were significant differences in
their occupational psychological quality test scores. The analy-
sis results for the different professional psychological quality
tests for both single and double locomotive EMU drivers are
presented in the following table:

ing table. Table 4 Significant differences in the Beijing EMU drivers’
professional psychological test results
Table 2 Significant differences in the EMU drivers’ OUT OUT OUT OUT OUT
professional psychological test results ?Ei;o ATT CR LE M VP
OUTATT OUTCR OUTLE OUTIM OUTVP INATT AINCR - -INLE - -INIM--INVP
AINATT ~ -INCR  -INLE  -INIM  -INVP z -1.310a  -1.496a -1.277b -1.385b -2.240b -.024a
Z -.844a -.059a -1.875a -.300b .000¢ Asymptotic
. significance  .190 135 202 .166 .025 981
Asymptotic )
significance 398 953 061 764 1.000 (double side)
(double side)
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The data analysis showed no significant differences in total
score, attention allocation (In ATT), complex reactions, learning
ability, or speed predications among the professional psycho-
logical quality rapid tests. Among the 29 EMU drivers in the
Beijing Railway Bureau, there were significant differences in
their instantaneous memory test scores. In the individual and
total scale scores, the average instant memory test scores for In
ATT were significantly lower than those for Out. The complex
reaction and learning ability test scores were also lower than the
average for Out ATT, and the attention distribution and speed
prediction scores were higher than the average Out ATT scores.

Table 5 Descriptive statistics for the Beijing EMU drivers’
professional psychological test results

Project N  Minimum Maximum Mean Stan.da.rd Variance
Deviation

INATT 29 6.00 10.00 8.5862  1.08619 1.180
OUTATT 29 2.00 10.00 8.1379  1.66313 2.766
IN CR 29 140 9.00 5.8897  1.89102 3.576
OUTCR 29 -1.20 8.40 6.0483  2.46788 6.090
INLE 29 6.00 15.00 9.9655  2.02630 4.106
OUTLE 29 6.00 14.00 10.3793  1.65645 2.744
IN IM 29 6.00 19.00 12.6897 3.14079 9.865
OUTIM 29 4.00 19.00 13.8966 3.42621 11.739
IN VP 29 -1.20 9.80 6.6069  2.38296 5.679
OUTVP 29 -2.00 9.40 6.1690  2.95431 8.728
INTO 29 3420 52.20 43.7379  4.77796 22.829
OUTTO 29 19.30 55.40 44.6310 7.70051 59.298

The results showed that for the 29 EMU drivers in the Beijing
Railway Bureau, their overall professional mentality scores,
factoring in psychological load in a single continuous opera-
tion, improved by a small margin; for example, their instanta-
neous memory test scores improved significantly. Among the
EMU drivers, after two hours of driving operation, dispatcher
communication, recording schedule commands, complex reac-
tions, transient memory, and learning ability all improved,
including significant improvement in transient memory. Atten-
tion allocation and the predictive power of the transfers of
power and speed showed slight declines, suggesting that the 27
Beijing Railway Bureau EMU drivers experienced less of an
overall mental load, and thus reduced labor intensity.

Table 6 Significant differences in the Shenyang EMU
drivers’ professional psychological test results

OouT ouT ouT ouT ouT
OUT TO
ATT CR LE M VP
-IN TO

-INATT -INCR -INLE -INIM -INVP
Z -2.068a  -.198a  -1.796b -3.049b -1.235b -.197a
Asymptotic
significance  .039 .843 .072 .002 217 .844
(double side)

Table 7 Descriptive statistics for the Shenyang EMU
drivers’ professional psychological test results
. .. . Standard .
Project N Minimum Maximum Mean o Variance
Deviation

INATT 33  3.00 10.00 7.7576  1.56186 2.439
OUTATT 33  5.00 10.00 7.8485 1.41689 2.008
IN CR 33 -4.60 8.60 5.9273  2.64377 6.990
OUTCR 33 -7.20 7.80 5.3758  2.78647 7.764
INLE 33 7.00 12.00 9.4242  1.32359 1.752
OUTLE 33 4.00 14.00 8.2121  2.05787 4.235
IN IM 33 6.00 19.00 13.4545 2.95900 8.756
OUTIM 33 3.00 19.00 13.0000 2.79508 7.813
IN VP 33 2.80 9.20 7.0970  1.51089 2.283
OUTVP 33 -1.00 9.80 7.0121  2.23939 5.015
INTO 33 33.60 58.80 43.6606 5.87569 34.524
OUTTO 33 27.80 55.20 41.4485 5.59867 31.345

The above data analysis shows that there was an overall
significant decline in professional mentality influenced by psy-
chological load in a single continuous operation among the 33
Shenyang Railway Bureau EMU drivers; their learning ability
test scores decreased significantly. The drivers’ complex reac-
tions, instantaneous memory, learning ability, and ability to pre-
dict when speed had all decreased significantly. EMU driving
for four hours was closely related to high attention; thus, atten-
tion allocation and transfer ability increased slightly among the
33 Shenyang Railway Bureau EMU drivers based on the higher
overall labor intensity of their psychological loads.

Table 8 Significant differences in the Shanghai EMU
drivers’ professional psychological test results

ouT ouT ouT ouT ouT
OUT TO
ATT CR LE M VP
-INTO
-INATT -INCR -INLE -INIM -INVP
4 -51la -905a  -910b  -1.524a -.670a -.199a
Asymptotic
significance  .609 .366 363 128 .503 .842
(double side)
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Table 9 Descriptive statistics for the Shanghai EMU
drivers’ professional psychological test results

Project N  Minimum Maximum Mean Stan'da'rd Variance
Deviation

INATT 15 6.00 11.00 8.8000  1.37321 1.886
OUTATT 15 5.00 11.00 8.6000  1.50238 2.257
IN CR 15 -20 8.60 5.6267 231993 5.382
OUTCR 15 -2.00 8.40 5.9600  2.65352 7.041
INLE 15 7.00 16.00 10.2000 2.04241 4.171
OUTLE 15 5.00 17.00 9.6667  2.84521 8.095
IN IM 15 5.00 19.00 13.5333  3.68136 13.552
OUTIM 15 3.00 19.00 12.2667 5.24359 27.495
IN VP 15 3.20 9.40 7.0267  1.89566 3.594
OUTVP 15 5.00 9.20 6.9600  1.26084 1.590
IN TO 15 26.20 61.40 45.1867 8.54349 72.991
OUTTO 15 32.60 63.80 43.4533  9.56316 91.454

The above data analysis shows that there was an overall sig-
nificant decline in professional mentality influenced by psycho-
logical load in a single continuous operation among the 15 EMU
drivers of the Shanghai Railway Bureau. Among these drivers,
after driving for ten hours, their complex reactions, transient
memory, learning ability, and ability to predict speed decreased.
Attention allocation and transfer ability slightly increased; this
finding reflects that driving as an EMU driver for ten hours dur-
ing the highly focused and dual-driver duty system is closely
related to physical exertion and psychological load labor inten-
sity. This finding makes it possible to alert other EMUs of poten-
tial dangers, giving the Shanghai Railway Bureau driver group a
moderate overall labor-intensity-based mental load.

4.3 Comparative analysis by age
This study’s driver age distribution was more uniform among
the 33 Shenyang Railway Bureau EMU drivers, as shown in the

The data analysis showed no significant differences in the
professional mentality rapid tests results before and after the
five test scores for the 9 areas among age 30 and under driver
groups in the EMU drivers of the Shenyang Railway Bureau.
Their scores were slightly higher than the average ride back
multiplied by the average score.

Table 11 Descriptive statistics for the Shenyang EMU drivers’ professional
psychological test results — ages 20 to 30

Project N Minimum Maximum Mean Stan.da.rd Variance
Deviation
INATT 9 8.00 10.00 8.8889 78174 611
OUTATT 9 6.00 10.00 8.4444  1.50923 2.278
IN CR 9 620 8.60 7.2889 98036 961
OUTCR 9 1.60 7.80 6.1778  1.86934 3.494
INLE 9 7.00 12.00 9.6667  1.50000 2.250
OUTLE 9 6.00 11.00 8.8889  1.76383 3.111
IN IM 9 8.00 19.00 142222  3.38296 11.444
OUTIM 9 10.00 17.00 13.0000 2.29129 5.250
IN VP 9 2.80 9.20 6.6667 191311 3.660
OouTvP 9 -1.00 8.80 5.7333  3.02324 9.140

The results show that the 9 EMU Shenyang Railway Bureau
drivers aged 30 or under had professional mentality scores,
influenced by psychological load in a single continuous oper-
ation, that declined slightly. During four hours of operation,
when they faced long and complex environments, there were
traffic dispatchers to communicate, to record and to perform
scheduling commands; hence, the slight decrease in the five
tests’ scores. The end result is that the Shenyang Railway
Bureau’s moderate mental load on drivers aged 30 or under,
and the resulting overall labor intensity, do not significantly
reduce mental fatigue among these drivers.

following table: Table 12 Descriptive statistics for the Shenyang EMU drivers’ professional
psychological test results — ages 31 to 39
Table 10 Significant differences among the Shenyang EMU Standard
drivers’ professional psychological test results by age Project N Minimum  Maximum Mean Deviati Variance
eviation
ouT
OUT TO OUTCR OUTLE OUTIM INATT 15 3.00 9.00 7.8667 1.84391 3.400
Group ATT
INTO o app INCR INLE  -INIM OUTATT 15 5.00 10.00 74000 140746  1.981

Z -412a -1.541a -1473a -1.276a -.843a IN CR 15 2.20 8.00 5.8000 1.63881 2.686

20-30° Asymptotic OUTCR 15 -7.20 7.40 43867 356608 12717
ears 1901

YOS significance 680 123 141 202 399 INLE 15 800 1200 9.6000 124212 1.543

(double side)
o ? 1oa 12900 19736 8200 -93%a OUTLE 15 4.00 1400 84000 226148  5.114

Asymptotic IN IM 15 8.00 19.00 13.8000 2.59670  6.743
years 472 .197 .048 412 .348

significance OUT IM 15 10.00 19.00 13.6000 2.41424 5.829
40-50 2 0002 -475b  -1.975b  -119  -.05%¢ IN VP 15 5.00 9.00 73600  1.36109  1.853

A toti
years CVTPIOUC 000 635 048 905 953 OUTVP 15 580 9.80 78667 131728 1735

significance
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The analysis results show that the professional psychologi-
cal quality of the 15 drivers from the Shenyang Railway Bureau
who were between 31 and 39 years old was affected by their
psychological load and that their overall state declined sig-
nificantly. In the course of driving for four hours, the drivers’
attention allocation and transfers, complex reactions, instanta-
neous memory, and learning ability decreased. Their overall
psychological load from the labor intensity was high, and their
psychological load fatigue and their professional psychological
quality decreased significantly.

Table 13 Descriptive statistics for the Shenyang EMU drivers’ professional
psychological test results — ages 40 to 50

Project N Minimum Maximum Mean Stan'da.rd Variance
Deviation

INATT 9 5.00 8.00 72222 1.09291 1.194
OUTATT 9 5.00 9.00 7.1228  1.20185 1.444
IN CR 9 280 7.40 6.2222  1.39443 1.944
OUTCR 9 -4.60 8.00 4.7778  4.32371 18.694
INLE 9 7.00 11.00 8.8889  1.26930 1.611
OUTLE 9 4.00 10.00 7.2222  1.78730 3.194
IN IM 9 6.00 16.00 12.1111  2.97676 8.861
OUTIM 9 3.00 16.00 12.0000 3.74166 14.000
IN VP 9 420 8.40 7.0889  1.37518 1.891
OUTVP 9 3.60 9.40 6.8667  2.15639 4.650

The results show that among the 15 EMU Shenyang Railway
Bureau drivers who were aged 40 years and older, their pro-
fessional mentality was influenced by the psychological load in
a single continuous operation, but their overall state decreased
significantly. In four hours of driving, attention allocation,
transfer of complex reactions, instantaneous memory and learn-
ing ability declined, all of which gave the Shenyang Railway
Bureau drivers who were older than age 40 years a high labor
intensity based on psychological load strength testing.

Based on the analysis of psychological load labor intensity
among EMU drivers, it was found that under the same operat-
ing conditions (a single driver working for four hours), drivers
at all ages were affected by the mental load, based on the pro-
fessional mentality rapid changes test results for the different
age groups. It is clear that there were no significant differences.
Among the group that was aged 30 years, there were signifi-
cant changes, specifically, a significant decline in mean learn-
ing ability. Overall, the psychological burden on professional
mentality exerted a greater impact on vocational psychological
quality, and this decreased significantly, although to varying
degrees. Overall, the labor-intensity-based mental load was
lower for drivers at age 30 than it was for drivers who were

5 Discussion

Considering the effects of work time on the driver-based psy-
chological burden of labor intensity, the Shenyang and Shang-
hai Railway Bureau EMU drivers showed more adverse effects
from their typical operating times than did EMU drivers from
the Beijing bureau, who drove <2 hours with no adverse effects
on their professional psychological loads. In fact, the short
driving times in the Beijing Railway Bureau might even have
slightly enhanced the psychological load based on the low labor
intensity. When single continuous operation time (i.e., the Shen-
yang and Shanghai Railway Bureau times of 4 hours) adversely
affected mental load, and thus professional psychological qual-
ity, professional mental quality decreased to varying degrees.

Considering the locomotive drivers’ driver-based psycho-
logical burdens and labor intensity, it is clear that the psycho-
logical load among the Shanghai Railway Bureau EMU drivers
adversely affected their professional psychological quality.

Comparing two different sets of operating conditions, the
Shenyang Railway Bureau posts single EMU drivers for four
hours, whereas the Shanghai Railway Bureau has single driv-
ers operating for 4-5 hours on average. Although the Shanghai
Railway Bureau EMU drivers’ average operating time is higher
than that for the Shenyang drivers because of the double-driver
system, the continuous operation time can be discretionary.

6 Conclusions

The purpose of this study was to investigate the existing,
rational EMU driver allocations of human resources to maxi-
mize efficiency. Based on relevant theoretical research and
drawing on that research on labor intensity using both domes-
tic and foreign-based mental loads, and using the scientific
method, we propose rational suggestions for EMU driver
organization and management systems.

Based on the different operating times, this study compared
the organization of different jobs in different situations. The
negative impact of psychological load on EMU driver labor
intensity varied. With a single-driver continuous value multi-
plied by a time of less than two hours, there were no significant
differences; multiplied by more than 4 hours, there was a signif-
icant difference in psychological quality; specifically, the mul-
tiplied career mental quality level decreased significantly. The
EMU single continuous value multiplied by driving time driver
should not be more than four hours to receive the full benefit.

When EMU drivers average fewer than four hours of operat-
ing time, a two-crew operation system is necessary. Currently,
China’s EMU drivers face a reasonable workload; their over-
all labor intensity, that is, up to a certain psychological impact
load, is within a reasonable range. EMU drivers’ work organi-
zation not only reasonably addresses their work intensity but
also attends to a reasonable mix of odd and even drivers.

below age 30. Under the same operating conditions (one single driver
working for four hours), the EMU drivers’ ages, based on
242 Period. Polytech. Transp. Eng. H. Zhou, L. Ye, M. Guo, D. Gong



the clear effects for psychological load labor intensity, did to
some extent influence mental load. Overall, the labor intensity
impact for drivers aged 30 was less than that for drivers under
age 30 years old driver. Regularly testing EMU team drivers,
particularly those older than age 40, should ensure road safety.
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