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,is study explores the multiple organizational relationships between frontline miners, managers, and supervisors to reveal the
human organizational risks of coal mine safety and health management. Data were collected from six high-risk rock burst
underground mining companies operating in western, central, north-eastern, and south-eastern regions of China. A total of 1105
respondents from the three core groups were investigated. Descriptive statistics and paired test methods were used to empirically
analyze the deteriorated and dislocated relationships between multiple roles. ,e specific conclusions are as follows: (1) Miners’
perception of relationship quality is the lowest, and the managers’ perception of relationship quality is the highest. (2) “Closeness”
relationship is expressed among peer colleagues for all multiple roles. (3) ,e deteriorated relation rate of miners averagely
reached 19.67%, and that of supervisors averagely reached 17.63%, thereby mostly reaching 27.8% for miners with regard to
supervisors. (4) ,e workers in high positions easily have a phenomenon of “overestimated confidence” in the perception of
dislocated relationships, and the “miners-supervisors” and “supervisors-manager” dual-core contradiction have obviously been
emerging. (5) ,e valuable, harmonious, and extent degree are relatively lowest in all relationship items.

1. Introduction

Mine health and safety constitute an integral part of every
mining operation and one of the most important aspects of
sustainable mining [1]. Rock burst is a major dynamic di-
saster that directly threatens safety in coal mines. Rock burst
prone coal mines with the inevitably increasing mining
depth and intensity are hazardous workplaces requiring
serious attention to mine safety [2]. Physical factors such as
ground fracturing, principal stresses measurements,
microelectromechanical systems, and other risk factors have
been extensively studied for rock burst prone coal mines
[3–5], while human factors have mostly been ignored in this
area. Traditional human behavior studies for coal mine
safety have concentrated on unsafe behaviors, occupational

injuries, and hidden dangers [6, 7]. Literature reveals that the
relational quality and priority among various functional
roles such as managers, supervisors, and employees are
related to safety activities [6, 8]. ,e harmonious and high
quality of the organizational relationship is the basic re-
quirement for developing a safe and healthy enterprise [9],
which is true for the particular field of the coal industry. ,e
butterfly effect of human factors becomes a dangerous threat
for accidents in mines. In addition, the current depressed
environment for overcapacity reduction of coal, the in-
creased risk of employee unemployment, the reduced sense
of social and professional identity, and the weakened
profitability of Chinese coal mines resulted in conflicts due
to unbalance of the low income, low recognition, and high
requirements. Conflicts between managers, supervisors, and
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frontline miners intensify and diffuse the distrust between
them. ,ere is no resultant force among multiple roles,
which results in serious human risks and hidden dangers for
accidents.

However, there is a certain slow lag for multiple orga-
nizational relationship research in coal mine safety man-
agement. Meanwhile, the exchange of leadership members
in the field of organizational relationship research is a hot
topic, which provides new thoughts for traditional coal mine
multiple role studies. Leader-member exchange (LMX)
thoughts break through the single relationship of organi-
zational support and leadership support to two sides and
interactive relationship. Additionally, the employee-orga-
nization relationship (EOR) and team-member exchange
(TMX) both provide interactive views for multiple roles
studies. ,ere is no doubt that interactive relationship plays
a key role in organizational performance, and high LMX is
always characterized by mutual trust, respect, and loyalty. In
general, the lower the LMX variance within a team or the
higher the team members’ LMX, compared to the team’s
mean LMX, the better the teamwork results [10]. A healthy
and harmonious organizational relationship can undoubt-
edly improve work performance and output. Organizational
factors have been emphasized by many scholars in coal mine
safety and health management [11, 12]. However, the studies
on the multiple roles’ interactive relationship with each
other in the coal mine system are still missing.,erefore, this
study examines the relationship between multiple organi-
zational members (frontline miners, managers, and super-
visors) to reveal whether there is a good organizational
environment and a misalignment in the quality of the re-
lationship between members with different responsibilities
and identities in the rock burst prone coal mine system.,is
study will provide new research ideas for mine safety and
health research.

2. Literature Review

2.1. Human Factors in Coal Mine Safety and Health
Management. Most of the studies on human factors of coal
mine safety and health management are focused on the
miners, whose unsafety behavior has always been the main
content of the research. Unsafe behaviors include specialized
and generalized concepts. ,e specialized unsafe behaviors
specifically refer to habitual behaviors with noncompliance
for safety policies and procedures, which are primarily at-
tributed to physiological aspects, cognitive aspects, safety
knowledge and awareness, work habits, safety training,
safety atmosphere, and other factors [13–15]. ,e general-
ized sense of unsafe behaviors covers all behaviors that pose
hidden dangers to safe production, such as counterpro-
ductive behaviors [16], burnout behaviors [17, 18], quit
behavior, and ignorance behavior [19]. ,e generalized
unsafe behavior expands the paradigm of attribution factors
for a safety issue and changes from the coal mine unsafe
behavior paradigm to the healthy behavior paradigm. ,e
internal influencing factors gradually evolve to the per-
spectives of miners’ intrinsic safety perception commitment,
moral restraint, and mental health [20–22]. However, the

limitations were appearing based on the single role of coal
miners since individuals do not exist alone.,ese studies are
breaking away from the behavioral research paradigm in the
context of a multirole environment. Meanwhile, some
scholars have begun to pay attention to the important role of
organizational elements and multirole interaction. Some
scholars believe that there is a positive relationship between
coal mine employees’ safety awareness and organizational
culture. Karen stated that the size and diversity of organi-
zations have related effects on coal mine safety accidents
[11].,rough literature review, it is found that organization-
related factors are usually one of the comprehensive ele-
ments for safety behavior, mainly focusing on organizational
culture and organizational systems, lacking independence
and systematic studies for multiple organizational rela-
tionships. ,e fact is that coal mine safety is an important
and inseparable output task undertaken by multiple output
entities. It is a public output that relies on the “results of the
safety behaviors of all occupational roles participated in
production actions” [19]. ,erefore, the organizational re-
lationship of multiple roles should not be ignored but taken
as the core contents for the safety and healthy development
of coal mines.

At present, managers and miners have always been the
central focus of attention. ,e research of organizational
relationships usually adopts game methods. Yang et al.
examined the impact of managers’ emotions on miners’
behavior using a bilateral signaling game driven by emotion
and judgment [23]. Yu et al. described the asymmetry of the
game interests between managers and miners with the
system dynamics method [24]. It is precisely because this
asymmetry affects the stability of workers’ behavior,
resulting in unsafe behavior. At present, the relationship of
multiple roles among managers, frontline miners, supervi-
sors in the coal mine system is relatively weak. Previous
studies based on field surveys have shown that miners have a
low psychological perception of affections and resource
interactions among colleagues, supervisors, and managers.
,is indicates that the sub-health state was released from the
aforementioned roles. Since the availability of high-quality
shallow coal has decreased and mining depth and intensity
have increased, rock burst disasters have become a signifi-
cant concern for safe and efficient mining. Prior research has
mostly focused on the influence of physical factors, dynamic
models, and development and application of rock burst
prevention equipment [25–29]. However, the role of unsafe
behavior in the occurrence of rock burst accidents has not
yet been studied [30]. ,erefore, analyzing the relationship
quality of multiple roles is essential in order to go over the
latent relational risk of safety and health management in coal
mines prone to rock bursts.

2.2. ,eoretical Literature Review on Organizational
Relationships

2.2.1. Analysis of the ,eoretical Basis of Organizational
Relations. ,e employment relationship is an indispensable
content in the study of organizational relations, focused on
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the employer and the employee. ,e employment rela-
tionship is based on the “social exchange theory,” which
supposed that exchange is the basis of the bilateral rela-
tionship, which includes internal and emotional exchange
and external and economic exchange [31, 32]. In later pe-
riod, incentives-contribution theory, organizational sup-
port, psychological contract theory, and resource
conservation theory emerged based on the social exchange
theory, which, respectively, focused on four aspects of in-
dividual needs: organizational commitments, responsibili-
ties, obligations of both parties, and resource supply and
demand [33, 34]. ,ese basic theories provided the basis for
the existence of the quality of the employment relationship.
As a whole, there has been a variety of vertical and parallel
research works on internal organizational relationships,
such as employee-organization relationship (EOR), leader-
member exchange (LXM), and team-member exchange
(TMX) research. EOR reflects the status of the relationship
between employees and their organization in internal
management [35]. ,e quality of EOR is not only related to
the vital interests of employees but also important to or-
ganizational task performance, organizational citizenship
behavior, etc. [36, 37]. However, in the actual organization
and management, agent-leaders as actual roles performed
the interactive and coordinated activities between the or-
ganization and employees. More scholars have begun to use
the leader to replace the organization as the direct role since
the organization is a virtual and unclear concept for the
employee. After that, the binary relation between leaders and
members has gradually been of great concern. A good
quality relationship between leaders and employees is always
characterized by high trust, responsiveness, mutual influ-
ence, and support [38]. Meanwhile, a high-quality interac-
tion between leaders and members reduces employees’ sense
of insecurity at work, improves work performance and
enthusiasm, and improves work and family [9, 39]. How-
ever, the current studies still focus on one-way relationships
measured from the employee’s perspective while ignoring
the dual relationship between the leader and the employee in
the organization. Although the concepts of “mean” and
“difference” were adopted in the LMX studies, they pointed
out the interactive differences in the relationship between
leaders and members. However, the studies of relational
measurement still were conducted from the signal per-
spective of employees [40, 41]. In addition to the employee-
organization or the employee-leader vertical relationship,
the horizontal team relationship is also particularly im-
portant in the organizational relationship. Based on the
exchange theory framework, team-member exchange is the
interaction of views and help between team members,
thereby forming a mutually beneficial relationship [42]. ,is
kind of reciprocal performance among teammembers is also
an important part of multiple relationships. Individuals with
high-quality team-member exchanges are more willing to
work hard for the team and concurrently receive rewards
such as acceptance, trust, and support from the team. On the
other hand, individuals with low-quality team-member
exchanges lack cooperation, trust, and social returns with
team members [43]. It could be seen that the differentiated

exchange features of multiple roles are attracting more
scholars, whether it is the exchange of leadership members
or team members. Martin et al. distinguished between two
different LMX methods, namely, “shared perspective of the
team” and “unique perspective of the follower,” to predict
the different outcomes in terms of the individual level and
team level [10]. Although these measurements are based on
the perceptive of employees, differentiated relational cog-
nition has appeared in the study of interaction among
leaders or team members. To sum up, it can be seen that the
current literature does not address multiple organizational
roles or the differences of their interaction as a potential
cause of risks in the coal mine sector. EOR, LMX, and TMX
offered multiple ideas about the organizational relationship
between different roles and proved the quality of role re-
lationship directly related to work output. ,e related
studies will provide theoretical support for multiple entities’
relationships in the coal mine safety and health
management.

2.2.2. Attributes of the Relationship Quality of Organization
Members. ,e most representative EOR scale in the orga-
nizational field was designed by Tasui et al. [36]. It included
two dimensions, with a total of 7 items: ① expected con-
tribution (3 items) refers to measuring the degree of human
resource practices that encourage employees to focus on job
performance by the employer;② the incentives provided (4
questions) are measured by the degree of training and
employment safety provided to employees by the employer.
In addition to the scale developed by Tasui et al., the EOR
scale further developed by Hon et al. is also used by some
scholars.,e scale draws on the definition of public relations
and subdivides EOR quality into six parts: satisfaction, trust,
commitment, mutual control, exchange relationship, and
mutual relationship, with a total of 30 questions.

,e most representative scale for LMX was developed by
Gerstner [44] with a total of 7 items. ,rough meta-analysis,
it is found that the reliability coefficient is relatively high,
between 0.8 and 0.9 [44]. ,e scale included the following
items: “manager could understand your problems and needs
in work” and “manager would use his power to help me out
of trouble”.,is scale is evaluated by employees. In the TMX
study, another common scale developed by Seers to measure
team-member exchange is commonly used, with 10 items in
total, such as “in a busy situation, team colleagues will askme
to help” and “willing to help me complete the tasks that were
assigned to me by the leader” [42].

In addition to the above-mentioned classic relationship
scales, many scholars have also put forward their insights on
relationship cognition. For example, Namisango and Kang
measured the level of relationship between the organization
and the public from three aspects: relationship strength,
cohesion, and symmetry [45]. As mentioned earlier, the
research originated in Western countries and adapted to the
individualism in Western culture and the characteristics of
social relations regulated by contract and exchange. How-
ever, the interdependence and ethics of social relations are
emphasized in traditional Chinese culture. ,e kind of
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affection was strengthened in a Chinese context. ,e rela-
tionship carries different attributes, such as extent and
density, depth, and intimacy [35, 46].

2.3. Organizational Relationship Framework among Multiple
Roles inCoalMines. ,e contribution of safety outputs from
the specific functional divisions of labor is considered.
Frontline miners, managers, supervisors, and auxiliary staff
are divided into four groups: the executive group, the de-
cision group, the supervision group, and the supportive
group. ,e first three groups account for 80% to 90% of the
total manpower and become the core entities involved in the
coal mine safety production. ,e decision group mainly
refers to the leadership group (management body) re-
sponsible for production and operation decision-making
and command functions of the coal mine enterprise. It
includes the chief of the mine, engineers in charge of
professional departments, directors, technical personnel,
and deputy directors. Frontline leaders include district
captains, technicians, and workshop (deputy) directors. ,e
supervisors have the duties of safety supervision and hazard
elimination, mainly charged by the safety supervision de-
partment. ,ey also provide support for the safe production
process by finding the hazards from the environment or
humans and undertaking safety education and training for
miners.,e executive group has the duties of the special task
under the mine, working in the team groups. ,ey have the
duties of frontline work in different departments, such as
driving, ventilation, transport, waterproofing, and electric-
ity. ,e reports of previous coal mine accidents reveal that
the leading causes of the accidents came from the unsafe
behaviors of miners, especially facing the rock burst. ,e
support group is the auxiliary function for the production
and operation of the enterprise, such as the staff in the fi-
nancial department and labor union.

To sum up, according to the contribution of safety
output, miners, managers, and supervisors are particularly
important in the entire system. ,is study takes these three
roles as the main research objects for subsequent consid-
eration. ,e relational quality among the three roles is
particularly relevant not only to their organizational stability
and work performance but also to the sustainable devel-
opment of safety and health in coal mines. ,us, this study
would explore their multiorganizational relationship, aim-
ing to address two major questions: (1) What is the rela-
tionship quality perceived by each role with regard to the
other roles, i.e., miners, managers, supervisors? (2) Are there
dislocated relations between multiple roles, e.g., miners and
managers, miners and supervisors, managers and
supervisors?

3. Research Design and Survey

3.1. Variable Measurement. A questionnaire was designed
based on the literature [44] and revised according to the
context of Chinese culture. ,e questionnaire included basic
information about the workers and multirole organizational
relationship scales. After modifying based on reliability and

validity analyses, the final questionnaire consisted of 14 self-
reported items. ,e individual information has seven items:
participants’ age, work experience, education, number of
people/children supported, marital status, religion, and
(family’s) monthly income. ,e remaining items were about
the organizational relationship scale, which consisted of 7
items to measure the multiple work roles’ relationship
perceptions with each role based on the organizational re-
lationship scale.,emultiple work role relationship includes
frontline miners’ relationship, managers’ relationship, and
supervisors’ relationship. ,e items included are shown in
Table 1. ,e questionnaire was designed based on the 10-
point Likert scale, ranging from 1 “highly disagree” to 10
“highly agree.” Questionnaire items were used for both
groups of workers except for differences in targeted roles.

3.2. Sample. Deep mining has resulted in an increase in coal
mine accidents, mainly caused by rock bursts. ,e later
accident analysis shows that human factors are a significant
contributor to these accidents. For that reason, this study
was conducted at six coal mines that are at high risks of rock
bursts. ,ese mining companies are located in western,
central, north-eastern, and south-eastern regions of China.
,e research team visited mine sites to distribute ques-
tionnaires and collect the data. Participants were male
Chinese coal frontline miners, managers, and supervisors.

,e research team encountered many difficulties
throughout the whole survey process. First, arrangements
were done for a suitable time to fill questionnaires, taking
into account the avoidance of conflicts between participants’
working hours and time to complete the questionnaire.
Participants completed their questionnaires individually
prior to their work shift. Second, to ensure accurate filling,
management personnel were requested to leave the site
during the process of completing the questionnaire. ,ird,
preparations were made to ensure that participants un-
derstand each of the questionnaire items. Since some aged
and less educated workers have low literacy, one-to-one help
was provided to them to improve their understanding and
help them choose their appropriate response.

As part of the presurvey, a total of 350 questionnaires were
distributed. Of those, 305 valid questionnaires were collected
from participants in an anonymous manner. ,e reliability
and validity of the questionnaire were analyzed based on the
item analysis and principal component analysis using SPSS
software. ,e results showed that the questionnaire has good
reliability and validity. In the formal survey phase, a total of
1310 questionnaires were distributed. With an effective re-
covery rate of 85%, the number of participants for this study
reached 1115. Of all participants, 661 were miners, 244 were
managers, and 200 were supervisors. ,eir partial demo-
graphic details are given in Table 2.

Frontline miners aged below 30 accounted for 15.3%, a
percentage higher than that of managers and supervisors.
Managers and supervisors over the age of 40 are significantly
more than miners, showing that miners are younger than
others. In terms of income per month, the managers’ income
per month above 8000 RMB accounted for 35.7%. However,
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only 3.6% of miners and 1% of supervisors reach above 8000
RMB. Supervisors’ income per month between 4000 and
6000 reached 86.5%, which is lower than that of miners. In
terms of education, more than half of managers have at least
undergraduate degree (46.3% undergraduate and 8.6%
postgraduate), but more than half of miners and supervisors
have below high school education (frontline miners: 41.8%
junior school, 23.1% high school; supervisors: 30.5% junior
school, 27.0% high school).,e number of supported people
is nearly close among the three roles; the proportion sup-
porting around 3 or 4 people are the most, and managers
supporting people above 5 are relatively less thanminers and
supervisors.

3.3. Reliability and Validity Analysis. SPSS 22.0 and AMOS
21.0 as common software were used to test the reliability and
validity of the data. ,e reliability of the questionnaire was
analyzed in terms of Cronbach’s α and item-to-total analysis
(Table 3). Multiple subjects are abbreviated in all tables and
figures. F stands for frontline miner, S represents supervisor,
M represents manager, and R represents relationship. Ac-
cordingly, the F-MR denotes frontline miners’ perception of
their relationship with managers.

,e questionnaire has good reliability as the Cronbach’s
α values of all factors are between 0.888 and 0.936, and those
for the survey of frontline miners, managers, and supervisors
are 0.938, 0.942, and 0.955, respectively. ,e item-to-total

Table 1: Scale of organizational relationship.

Scale items Contents Scale (1–10)
Harmonious
degree

You have a mutually beneficial connection that is balanced with your managers/supervisors/
miners

Highly disagree–highly
agree

Extent degree ,ere’s some intersection of life and work between managers/supervisors/miners and you Highly disagree–highly
agree

Density degree You have enough interactions and communications with your managers/supervisors/miners Highly disagree–highly
agree

Depth degree Managers/supervisors/miners could understand your problems and needs in work Highly disagree–highly
agree

Intimacy degree You feel that the managers/supervisors/miners are family members Highly disagree–highly
agree

Valuable degree Managers/supervisors/miners would use their power to help you get out of trouble Highly disagree–highly
agree

,ickness degree You have enough confidence in managers/supervisors/miners so much that you could
defend and explain the decisions they make even if they are not present

Highly disagree–highly
agree

Table 2: ,e percentage of demographic variables of all samples.

Demographic variables Categories Frontline miners (%) Managers (%) Supervisors (%)

Age

<30 15.3 7.0 5.0
31–35 16.5 17.2 16.0
36–40 15.6 20.5 17.5
41–45 23.6 19.3 30.0
46–50 19.2 23.4 18.0
>51 9.8 12.7 13.5

Monthly family income (RMB)

≤2000 9.4 2.0 7.0
2000–4000 41.3 30.7 54.0
4000–6000 29.8 23.4 31.5
6000–8000 15.9 8.2 6.5
8000–10,000 2.7 11.5 0.0
>10,000 0.9 24.2 1

Number of supported people

1 people 5.0 3.3 3.0
2 people 8.8 10.7 11.0
3 people 29.8 36.9 38.5
4 people 31.2 33.2 24.0
>4 people 25.0 16.0 23.5

Education

<PS 1.1 0.8 1.5
PS 3.9 1.6 1.5
JS 41.8 13.9 30.5

HS; ST 23.1 12.7 27.0
JC 17.5 16.0 18.0
U 10.6 46.3 21.0
P 2.0 8.6 0.5

Note. Education includes the following: P (postgraduate); U (undergraduate); JC (junior college); ST (secondary technical); HS (high school); JS (junior
school); PS (primary school).
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coefficient ranged between 0.509 and 0.851, proving a good
validity based on the principle that the item-to-total coef-
ficient was higher than 0.3.

Additionally, a further validity test was conducted using
AMOS. After adjustments for the mode of organizational
relationship, the fitting indexes reached a better range. ,e
indicators of organizational relationship were CMIN/DF:
4.288, GFI: 0.987, RMSEA: 0.071, NFI: 0.992, AGFI: 0.948,
RFI: 0.976, IFI: 0.994, TLI: 0.981, and CFI: 0.994. ,ese
results prove good reliability and validity of the multirole
organizational relationship scale. Moreover, principal
component analysis was performed to export factors
structure for survey items. ,e KMO values of frontline
miners, managers, and supervisors are 0.923, 0.898, and
0.909, respectively. Bartlett’s test score for sphericity was
significant (p< 0.001). ,e three variables in the frontline
miners’ questionnaire reached 72.853% of the variance. ,e
F-MR, F-SR, F-WR values were 29.931%, 52.802%, and
72.853%, respectively. In the manager’s questionnaire, the
variance in FR, M-SR, and M-WR was recorded as 46.830%,
58.489%, and 66.006%, respectively. ,e findings of the
supervisor questionnaire showed that S-MR, S-FR, and
S-WR were 53.143%, 63.500%, and 70.714%, respectively.

4. Data Analysis

4.1.,e Average Analysis of the Relational Quality ofMultiple
Roles. ,e whole relational quality of multiple roles by the
average analysis method is directly presented. Every role
has three relational connections with others. In every
connection, three types were identified: deteriorated rela-
tion [1, 4], medium relation (4, 7], and closeness relation (7,
10]. Deteriorated relation (DR) represents the poor quality
of the relationship. Medium relation (MR) represents the
general pass quality of the relationship. Closeness relation
(CR) represents the high and closeness quality of the
relationship.

It can be seen from the average quality of the relationship
between miners, managers, and supervisors in Table 4 that
the relationship quality of miners is the lowest (5.831), the
relationship quality of managers is the highest (6.456), and
the relationship quality of supervisors is in the middle
(5.996). As a whole, the relationship with regard to peer
colleagues is the highest compared with other different roles
for miners, managers, and supervisors. ,e relationship
quality of miners regarding managers and supervisors has

not exceeded the intermediate level (5.5), showing a poor
relational situation. ,rough the analysis of deteriorated,
medium, and closeness relations, it can be found that the
average deteriorated relation rate of miners and supervisors,
respectively, reached 19.67% and 17.63%. ,e deteriorated
relation rate of miners with regard to managers and su-
pervisors is relatively high (23.75%, 27.38%), while that of
managers with regard to other roles is relatively low (8.61%,
11.07%), and deteriorated relations of supervisors with
regard to managers is relatively high (27.36%). ,e results
show that the relationship quality among multiple roles is
not optimistic.

4.2. Analysis of Relationship Quality of the Same Role. ,e
same role has a different perception for other roles’ rela-
tionship; hence, the spatial distribution, difference analysis,
and specific items of the same role’s relationship quality with
other multiple roles should be further explored to reveal the
hidden relationship characteristics.

4.2.1. Scatter Diagram of Relationship Perception of the Same
Roles with Regard to Other Multiple Roles. ,e position of
each point represents the relationship quality of frontline
miners with the manager, supervisor, and colleagues in
Figure 1(a). It can be seen that certain differences in rela-
tionship quality were presented. ,e most points were
distributed in the score ranges between 4 and 6. Significantly,
the concentration of low scores is apparent for miners with
regard to managers and supervisors. At the same time, on
theMSmapping surface, the dots are nearly in a straight line,
indicating that the miners have a consistent effect on the
relationship cognition between managers and supervisors.
In Figure 1(b) for managers, the points are mainly con-
centrated between 6 and 7. Compared with miners, the
distribution of points is slightly shifting to the space of high
value, indicating that managers are relatively optimistic
about the perception of the relationship with multiple roles.
In Figure 1(c) for supervisors, the points are mostly con-
centrated between and 5 and 7. Compared with managers,
there are more singularities (asymptotic boundary points)
distributed. For each mapping surface of MS\SC\MC, all
projection is a relatively straight line compared to the other
two roles, indicating that the supervisor’s cognitive con-
sistent effect is more substantial.

Table 3: Reliability and validity analysis results of organizational relationship scale.

Scales Role Classification Cronbach’s α Item-to-total

Organizational relationship of multiple roles

Frontline miners (F)
F-MR 0.900 0.525–0.851
F-SR 0.891 0.589–0.783
F-WR 0.914 0.509–0.833

Managers (M)
M-FR 0.890 0.590–0.752
M-SR 0.888 0.529–0.747
M-WR 0.911 0.612–0.812

Supervisor (S)
S-MR 0.911 0.566–0.807
S-FR 0.916 0.681–0.804
S-SR 0.936 0.659–0.827

6 Shock and Vibration



4.2.2. Difference Analysis of Relationship Quality of the Same
Role with Regard to Other Multiple Roles. It is found that the
relationship quality perceptions of multiple groups presented

certain degrees of dispersion and differences based on the
scatter diagram. Hence, it is necessary to conduct a different
analysis based on the method of the paired sample t-test.
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Figure 1: Scatter diagram of relationship perception of (a) frontline miners, (b) managers, and (c) supervisors.

Table 4: Average analysis result of multirole relational quality.

Role Classification Mean value Standard deviation Deteriorated relation rate [1, 4] Medium relation rate
(4, 7] (%)

Closeness relation rate
(7, 10] (%)

F (%)

F-MR 5.564 2.12 23.75 47.35 28.90
F-SR 5.299 2.217 27.38 51.59 21.03
F-FR 6.630 1.942 7.87 51.59 40.54

Mean value 5.831 2.093 19.67 50.18 30.16

M

M-FR 6.44 1.726 8.61 57.38 34.02
M-SR 6.197 1.776 11.07 57.79 31.15
M-MR 6.730 1.687 6.15 48.77 45.08

Mean value 6.456 1.730 8.61 54.65 36.75

S

S-MR 5.448 2.197 27.50 51.50 21.00
S-FR 6.241 2.042 12.12 56.57 31.31
S-SR 6.301 1.925 13.27 55.10 31.63

Mean value 5.996 2.055 17.63 54.39 27.98
Note. F: frontline miners, M: managers, S: supervisors.
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,e results show significant differences in the rela-
tionship perception of frontline miners regarding managers,
supervisors, and coworkers (Table 5). Among them, the
relationship quality with managers is higher than that with
supervisors (mean differences� 0.957, sig.� 0.000). ,e re-
lationship quality with coworkers is higher than that with
supervisors and managers (mean differences� −2.023, mean
differences� −1.065, sig.� 0.000).

As for the managers, there are significant differences in
the relationship perception with regard to frontline miners,
supervisors, and coworkers. Among them, the relationship
quality with miners is higher than that with supervisors
(mean differences� 1.101, sig.� 0.000). ,e relationship
quality with coworkers is higher than that with supervisors
and frontline miners (mean differences� −1.391, mean
differences� −0.290, sig.� 0.000).

As for the supervisors, there are significant differences in
the relationship perception with regard to frontline miners,
managers, and coworkers. Among them, the relationship
quality with miners is higher than that with managers (mean
differences� 1.101, sig.� 0.000), and the relationship quality
with coworkers is higher than that with managers (mean
differences� −0.794, sig.� 0.000). ,ere are no significant
differences among coworkers and frontline miners.

4.2.3. Subitem Analysis of Relationship Perception of the
Same Roles with Other Multiple Roles. ,e subitem analysis
is used to reveal the specific and different performances for
interactive relationships; multiple roles show different dis-
tribution in the seven degrees of relationship perception.,e
subitems analysis of frontline miners, managers, and su-
pervisors is as follows.

Figure 2(a) shows that the overall average of harmonious
and extent degree of miners are relatively lowest, and every
subitem with coworkers is higher than other roles. ,e rela-
tionship quality of miners with coworkers is relatively highest
among all roles. In terms of coworkers, the highest value is
intimacy degree (mean� 7.041), and the lowest is the valuable
degree (mean� 5.992), followed by managers with the highest
value being depth degree (mean� 6.115) and the lowest being
extent degree (mean� 4.905). ,e relationship quality with
supervisors is overall worst. Among them, harmonious degree
(mean� 4.844), extent degree (mean� 4.752), and density
degree (mean� 4.828) are all lower than 5 points, indicating
that these degrees of relationship quality are quite poor.

Figure 2(b) shows that the average of the overall items of
managers is relatively higher and closer than the radar chart
of frontline miners. ,e relationship quality of managers
with coworkers is relatively highest compared to other roles
in terms of all items. In particular, the highest value is
thickness degree (mean� 7.393), and the lowest is the
valuable degree (mean� 6.516). ,is is followed by frontline
miners, with the highest value being depth degree (mean-
� 6.823) and the lowest being valuable degree (mean-
� 6.041). ,e relationship quality for supervisors is overall
worst. Among them, extent degree (mean� 5.988) and
density degree (mean� 5.816) are both lower than 6 points,
indicating that the relationship quality is relatively poor.

Figure 2(c) shows that the relationship quality of su-
pervisors with managers is obviously lower than that with
frontline miners and coworkers. In terms of coworkers, the
highest value is thickness degree (mean= 6.750), and the
lowest is a harmonious degree (mean = 5.955). ,is is fol-
lowed by frontline miners, with the highest value being
thickness degree (mean = 6.845) and the lowest being the
harmonious degree (mean = 5.945). ,e last is the rela-
tionship quality with managers; the value of the overall
subitem was lower than 6 points, and the harmonious degree
was the lowest (mean = 4.945).

4.3. Dislocation Analysis of Different Roles’ Relationship
Quality. ,e different analysis for the same role has been
explored in previous section. However, interactive analyses
among different roles should be further explored, such as the
bilateral analysis and dislocation levels analysis of different
roles.

It can be found that there is a phenomenon of “dislo-
cation” between the different bilateral roles in Figure 3. ,e
quality perception of managers is higher than that of miners
in both bilateral relationships. ,e same is true in terms of
the bilateral relationship between managers and supervisors;
the quality perception of managers is higher than that of
supervisors. In terms of the bilateral relationship between
miners and supervisors, the quality perception of supervi-
sors is higher than that of miners. To sum up, miners are
relatively pessimistic in the perception of heterogeneous role
relationships. In contrast, managers’ perception of inter-
personal relationships is excessively optimistic. ,is study
divides the dislocation status into five levels based on the
function of the ratio of (the low of role A-the high of role B)/
role A). When the misalignment exceeds 50%, this means
that the relationship scale has been completely out of bal-
ance. ,erefore, the dislocation is classified between 0% and
50%, respectively: deviated dislocation (0∼10%, I), distant
dislocation [10∼20%, II), exclusionary dislocation [20∼30%,
III), obstructive dislocation [30∼40%, IV), and fractured
dislocation [40∼50%, V) (see Table 6).

It can be seen that the overall dislocation ratio is between
9.7% and 32% in Table 5. Among them, the dislocations of
frontline miners and managers, and supervisors and man-
agers are relatively severe, showing the exclusionary dislo-
cation. ,is is followed by supervisor and managers, and
miners and managers, showing the distant dislocation.
Regarding the specific subitems of the relationship per-
ception, the overall differences in the extent degree, har-
monious degree, and density degree are obviously larger.

5. Discussion

,e poor organizational relationship leads to burnout of coal
mine employees. It is detrimental to the retention of loyal
and responsible employees in coal enterprises and reduces
employees’ safety participation [47, 48]. ,e results of data
analysis revealed that miners, managers, and supervisors
have deteriorated and dislocated relationships with each
other, which brings great human risks to sustainable mine
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Figure 2: A subitems radar chart of the same role’s relationship perception with other multiple roles: (a) frontline miners, (b) managers,
(c) supervisors.

Table 5: Paired test analysis of the same role with other multiple roles.

Paired differences
t df Sig. (2-tailed)

Mean SD Std. error mean
95% CID

Lower Upper

F
M-S 0.957 1.398 0.054 0.851 1.064 17.607 660.000 0.000
M-W −1.065 2.093 0.081 −1.225 −0.905 −13.085 660.000 0.000
S-W −2.023 1.967 0.076 −2.173 −1.873 −26.444 660.000 0.000

M
F-S 1.101 1.347 0.086 0.931 1.271 12.766 243.000 0.000
F-W −0.290 1.674 0.107 −0.501 −0.079 −2.704 243.000 0.007
S-W −1.391 1.287 0.082 −1.553 −1.228 −16.873 243.000 0.000

S
M-F −0.794 1.882 0.133 −1.056 −0.531 −5.964 199.000 0.000
M-W −0.853 1.793 0.127 −1.103 −0.603 −6.726 199.000 0.000
F-W −0.059 1.382 0.098 −0.252 0.133 −0.607 199.000 0.545

Note. SD: standard deviation; CID: confidence interval of the difference.
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safety and healthy development. Miners have the lowest
perception of the relationship quality of other groups, while
managers’ perception of the relationship quality of other
groups is the highest. In addition, compared with other
colleagues (i.e., miners, managers, and supervisors), the
relationship quality between colleagues at the same level is
high.

According to the average value of each dimension of
relationship quality, the miners have the weakest relation-
ship perception, and the managers have the strongest re-
lationship perception. Compared with other groups, all
roles’ relationship with coworkers is relatively high. ,is
result confirms our previous view that there exist conflicting
emotional and resource interactions among the miners,
managers, and supervisors. It is also shown that a poor
symbiosis was released from interpersonal interactions be-
tween the organizational roles in the coal mine system.
Similarly, it has been found that all roles have a close re-
lationship with their colleagues, which is consistent with the
result of Han et al. [6]. ,e reason why the quality of re-
lationships between coworkers is high is that they have more
opportunities to get familiar with and support each other in

their work and life. In terms of scatter diagram analysis of
multirole relationship perception, there was an obvious
phenomenon for miners; that is, the concentration of low
scores for relationship quality was obvious with managers
and supervisors. Afterward, the significant existence of these
differences was verified by the paired sample t-test method.
Miners have the lowest relationship with supervisors, fol-
lowed by managers and coworkers. Batt [49] and Lu and Li
[50] indicated that currents rules increased the conflicts
between workers and supervisors, such as check targets and
penalties for violations. Additionally, the organizational
constraints reflect a particular work environment, which
inhibited the individual performance of work tasks [51]. As a
disadvantaged group, miners have long been subjected to
hierarchical gradient culture, unfairness, and hierarchical
barriers. ,eir loyalty and sense of responsibility have been
destroyed. ,us they indirectly disregard the operational
rules [7, 52–54]. Meanwhile, they are responsible for exe-
cuting frontline work and mastering the details and diffi-
culties of underground work. ,eir work was always often
overloaded. However, they do not have enough bargaining
power to assert their rights due to many reasons such as the
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Figure 3: Bilateral analysis of different roles’ relationship quality. Note. R1∼R6 represent, respectively, harmonious degree, extent degree,
density degree, depth degree, intimacy degree, valuable degree, and thickness degree.

Table 6: Dislocation levels analysis of different roles’ relationship quality.

Harmonious
degree (%)

Extent
degree
(%)

Density
degree (%)

Depth
degree
(%)

Intimacy
degree (%)

Valuable
degree (%)

,ickness
degree (%) Mean Dislocation

levels

F&M −23.1 −32.0 −12.4 −11.7 −17.3 −8.0 −9.4 −15.83 II
F&S −22.7 −25.5 −27.7 −9.1 −17.6 −9.0 −16.2 −17.78 II
S&M −21.5 −16.6 −15.6 −16.4 −12.9 −10.6 −5.1 −18.89 II
Mean −22.4 −24.7 −18.6 −12.4 −15.9 −9.2 −10.2 −13.75 II
Dislocation
levels III III II II II I II II II
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migrants’ identity, low qualifications, and fewer feedback
channels. Often, the policies issued by managers can only be
implemented mechanically, and sometimes the policies were
outdated [1]. In addition, the internal reasons of employees
also affect the relationship. Robert and Vandenberghe [55]
proposed the concepts of internal work control locus, which
means a sense of control over the work environment. ,ey
indicated that workers’ influence of internal work control
locus could primarily impact their contribution and loyalty
in organizational interaction. Internal work control locus
also works for LMX since it was as one kind of organizational
interaction performance. Based on this, frontline miners
seriously lack the internal work locus of control since many
coal miners are still relocated and were sacked in the present
de-capacity period of coal.

Previous studies primarily focused on miners but ig-
nored the managers and supervisors, leading to a lack of
studies on the quality of bilateral multirole relationships
[40]. In fact, managers’ or supervisors’ perceptions could
change the miners’ perception to some extent. Schopf et al.
pointed out a significant negative association between the
trustworthiness of supervisors and employees’ safety be-
haviors [56]. For the managers, the relationship perception
for colleagues is the highest, and the relationship perception
for miners is higher than that of the supervisors. Managers
often show the image of a positive status and commander in
the work management. ,ey tend to be concerned about
things from a long-term optimistic view, which easily leads
to an overperception of their relationship with other roles.
For the supervisors, the relationship perception for miners is
higher than that of the managers. ,ese results indicate an
exciting phenomenon; that is, the relationship between
supervisors and miners was always focused on. However, the
relationship between supervisors and managers is worse.
,ere are fewer studies that prove this, but the reason could
be that managers operate the contradiction between su-
pervisors and miners through unreasonable regulatory in-
dicators and rules, in addition to the absence of invalid
feedback and enough trust, which was found in the field
survey process.

,e dislocation data shows that dual-core character-
istics of the main contradiction exactly existed in coal mine
organizations, that is, “miners-supervisors” and “super-
visors-manager” dislocation contradiction. More studies
verified the contradiction between the miners and su-
pervisors [19, 48], ignoring the latter contradiction. It also
was found that there are larger dislocations in terms of the
extent degree, harmonious degree, and density degree.
,ese arguments indirectly reflect on the studies of a
harmonious workplace or the social network of employees.
Few studies fully discuss this in terms of mine manage-
ment [57, 58]. Song and Meier found that the self-eval-
uations of managers do not often match the evaluation
results from employees, which seriously affects the job
satisfaction of employees [59]. Interestingly, this phe-
nomenon is actually happening in coal mining enterprises.
,e people in high positions are overconfident about the
perception of relationships. For example, managers are
positive side, and miners/supervisors are negative side in

their relationship; supervisors are positive side, and miners
are negative side in their relationship, which provides a
new direction for improving the cognition of the actual
work environment.

In addition, it was found that the overall average of
valuable, harmonious, and extent degree is relatively lowest.
,is indirectly proves that communication or contact fre-
quency is not enough either in work or in life, and amutually
beneficial relationship is not formed. ,e valuable degree is
relatively weak for colleagues, and harmonious and extent
degree are relatively weak for other roles. ,e manager’s
perception of value is relatively weak compared to the other
two roles, which indicated that other roles’ value contri-
bution is weakened. Although there are few directly related
studies for various relational degrees, they provide a di-
rectional guide for improving relationship quality in the
future.

6. Conclusion

By investigating the relationship quality of the frontline
miners, supervisors, and managers in coal mine organiza-
tions, this study discovered that the average relationship
quality of each entity is between 5.831 and 6.456, which is
not optimistic. At the same time, the study revealed that the
deteriorated and dislocated relationships between multiple
roles were obvious. ,e main findings are as follows:

(i) Multiple roles have the highest relationship quality
with their coworkers. ,e average value of the re-
lationship quality is between 6.301 and 6.730.

(ii) ,ere are noticeable differences between the same
role and other multiple roles in the deteriorated
relationship. ,ese differences are manifested in
terms of average, proportion of three levels of de-
teriorated relationship, and scattered points.

(1) First of all, from the mean value of relationship
quality, it can be known that the relationship per-
ception of the miners is the highest, and the rela-
tionship perception of the managers is the lowest. ,e
significant existence of these differences is verified by
the paired sample t-test method. For miners, the
relationship quality order was presented as follows:
supervisors<managers<workers. For managers, the
relationship quality order was presented as follows:
supervisors<miners< coworkers. For supervisors,
the relationship quality order was presented as fol-
lows: managers<miners< coworkers.

(2) ,e proportions of dislocated relationships for
miners and supervisors are relatively high. ,e
dislocated relation rate of miners averagely reaches
19.67%, and that of supervisors averagely reaches
17.63%. Specifically, the dislocated relation rate of
miners with regard to managers and supervisors,
respectively, reached 23.75% and 27.38%.

(3) ,e points of the multirole relationship perception
were differently distributed in the three-dimensional
map. Significantly, the concentration of low scores
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for frontline miners is apparent for relationship
quality with managers and supervisors.

(4) ,e people in high positions easily have a phe-
nomenon of overestimated confidence in the per-
ception of relationships. In addition, the “miners-
supervisors” and “supervisors-manager” dual-core
contradiction have obviously been emerging.

(5) Overall, the particle items of relationship degree, i.e.,
valuable, harmonious, and extent degree, are rela-
tively lowest. ,e valuable degree is relatively weak
for colleagues, and harmonious and extent degrees
are relatively weak for other roles.

,e above results examine the hidden human risks from
the organizational micro perspective in the process of
sustainable development of coal mine safety and health. ,is
study verified the deteriorated relationship and dislocated
relationship in the organizational interaction, which solves
the shortcomings of a single perspective in the human
studies in coal mine management. ,e study provides a
direction for multirole management for sustainable coal
mine development. However, this research also has the
following shortcomings: Firstly, this research is a case study
based on coal mining enterprises, only representative coal
companies from different regions were randomly selected,
and it was quite hard to gain more extensive coal data due to
the limits of remote regions and economic cost. Secondly,
the analysis method is relatively simple. ,is study reveals
the situation of organizational relations and hidden char-
acteristics through the intuitive analysis and difference
analysis of the case data. In the future, the relation evolution
should be concerned with a dynamic perspective to reveal
the relational improvement and safety and health outcomes
by solving the deteriorated relationship and dislocated
relationship.
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