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Article History:  Abstract. Aviation safety problems lead to casualties and property damage, with unsafe behaviors of avia-
tion maintenance personnel being a critical factor. This study firstly constructed a four-stage cognitive model 
(information acquisition, information processing, response selection, and action execution) to build a cogni-
tive model about unsafe behaviors. In the first two stages, an information processing model was established 
to analyze personnel cognitions, while in the latter two stages, the Theory of Planned Behavior (TPB) was 
used to explain operational decision-making. Subsequently, an Agent-Based Modeling (ABM) framework was 
developed to simulate multiagent interactions in aviation maintenance environments. By synthesizing safety 
responsibilities across managerial hierarchies, interaction rules between operators and managers were formal-
ized, which was rigorously described by ODD (Overview, Design concepts, Details) protocol to ensure clar-
ity and generalizability. Finally, the ABM was visualized on NetLogo platform and validated through a case 
study of a maintenance operation. Then simulation analysis of different intervention strategies was conducted 
to quantify the efficacy in reducing non-compliant operations, providing actionable recommendations. This 
study innovatively integrated perspectives from social psychology and cognitive psychology to investigate the 
cognitive model of unsafe behaviors among aviation maintenance personnel. The findings provided a founda-
tional reference for developing safety management strategies in aviation maintenance.
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1.	Introduction 

Unsafe behaviors of aircraft maintenance personnel cause 
between 20% and 30% of inflight shutdowns, over 50% 
of flight delays, and over 50% of flight cancellations in 
the world (Li et al., 2023). Common risky conducts include 
improper installation of parts, inadequate inspection/test-
ing/fault isolation, damage to aircraft equipment, and 
omissions in work. Compared with other industries, non-
compliant acts in aircraft maintenance are characterized by 
collectivity, reversibility, and severe consequences (Tyagi 
et al., 2023). 

Scholars have investigated unsafe behaviors among 
aircraft maintenance personnel from various perspec-
tives. From a managerial standpoint, understanding the 
antecedents of safety behaviors is of great importance for 
safety improvement (Aktas & Kagnicioglu, 2023). Safety 
culture is recognized as a prominent factor for safety as it 
influences safety behaviors in the literature (Ni et al., 2023). 
On the other hand, safety climate, which reflects a tem-
poral aspect of the safety culture at a certain period, has 

been linked to the safety performance of organizations in 
many studies (Maneechaeye & Potipiroon, 2022; Mezent-
seva et al., 2023; Peker et al., 2022). Likewise, research over 
the last decade indicated that safety leadership influences 
safety behaviors and safety outcomes (Hong et al., 2023; 
Yi et al., 2025).

In terms of individual behavior, Jiang et al. (2021) em-
phasized the importance of management attitudes and 
group norms in predicting aviation based on the Theory of 
Planned Behavior (TPB). Chen et al. (2016) constructed an 
intervention model for unsafe behaviors of maintenance 
personnel using system dynamics methods, and dynam-
ic simulation tests showed that appropriately increasing 
special investments in operational environment safety 
and punishment intensity effectively intervenes in unsafe 
behaviors of aircraft maintenance personnel. Fogarty and 
Shaw (2010) found that individual characteristics such as 
safety attitudes, safety awareness, and safety knowledge 
all influence the safety conscious practices of civil aviation 
maintenance personnel. Wang and Hou (2015) studied the 
impact of various resource management factors on risky 
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operations of maintenance personnel from the perspective 
of maintenance resource management.

Unsafe human acts are one of the direct causes of acci-
dents (Fu et al., 2017). Reducing and controlling unsafe be-
haviors by aircraft maintenance personnel and improving 
human reliability in the maintenance system are important 
ways to enhance civil aviation safety levels. However, cur-
rent scholars at home and abroad mostly focus on indi-
vidual unsafe behaviors of aircraft maintenance personnel, 
ignoring the issue of unsafe behavior transmission within 
groups. Human acts and diseases share certain similari-
ties, with both having susceptibility and infectivity (Han 
et al., 2025; Huang & Cui, 2019; Sun & Tong, 2025). Since 
aircraft maintenance activities are basically carried out in 
crew teams, this team-based operation provides condi-
tions for the spread of unsafe behaviors.

However, when controlling unsafe actions of aircraft 
maintenance personnel, managers often adopt interven-
tion strategies that address symptoms rather than root 
causes, ignoring the dynamic evolution mechanism be-
hind such behaviors (Aktas & Kagnicioglu, 2023). There-
fore, from the perspective of cognitive theory and taking 
groups of aircraft maintenance personnel as the object 
of research, this paper used complex system simulation 
methods to explore the influencing factors and action 
mechanisms of unsafe behaviors, in order to formulate 
appropriate intervention strategies and effectively reduce 
unsafe behaviors of maintenance personnel.

2.	Method 

2.1. Conceptual model of cognitive 
mechanism of unsafe behavior
The theoretical foundations for researching unsafe acts in-
clude the TPB (Anebagilu et al., 2021), Behavioral Cognitive 
Theory (Ni et al., 2024), Accident Causation Theory (Guo 
et al., 2021; Li et al., 2024b), Behavior Based Safety (BBS) 
Theory (Zhang et al., 2023). These theories explore the in-
ternal mechanisms of unsafe behaviors from the perspec-
tives of psychology, behavioral science, or organizational 
management. Many scholars argue that the cognitive pro-
cesses underlying unsafe conducts explain their internal 

mechanisms, positing that unsafe behaviors stem primarily 
from failures in cognitive processes (Akdeniz et al., 2025; 
Deng et  al., 2022a; Xiao et  al., 2023; Zhao et  al., 2024). 
Therefore, personnel cognition has the greatest impact 
on safety performance. Meanwhile, cognitive models have 
been widely used by scholars to model unsafe practices 
of workers in various industries (Wu et al., 2024; Yin et al., 
2020). Therefore, this study will adopt a cognitive model to 
investigate the formation mechanism of unsafe behaviors 
among aircraft maintenance personnel.

Many studies have divided cognitive processes into 
multiple stages for research (Jin et al., 2025; Li et al., 2025; 
Liang et al., 2025; Yang et al., 2024). A general cognitive 
model applicable to unsafe behaviors of frontline work-
ers was proposed (Deng et al., 2022b), as Figure 1 shows, 
which includes four stages: information acquisition, in-
formation processing, response selection, and action im-
plementation. Therefore, this study adopts a four-stage 
cognitive model to analyze unsafe behaviors of aircraft 
maintenance personnel.

Information Acquisition is the first stage, where aircraft 
maintenance personnel search for potential hazard infor-
mation in the external environment through experience 
and knowledge stored in their memory (Fang et al., 2016). 
Maintenance personnel actively scan their work environ-
ment for potential dangers. Those with a strong sense of 
safety prioritize safety and consciously search for potential 
hazards during their work. In contrast, those lacking safety 
awareness trust their memory and experience, failing to 
check for potential dangers in their tasks. Maintenance 
personnel proceed to the next stage only if they success-
fully identify potential hazards.

Once maintenance personnel successfully identify po-
tential hazard information, the cognitive process advances 
to the second stage: information processing (Huang & Cui, 
2019). In this stage, potential hazard information is trans-
formed into problems and subproblems. Maintenance 
personnel search their memory for relevant experience or 
knowledge based on the principles of “similarity matching” 
and “frequency heuristics” to conduct simple judgments 
and reasoning. The main tasks of this stage include as-
sessing the level of danger and determining appropriate 
response strategies. Sufficient safety knowledge is critical 
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Response Selection

Action Implementation

Search for potential risks in considered work environment.

Distinguish the degree of danger of the information and consider how to handle it.

Workers know the right way to do it, while they may choose unsafe behavior.

After a security method has been selected, whether the execution is successfully carried out.

Cognitive stage Content Description

Stage 1 

Stage 2 

Stage 3 
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Figure 1. Behavioral cognitive model and content description of each stage
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here – if maintenance personnel lack adequate knowledge, 
they may fail to fully understand risks, underestimate safe-
ty hazards, or even ignore potential dangers and directly 
engage in non-compliant operations.

In the third stage, maintenance personnel already know 
the correct way to address potential hazards, but whether 
they finally choose the safe response remains uncertain 
(Deng et al., 2022b). This is because their decisions are in-
fluenced by various factors. For example, they may opt for 
risky conducts due to reasons such as seeking comfort, de-
siring peer approval, difficulty accessing safety equipment, 
or pressure from managers to prioritize efficiency. Notably, 
since maintenance personnel are aware of the correct re-
sponse at this stage, their conduct reflects rational.

If maintenance personnel choose unsafe behaviors 
in the response selection stage, the cognitive process 
is deemed a failure (Deng et  al., 2022a). If they choose 
safe behaviors, they advance to the action implementa-
tion stage, where even successful decisions result in un-
safe outcomes due to execution failures. Most failures in 
this stage stem from individual skill limitations, preventing 
maintenance personnel from effectively translating inten-
tions into practical actions.

2.2. Multi-agent interaction model for unsafe 
behaviors of aviation maintenance personnel
This study collected the organizational structure of a cer-
tain civil aviation company and screened out the main re-
sponsibilities. The managers related to the safety of the 
front line of aviation maintenance include senior manag-
ers, crew leaders, and safety officers. The corresponding 
safety responsibilities in the main duties of the abovemen-
tioned managers are different, and their influences on the 
maintenance personnel are also different.

This paper will use the “ODD (Overview, Design con-
cepts, Details) Protocol” to describe the model details, 
which is a general format and standardized structure for 
describing Agent-Based Modeling (ABM) models. ODD 
helped to systematically scan the original model descrip-
tion, while NetLogo proved easy and quick to learn, but 
difficult to debug when implementation problems arose 
(Grimm et al., 2025). The ODD Protocol has been applied 
to ABM models in multiple fields such as behavioral sci-
ence (Racca et  al., 2022), social science (Cabuya-Padilla 
et al., 2025), and epidemiology (Innocenti et al., 2021).

The model contains four types of subjects, namely, 
maintenance personnel subject, safety officer subject, 
senior management subject, and onsite management 
subject (Wu et al., 2010). As Figure 2 shows, except for 
the main body of maintenance personnel, the other three 
types of entities correspond to different levels of manag-
ers and choose their main work behaviors for interaction, 
forming a closed loop. Senior managers issue relevant 
safety guidance and control instructions to middle level 
managers (safety managers and onsite managers) based 
on the safety performance of maintenance personnel at 
the maintenance site; The safety manager receives safety 
control instructions, interacts with the maintenance per-
sonnel through safety training and inspections, and im-
proves the working conditions at the maintenance site; 
After receiving the safety instructions, the site manager 
adjusts the behavior feedback and demonstration to re-
duce the unsafe actions of the maintenance personnel; 
If senior managers attach great importance to the safety 
management of maintenance sites, they will participate 
in some safety activities to demonstrate their level of im-
portance for safety. The above multiparty acts form an 
interactive closed loop.

Safety officers Senior management On-site management

Aviation maintenance Personnal

Colleague

Aviation maintenance field 
environment

Security checks Security controls Safety guidance

Safety training Behavioural feedback

Safety activities
Safety performance

Influence each other

 

Figure 2. The relationship between maintenance personnel and managers at all levels
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2.3. Variables of the agents and their 
definitions
The maintenance personnel are the origin of the accident 
cause, and their unsafe behavior is the result of cognitive 
failure, as well as the final output of the model (Hobbs & 
Williamson, 2002). Referring to the cognitive conceptual 
model of maintenance personnel and the multiagent in-
teraction model mentioned earlier, the variables related to 
unsafe behaviors of maintenance personnel are defined as 
shown in Table 1.

The interaction between safety officers and mainte-
nance personnel involves safety inspections, safety train-
ing, and safety accident statistics (Wachter & Yorio, 2014). 
In safety inspections, the responsibility of safety officers 
is to identify and eliminate unsafe physical conditions on 
site and correct unsafe behaviors of workers. The effective-
ness of this depends on the scope of the inspection and 
the safety officer’s safety inspection capabilities. The main 
variables of safety officers are shown in Table 2.

Table 1. Variables of maintenance personnel and their definitions

Variable Definition

SAW Safety awareness of maintenance personnel. 0 means no security awareness, and 1 means security awareness is fully 
present.

SAT Safety attitude of maintenance personnel. 0 means a lack of attitude towards safety, and 1 means an excellent attitude 
towards safety.

SK Safety knowledge of maintenance personnel. 0 means no security knowledge, and 1 means security knowledge is fully 
present.

SN Subjective norms of maintenance personnel. 0 means the external influence is felt poorly, and 1 means the external 
influence is felt well.

FN Onsite management norms for maintenance personnel. It means the importance that onsite managers place on site 
safety.

WN Worker norms for maintenance personnel. It means the importance that workers place on site safety.
w Social identity. The degree of recognition of the project. 0 means no impact, and 1 means full approval.
P Risk understanding factor. Greater than 1 indicates overestimation, and less than 1 indicates underestimation.

PBC Behavioral control perception. 0 means no control behavior is perceived, and 1 means control behavior is completely 
perceived.

FR Whether potential risk information is found. It is a binary variable, 1 is discovered, 0 is not discovered.
CB Whether unsafe behavior is chosen. Binary variables, 1 is a choice, 0 is not a choice.
FA Fatigue degree. 0 means no fatigue, 1 means very tired.
UB Whether unsafe behavior has been done. Binary variables, 1 means an unsafe behavior, 0 means a safe behavior.

ACC Whether a safety accident has been caused. Binary variables, 1 means an accident, 0 means an accident has not occurred.
STSA Impact of safety training on the safety awareness of maintenance personnel.
STSK Impact of safety training on the safety knowledge of maintenance personnel.

ACCSAT Impact of accidents on the safety attitude of maintenance personnel.
CWWN Impact of the behavior of other maintenance personnel on the norms of colleagues of maintenance personnel.
RMFN Impact of onsite management’s feedback on the leadership norms of maintenance personnel.
BFFN Impact of the behavior of the onsite manager on the leadership norms of maintenance personnel.
a1 Impact coefficient of safety attitude on the risk acceptance of maintenance personnel.
a2 Impact coefficient of subjective norms on the risk acceptance of maintenance personnel.
a3 Impact coefficient of action control perception on the risk acceptance of maintenance personnel.

Table 2. Variables of safety officers and their definitions

Variable Definition

SI Scope of security checks.
CSI Strength of security checks. The ability of the safety officer to rectify potential safety hazards in the safety inspection. 

SGCSI Impact of the guidance and control of senior managers on the inspection strength of safety managers.
SGSI Impact of the guidance and control of senior managers on the scope of the safety manager’s inspection.
STR Frequency of safety training. N indicates that security training is held at an interval of N days.
NA Number of unsafe behaviors per day.
ACC Number of accidents per day.
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The onsite management includes the unit leaders, 
whose main behaviors are behavior feedback and role 
model demonstration (Chen et al., 2020). One is behavio-
ral feedback, such as praising maintenance personnel for 
safe behavior and correcting and criticizing maintenance 
personnel for unsafe behavior. Secondly, it serves as a role 
model and demonstration. When onsite managers and 
maintenance personnel work together, maintenance per-
sonnel will decide their own behavior based on whether 
their leaders are implementing all safety requirements. The 
variables of the onsite management are shown in Table 3.

If senior management participates in safety activities, 
such as safety training, the effectiveness of the activities will 
be enhanced (Alavosius et al., 2017). Therefore, the model 
introduces the variable of Senior Management Participation 
(PSM) to represent the probability of senior management 
participating in each safety training (Anderson et al., 2021). 
Senior managers check safety performance every day, and 
if the safety target SG is exceeded, safety officers and onsite 
managers will strengthen safety control measures; If the 
safety target SG is not achieved for three consecutive days, 
the safety officer and onsite manager will relax, and the 
safety control measures will gradually weaken.

Each patch in NetLogo has attributes to represent the 
workplace of the maintenance personnel. In this model-
ling, it is the apron, as shown in Table 4.

This model simulates the cognitive process of main-
tenance personnel during work, as well as the interaction 
between maintenance personnel, colleagues, and managers 
at all levels, with a daily time step. When the model is initial-
ized, the main tasks include: 

1.	designing the site distribution of the model based 
on the maintenance site layout of the project; 

2.	Create four main entities based on the personnel 
organizational structure in the project: maintenance 
personnel, onsite managers, safety officers, and sen-
ior managers, and create and store the initial values 
of variables for each entity; 

3.	Allocate the activity venues of each subject in the 
model based on the unit situation and positions in 
the project, to reflect the process oriented mainte-
nance site.

The interaction rules between workers and others 
mainly includes: accident consequences, safety train-
ing, safety inspections, the influence of fellow workers’ 
behaviors, fellow workers’ behavior inspections, feedback 
and demonstration from onsite managers, guidance and 
control from senior managers, and participation of senior 

Table 3. Variables of onsite management and their 
definitions

Variable Definition

RM Role model. The probability of unsafe behavior by 
site managers.

BF Behavioral feedback. Varies between –1 and 1. 
SGLE The influence of the guidance and control of top 

managers on the role models of field managers.
SGBF The impact of the guidance and control of senior 

management on the behavioral feedback of field 
managers.

Table 4. Variables of site environment and their definitions

Variable Definition

AR The actual size of the risk. It means degree of the 
potential risk in the work task and the distribution 
level of the potential risk on site, with values 
ranging from 0 to 1.

ER The exposure of the risk. It means the possibility 
that the maintenance personnel in an unsafe 
state, with a value between 0.0005 and 0.02.

SF Safety facilities. It refers to the availability of safety 
equipment and facilities in the work scenario. n% 
of security facilities are available.

Location Floor plan. According to the layout of the 
maintenance site, the site division of the 
maintenance and the allocation of the working 
area of the maintenance personnel.
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Figure 3. Operation process of the maintenance personnel
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managers in safety activities (Wu et al., 2010). The above 
interaction behaviors depend on whether the correspond-
ing conditions meet the requirements. When the time run 
reaches the project duration, the model stops running and 
outputs the required safety performance data for easy sta-
tistics. Figure 3 shows the process of the maintenance per-
sonnel in the model.

2.4. Behavioral cognitive sub-model for 
maintenance personnel
The behavioral cognitive sub model of maintenance per-
sonnel is divided into four stages: obtaining information, 
thinking about information, choosing responses, and tak-
ing actions. The logical process of its impact on unsafe 
behavior is shown in Figure 4.

The main cognitive influencing factor for maintenance 
personnel in the information acquisition stage is safety 
awareness. Because in maintenance sites, maintenance per-
sonnel detect potential safety risks through their sensory 
organs. The higher the safety awareness, the greater the 
probability of maintenance personnel discovering potential 
safety risks (Campolettano et al., 2017). After discovering 
potential hazardous information, maintenance personnel 
perceive the risk from the actual safety risk level in the ex-
ternal environment and the information stock in temporary 
memory and knowledge base (Huang et al., 2019). In the 
response selection phase, maintenance personnel compare 
the perceived risk level with their own risk acceptance level 
to make decisions on operations. When the risk understood 
by the maintenance personnel is higher than the risk ac-
ceptance level, he/she chooses safe behavior. When the risk 
understood by the maintenance personnel is lower than the 
risk acceptance level, he/she will choose unsafe practices. 
The risk acceptance level of maintenance personnel is in-
fluenced by their own safety attitude, subjective norms, and 
perceived action control, based on the analysis of TPB (Li 
et  al., 2024a). After choosing safe behavior, maintenance 
personnel may make mistakes in their actions due to their 
perception of motion control, resulting in unsafe behavior. 
The detailed mathematical formulations of each cognitive 
stage, including the equations for information acquisition, 
processing, response selection, and action implementation, 
are provided in Appendix A.

2.5. Aircraft maintenance personnel social 
cognition framework
There are currently two types of models regarding workers’ 
unsafe behavior: one is Fang’s cognitive model (Fang et al., 
2016), which considers the influencing factors of workers’ 
various cognitive stages and determines whether workers 
ultimately adopt unsafe behavior based on the probability 
of influencing factors. This model is comprehensive, and in-
cludes human errors and violations, but it does not consider 
workers’ psychological factors; The second is Choi’s risk per-
ception model (Choi & Lee, 2018), in which workers compare 
their own risk acceptance level with the size of the risk to 
determine whether to adopt unsafe behavior. This subjec-
tive judgment includes manager norms and worker norms 
and fully reflects the psychological activities of workers when 
facing unsafe scenarios. However, this model does not fully 
consider workers’ unsafe behavior and ignores whether 
workers detect potential safety risks in the work scenario 
and the influence of their own conditions and external envi-
ronment on the behavior of maintenance personnel.

Therefore, by combining the advantages and disadvan-
tages of these two models, a cognitive model of unsafe 
behavior among maintenance personnel that integrates 
about risk will be constructed. Therefore, the design con-
cept mainly consists of the following two points: firstly, us-
ing a cognitive model as a framework, incorporating risk 
understanding, risk perception, risk acceptance level, and 
social identity in the selection response stage, and provid-
ing a detailed description of the psychological process of 
maintenance personnel. The second is the theory of so-
cial identity and social norms in social science theory. The 
definition of social identity theory is to strongly identify 
with a group and internalize and abide by group norms. 
The group norms of maintenance personnel include those 
of managers and colleagues. Therefore, in the model, the 
subjective norms of maintenance personnel are refined into 
manager norms and worker norms using social identity 
theory. In the front-line field, the subjective norms of work-
ers are influenced by senior managers, safety managers, 
on-site managers, and workers. The most direct contacts 
with workers are colleagues and team leaders. The subjec-
tive norms in this article consider the norms of colleagues 
and on-site managers and express the different degrees of 

Information Acquisition Information Processing Response Selection Action Implementation

Unsafe Behavior

Safe 

Behavior
Found
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Risk
Risk Perception Risk Understand
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Figure 4. The sub-model of cognition for maintenance personnel
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recognition of the two norms by maintenance personnel. 
The higher the social recognition, the more workers care 
about the opinions of managers and have a higher degree 
of recognition of their norms; The lower the social identity, 
the more workers care about their colleagues’ opinions and 
have a higher degree of recognition of their norms.

As is shown in Figure 5, the interactive behaviors con-
sidered in this model include management factors, social 
organization factors, self factors, and environmental factors.

Management factors mainly include: (1) safety inspec-
tions to eliminate unsafe conditions; (2) Safety training 
affects the safety awareness and knowledge of mainte-
nance personnel; (3) Safety guidance and control affect 
the management strategies of safety managers and on-
site managers for maintenance personnel; (4) The team 
leader provided feedback to improve the safety attitude 
of the maintenance personnel.

Social organizational factors mainly include two types: 
(1) the behavior of colleagues, which affects the colleague 
norms of maintenance personnel; (2) The behavior of man-
agers affects the management norms of maintenance per-
sonnel. The maintenance personnel observe the behavior 
of their colleagues and on-site managers to understand 
the current level of safety awareness and risk tolerance 
among the group in the project.

The main self-factors include: (1) self-accidents, and 
maintenance personnel adjust their safety attitude based 
on their behavior results. If maintenance personnel have 
accidents after unsafe behavior, they will be more con-
servative; (2) Fatigue level affects the perception of action 
control among maintenance personnel. 

The environmental impact factors mainly refer to the 
external environment and working conditions of the main-
tenance personnel. The complete set of interaction rules 
among agents – including safety training, inspections, peer 
influence, managerial feedback, and senior management 
guidance – is defined in Appendix B.

3.	Simulation analysis 

3.1. Selection of simulation platform
In 1999, Uri Wilensky proposed the simulation platform 
NetLogo. It is a high-level simulation platform that uses 
Logo programming language and is easy to operate and 
learn, allowing for exploratory research on models (Chiac-
chio et  al., 2014; Li, 2020). The multiagent interaction 
theory model for unsafe behavior of maintenance person-
nel proposed in this study, NetLogo meets its complexity, 
interactivity, dynamism, and closure. Therefore, NetLogo is 
used for multiagent ABM modelling.

3.2. Simulation model of unsafe behavior of 
aviation maintenance personnel
3.2.1. Development of the model

This study takes a simulated aviation maintenance sce-
nario at the maintenance site of a medium-sized Chinese 
airline located at a medium-sized airport as an example. 
The airline operates 5  main parking bays at the airport 
and has an organizational structure of 74  maintenance 
personnel, including 10  managers. Based on actual ob-
servation data from February to May 2025, the number of 
frontline operators at the maintenance site during working 
hours typically ranges from 10 to 45. Managers usually are 
on duty in the office and provide on-site guidance when 
needed. Therefore, considering the scenario where most 
maintenance personnel are on duty, the simulation is set 
to include 40  maintenance staff and 6  managers at the 
maintenance site-comprising 2 senior managers, 2 safety 
officers, and 2 on-site supervisors, with a simulation dura-
tion of 100 days.

To ensure the accuracy of the number of personnel in 
the model, the following verification work was conducted. 
First, through on-site investigations and industry practices, 
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Figure 5. Aircraft maintenance personnel social cognition framework
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4 airlines were was surveyed. Overall, the number of main-
tenance personnel an airline deploys at a specific airport 
is not fixed. For instance, large airlines have hundreds of 
aircraft at their hub bases and over 1,000  maintenance 
personnel; medium-sized airlines have around 100 main-
tenance personnel at key airports; and at transit stations, 
airlines only assign fewer than 30 maintenance personnel. 
In addition, maintenance personnel often work in shifts 
to ensure 24/7 coverage. The proportion of management 
personnel (including frontline team leaders, middle man-
agement, and senior management) among all maintenance 
staff typically ranges from 10% to 20%, with a common 
reference value deemed efficient by many companies be-
ing approximately 15%. Furthermore, these numbers and 
proportions are comparable to the parameter settings 
adopted in widely cited simulation studies on similar un-
safe behaviors. For example, Zhang et al. (2025) selected 
28 to 56 workers and a total of 6 managers in their con-
struction industry model. Therefore, the selection of the 
above data effectively represents typical aviation main-
tenance scenarios to a certain extent, making the model 
more reflective of the situation of most airlines. Running 
interface in NetLogo is shown in Figure 6.

In order to ensure the reliability of the model, in the 
ABM simulation model, the management parameters di-
rectly measured are obtained from the actual project, while 
other cognitive parameters that are difficult to measure, 
such as safety attitude, subjective norms and other cog-
nitive parameters, generally use hypothetical values, and 
carry out sensitivity analysis on these parameters to make 
up for their uncertainty (Yin et al., 2020). For the cognitive 
parameters that are difficult to measure, the normal dis-
tribution is mainly used for random selection (Bruch & At-
well, 2015). The first, when the distribution of parameters 
is unknown, the use of normal distribution is the most 
appropriate method, which fully reflects the individual dif-
ferences. Secondly, the mean value of normal distribution 
can reflect the macro tendency of the population. 

The default values of the safety attitude SAT of the 
maintenance personnel, the behavioral feedback BF of 
the team leaders, and the exemplary demonstration LE 
all follow a normal distribution (with a mean of 0.6 and 

a standard deviation of 0.1). The default values of safety 
awareness SA and safety knowledge also follow a normal 
distribution (with a mean of 0.8 and a standard deviation 
of 0.1). A mean of 0.8 indicates that the overall safety 
awareness of aviation maintenance personnel is relatively 
high and their safety knowledge is relatively complete.

The management norms for maintenance personnel 
follow a normal distribution (with a mean of 0.6  and a 
standard deviation of 0.1), and the norms for workers 
also follow a normal distribution (with a mean of 0.4 and 
a standard deviation of 0.1), indicating that in work sites, 
managers pay more attention to safety issues and have 
a lower acceptance of risks than workers.

The initial value of the risk understanding coefficient 
of maintenance personnel follows a normal distribution 
between 0.6 and 1.2, with an average value less than 1.0, 
to reflect the tendency of aviation maintenance person-
nel to underestimate perceived risks. The minimum value 
of 0.6 and the maximum value of 1.2 are derived based 
on the research conclusions of Choi (Choi & Lee, 2018) 
and Shin (Shin & Bithell, 2022). Taking the risk perception 
awareness (γ) as 0.5 indicates that workers refer to half of 
their experience and the other half to the obtained work 
information. Finally, the initial value of social identity fol-
lows a normal distribution (mean 0.5, standard deviation 
0.1) to reflect the differences among workers.

In the NetLogo model, 1m2 in the real world scene is 
set to 4 pixels, and in NetLogo, the job site is set to 1000 
pixels * 200 pixels. Different sites have different project 
attributes, characteristics and risk sizes. Choi divides the 
sites into three categories according to the actual risk 
size: low risk 0.2, medium risk 0.5 and high risk 0.8 (Choi 
& Lee, 2018). The initial value of the actual safety risk is 
set to medium risk in this study, and the normal distri-
bution is obeyed between 0 and 1 (mean 0.5, standard 
deviation 0.1).

The initial value of the safety training frequency is set 
to once a week, that is, once every 7 days. The initial value 
of the security inspection range is set to 25 meters around 
the safety officer. The initial value of the safety inspection 
intensity is set to 50%, meaning that the safety officer has 
a 50% chance of correcting the unsafe actions of workers 

Figure 6. NetLogo simulation interface
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and team leaders within the scope of the safety inspec-
tion, whilst also eliminating unsafe physical states in the 
surrounding environment, which reduces the exposure of 
hazards in the environment to 0. The initial probability of 
senior managers participating in safety activities is set at 
50%, giving senior managers half the probability of partici-
pating in safety training activities with workers. Simultane-
ously, senior managers have specific safety goals for the 
unsafe actions recorded by safety officers each day, with 
the initial value set to 20 unsafe behaviors, indicating that 
if the number of unsafe behaviors exceeds 20 per day, 
the project manager will provide safety control and safety 
guidance to middle managers (safety officers and team 
leaders) to strengthen safety management. The degree of 
influence of worker cognitive parameters is set to 1 unit, 
such as STSA, etc. The learning ability of safety officers and 
team leaders is relatively high, and the degree of influence 
of safety control and guidance of the project manager is 
relatively strong, with SGSI and other units set as 2 units.

The initial values for the model are shown in Table 5. 
In the benchmark model, all variables are simulated ac-
cording to the initial values to reflect the cognitive pro-
cess of unsafe behavior of maintenance personnel. At the 

same time, when studying the influence of different so-
cial organizations and management factors on the unsafe 
behavior of maintenance personnel, the default value of 
social organization parameters are changed to represent 
different management strategies.

3.2.2. Validation of the model

The most general classification scheme for ABM accord-
ing to their level of empirical validity has been proposed 
by Barde and Hoog and consists of four levels (Barde & 
Hoog, 2017). 

Level 0: the model is a caricature of reality, as estab-
lished through the use of simple graphical devices (e.g., 
allowing visualization of agent motions). 

Level 1: the model is in qualitative agreement with em-
pirical macrostructures, as established by plotting, e.g., the 
distributional properties of agent population. This is the 
easiest way to matching stylized facts.

Level 2: the model produces quantitative agreement 
with empirical macrostructures, as established through on-
board statistical estimation routines. 

Level 3: the model exhibits quantitative agreement 
with empirical microstructures, as determined from cross-
sectional and longitudinal analysis of the agent popula-
tion.

Among them, the macro aspect refers to group behav-
iors such as the overall unsafe behavior rate of maintenance 
personnel, while the micro aspect refers to individual be-
haviors such as the operational decisions of a single main-
tenance worker in specific maintenance scenarios. Barde 
and Hoog argues that the purpose of using an ABM is to 
provide substantial support for formulating management 
strategies to address phenomena in management (Barde 
& Hoog, 2017). In other words, the model is application-
oriented rather than theory-oriented. When the modeling 
goal is application-oriented, the replication validity of the 
model must reach Level 2 or above. However, in Level 3, 
it is impractical to obtain all valid data on maintenance 
personnel’s unsafe behaviors. Aviation maintenance sites 
typically cover multiple areas such as hangars, runways, 
and maintenance workshops, with a wide and scattered 
operation scope. Meanwhile, aircraft maintenance involves 
complex scenarios such as emergency tasks and nighttime 
troubleshooting. Unsafe behaviors are easily affected by 
random factors such as work pressure and fatigue, lead-
ing to temporal and spatial limitations in capturing micro-
behavioral data. It is difficult for the model to accurately 
replicate the specific behaviors of individuals at the indi-
vidual level. Therefore, this study will conduct Level 2 rep-
lication validity verification on the constructed ABM. The 
core logic is to conduct multi-dimensional comparisons 
between the model’s output results and existing empiri-
cal research conclusions as well as civil aviation industry 
safety statistics, ensuring that the model is consistent with 
the real system at the qualitative and quantitative macro 
levels. The verification process is divided into three steps: 
first, confirm the basic rationality of the model through 

Table 5. The initial value of the model

Subject Variable Initial value

Maintenance 
personnel

SA N (0.8,0.12)
SAT N (0.6,0.12)
SK N (0.8,0.12)
FN N (0.6,0.12)
WN N (0.4,0.12)

P N (0.9,0.12)
γ 0.5
w N (0.5,0.12)

STSK 1
ACCSAT 1
CWWN 1
RMFN 1
BFFN 1

Site environment AR N (0.5,0.12)
ER 0.0005
SF 1

Safety officers STR 7
SI 0.5
CSI 0.5

SGSI 2
SGCSI 2

Onsite 
Management

RM 0.5
BF 0.5

SGLE 2
SGBF 2

Senior 
Management

PSM 50%
SG 20
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expert interviews (Level 0); second, compare the attribute 
characteristics such as the safety attitude and subjective 
norms of the maintenance personnel group with empirical 
research results to achieve qualitative macro consistency 
(Level 1); finally, benchmark the accident rate simulated by 
the model against authoritative industry data to achieve 
quantitative macro consistency (Level 2).

(1) As the foundational level of the model’s empirical 
validity, Level 0 focuses on verifying whether the abstrac-
tion and simplification of the real system by the model 
align with basic logical intuition. First, the core components 
of the model were sorted out, including agent definition, 
agent attributes, interaction rules, and system constraints. 
On this basis, the “Expert Evaluation Scale for the Face 
Validity of the ABM Model” was designed, with evaluation 
indicators constructed from three core dimensions: first, 
logical consistency (whether there are contradictions in the 
model’s rule design, and whether the agents’ behavioral 
logic conforms to the characteristics of aviation mainte-
nance scenarios); second, real-world relevance (whether 
the model’s core components cover key links in mainte-
nance safety management, and the degree of alignment 
with actual maintenance operation processes); third, visual 
intuitiveness (whether the model’s graphical presentation 
is clear and understandable, and whether processes such 
as agent movement and behavioral decision-making are 
easy to observe). A 5-point scoring standard was set for 
each dimension (1 point  = completely unreasonable, 5 
points = completely reasonable), and an expert comment 
section was reserved to collect optimization suggestions.

The expert team consists of 5  members, including 3 
professors in the field of aviation safety management, 1 
senior engineer with more than 15 years of experience in 
maintenance management, and 1 expert in ABM modeling 
methodology, ensuring the professionalism and cross-
dimensional coverage of the evaluation. The scale was 
distributed through a combination of email and offline 
meetings, and 5  valid scales were recovered. Statistical 
analysis showed that the average scores of the three 
dimensions were 4.6, 4.3, and 4.5 respectively, with an 
overall average score of 4.5 (a score of ≥4 is considered 
passing). The core expert feedback indicates that the mod-
el’s agent interaction rules are consistent with the actual 
situation of aviation maintenance safety management, 
clearly presenting the action paths of key factors such as 
safety attitude and risk propensity on unsafe behaviors 
without logical contradictions. The visual process accu-
rately reflects the core links of maintenance operations, 
demonstrating that the model meets the Level 0 face va-
lidity requirements and lays a foundation for subsequent 
higher-level validity verification.

(2) The qualitative consistency of the model at Level 1 
was verified. The core phase for maintenance personnel 
to make decisions is the response selection stage, during 
which they compare the perceived risk magnitude with 
their own risk acceptance level to determine behavioral 
decisions. According to the analysis of the TPB, workers’ 
risk acceptance is mainly influenced by safety attitude and 

subjective norms. Therefore, these two factors (safety atti-
tude and subjective norms) in the model were selected for 
sensitivity analysis. Figures 7 and 8 respectively illustrate 
the impacts of safety attitude and subjective norms on 
maintenance personnel’s risk acceptance level.

As shown in Figure 7, there is a negative correlation 
between safety attitude and risk acceptance level. When 
maintenance personnel’s safety attitude score ranges from 
0.8 to 1.0 (strong safety attitude), the average risk accept-
ance level is only 0.19. When the safety attitude score is 
between 0  and 0.2 (weak safety attitude), the average 
risk acceptance level rises to 0.52. This result is consist-
ent with real-world logic: the stronger the maintenance 
personnel’s safety attitude, the clearer their awareness of 
risks in maintenance operations (such as procedure sim-
plification and irregular operations), and the lower their 
tolerance for unsafe behaviors. They are significantly more 
likely to choose compliant operations in key maintenance 
links such as engine inspections and avionics system tests, 
which aligns with the typical cognition in aviation safety 
management that “improved safety awareness reduces 
maintenance errors.”

As shown in Figure  8, a negative correlation is also 
observed between subjective norms and risk acceptance 
level. When the subjective norm score is 0.8 to 1.0 (high 
safety requirements from the surrounding group), the 

Figure 7. The relationship between safety attitude and risk 
acceptance in the benchmark model

Figure 8. The relationship between subjective norms and 
risk acceptance in the benchmark model
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average risk acceptance level of maintenance personnel 
is 0.24. When the subjective norm score is 0 to 0.2 (low 
safety requirements from the surrounding group), the av-
erage risk acceptance level reaches 0.44. This indicates that 
maintenance personnel’s behavioral decisions are signifi-
cantly influenced by the external environment, such as su-
pervision from managers and behavioral demonstrations 
by colleagues. The higher the surrounding group’s empha-
sis on safety procedures, the more maintenance personnel 
tend to comply with maintenance manual specifications 
and reduce their risk acceptance. This conclusion is con-
sistent with the research results of Zhang et al., who stated 
that “subjective norms have a significant positive impact 
on workers’ safety behaviors.” (Zhang et al., 2025).

In summary, regarding the relationships between the 
two core variables (safety attitude and subjective norms) 
and risk acceptance level, the model accurately reproduces 
the core characteristics and typical facts of aviation main-
tenance safety management, maintaining qualitative con-
sistency with existing empirical research conclusions. It has 
successfully met the Level 1 validity requirements.

(3) Quantitative consistency verification at Level 2 was 
achieved by comparing the simulation model results with 
empirical data. The baseline model was run through 100 
independent simulations, each lasting 100 days. The final 
average proportion of unsafe behaviors was 0.32 (with a 
standard deviation of 0.05), meaning approximately 32% 
of maintenance operations had potential safety hazards. 
This result aligns with Yang et  al.’s survey of 608  avia-
tion maintenance personnel in 4 Chinese airlines where 
the proportion of unsafe behaviors ranged from 24.34% 
to 35.40% (Yang et al., 2025), which verifying the model’s 
quantitative accuracy in predicting the proportion of un-
safe behaviors.

3.2.3. Sensitivity analysis

To further verify the influence intensity of the core param-
eters of the model on the output results, identify the key 
driving factors of unsafe behaviors, and test the robust-
ness of the model within the range of parameter fluctua-
tions. Combining the multi-agent interaction characteris-
tics of the model, the dimensions of the cognitive model 
and the design of intervention scenarios, a systematic 
analysis of parameter sensitivity was conducted. The “av-
erage daily proportion of unsafe behaviors” was selected 
as the key observation index. The single-factor sensitivity 
analysis method was adopted to obtain the average value 
of the index through 100 independent simulations (each 
for 100 days). The significance of the differences between 
groups was tested by analysis of variance (ANOVA). This 
analysis focuses on the output response direction, varia-
tion amplitude and potential nonlinear relationship caused 
by parameter changes. This design aims to analyze the 
influence of individual factors and directly test whether 
the theoretical assumptions of each module of the model 
(such as cognitive sub-models and environmental interac-
tions) have been correctly implemented.

To verify the internal mechanisms of the model rather 
than simulate external management interventions, this 
section selects a total of 6 fundamental and mechanism-
based parameters. These parameters reflect the inherent 
cognitive state of maintenance personnel, the characteris-
tics of the external environment, and the intrinsic settings 
of the cognitive process, which are clearly distinguished 
from the management strategy parameters that are active-
ly adjusted adjusted in the subsequent scenario analysis 
(such as training frequency and inspection intensity), cov-
ering the key input dimensions of the model. The specific 
parameters and their value ranges are shown in Table 6.

Table 6. Variable selection for sensitivity analysis

Variable The value range of sensitivity analysis

P 0.6~1.2
γ 0~1
w 0.2~0.8
AR 0.2~0.8
ER 0.0005~0.02

Psm 0.2~0.8

Sensitivity verification of individual cognitive param-
eters. This section investigates the independent influence 
of two core cognitive parameters, risk understanding co-
efficient (P) and social identity (w), on the proportion of 
unsafe behaviors. When P varies between 0.6 (underesti-
mating risk) and 1.2 (overestimating risk), the proportion 
of unsafe behavior shows a “U-shaped” curve, reaching the 
lowest point around P = 1.0 (accurate assessment). This re-
sult precisely verifies that “risk perception distortion” in the 
cognitive model is a cognitive failure link leading to unsafe 
behavior. When 𝑤 increased from 0.3 (low identification) 
to 0.7 (high identification), the proportion of unsafe be-
havior decreased from 0.54 to 0.40. This indicates that the 
model has successfully captured the moderating effect of 
social identity on the internalization process of organiza-
tional norms. A higher sense of identity makes individuals 
more inclined to follow management norms rather than 
peer pressure, thereby enhancing safety compliance.

Sensitivity verification of environmental risk param-
eters. When AR rose from low risk (0.2) to high risk (0.8), 
the proportion of unsafe behavior linearly increased from 
0.28 to 0.62. When ER increased from 0.0005 to 0.02, the 
proportion of unsafe behaviors also showed a significant 
upward trend. This confirms that the model is not a closed 
mental model but a system capable of responding reason-
ably to the risk level of the external working environment. 
The higher the environmental risk, the more systematically 
the probability that maintenance personnel will eventu-
ally be involved in unsafe operations, even if their cogni-
tive status is the same. This conforms to the basic logic of 
the “human-machine-environment” interaction in complex 
systems.

Verification of the internal transformation logic of 
the model. The analysis of the parameter risk perception 
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awareness  (γ) reveals the nonlinear effect. When γ ap-
proaches 0 (purely experience-driven) or 1 (purely in-
formation-driven), the proportion of unsafe behaviors is 
relatively high. However, around γ = 0.5 (a reference for 
balancing experience and information), the proportion 
drops to the lowest level. This verifies the rationality of 
the “dual risk perception path” set in the model. Extreme 
reliance on a single cognitive source may increase the 
risk of judgment error, while balanced reference enhanc-
es the robustness of decision-making. The tests of pa-
rameter Psm revealed a diminishing return phenomenon. 
When their values exceeded a certain threshold, the re-
duction effect on the overall proportion of unsafe behav-
iors weakened significantly, which provided an internal 
mechanism explanation for the subsequent analysis of 
the “marginal effect” of safety training.

Evaluation of model output robustness. By adding 
±10% random perturbations to all cognitive parameters, 
after 1000 simulations, the average daily proportion of 
unsafe behaviors was 0.34, the standard deviation was 
0.06, and the coefficient of variation was 9.4% (<15%). 
The model output was stable and had good robustness, 
indicating that the model operation results had good sta-
tistical stability and repeatability. The output differences 
caused by parameter variations are systematic rather than 
random fluctuations.

In conclusion, the results of the sensitivity analysis indi-
cate that the model’s response direction to all test param-
eters is correct, the amplitude is reasonable, and it is highly 
consistent with the basic theories of cognitive psychology 
and safety management. This proves that the constructed 
ABM successfully transforms theoretical assumptions into 
computational logic and possesses good internal consis-
tency and theoretical validity. The model outputs stably 
within a reasonable fluctuation range of parameters and 
has good robustness, which is used as a basis for analysis.

3.3. Intervention strategies for unsafe 
behaviors of aircraft maintenance personnel
To investigate the theoretical maximum potential of dif-
ferent intervention strategies, a series of controlled ex-
perimental scenarios was designed. These scenarios, while 
potentially idealized, allow for a clear comparison of the 
relative effectiveness of various management levers, pro-
viding a benchmark for real-world applications where 
factors such as compliance and resource constraints may 
moderate the outcomes.

3.3.1. Senior management

This part studies the intervention effect of senior manag-
ers’ control on the unsafe behavior of maintenance per-
sonnel, with assuming three simulation scenarios to repre-
sent the three levels of attention paid by senior managers 
to the onsite safety performance.

Scenario 1: senior managers “don’t pay attention to 
safety performance”, which shows that only when the 
number of unsafe behaviors exceeds 20 per day, do they 

carry out safety control, and do not participate in each 
safety training (SG = 20, Psm = 0).

Scenario 2: senior management “pays moderate at-
tention to safety performance”, which means that if the 
number of unsafe behaviors exceeds 10 every day, safety 
control will be carried out, and there is a half probability of 
participating in safety training (SG = 10, Psm = 0.5).

Scenario 3: senior management “attaches great impor-
tance to safety performance” shows that safety control will 
be carried out every day as soon as any unsafe behav-
iors appeared, and every safety training will be attended 
(SG = 0, Psm = 1).

As shown in Figure  9, the simulation results show 
that when senior managers “do not pay attention to 
safety performance”, the average daily proportion of un-
safe behaviors is 0.54, most of which fluctuate between 
0.46 and 0.61; The average number of unsafe behaviors 
per day was 18.5, slightly less than the safety target of 
20. When the top managers “pay moderate attention to 
safety performance”, the average daily proportion of un-
safe behaviors is 0.44, which is 19.6% lower than that of 
“pay little attention to safety performance”, and most of 
them float between 0.36 and 0.51. The average number of 
unsafe behaviors per day was 16.9, which was 8% lower 
than that of “not paying attention to safety performance”. 
When senior managers “attach great importance to safety 
performance”, the average daily proportion of unsafe be-
haviors is 0.39, which is 27.2% lower than that of “do not 
attach importance to safety performance”, and most of 
them float between 0.32 and 0.47. The average number of 
unsafe behaviors per day was 14.2, which was 23.2% lower 
than that of “don’t pay attention to safety performance”.

To determine whether the impact of senior managers’ 
varying levels of attention to safety performance on the 
daily proportion of unsafe conducts is statistically signif-
icant, SPSS 27 was used to conduct an ANOVA on the 
core indicator of daily unsafe behavior proportion. The 
Tukey HSD method was applied for multiple comparison 
tests, with the significance level set at α = 0.05. Results of 
the normality test and Levene’s test for homogeneity of 
variances indicated that all data satisfied the assumption of 
normal distribution and homogeneity of variances among 

Figure 9. Proportion of unsafe behaviors under different 
management policies
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groups, meeting the prerequisites for ANOVA. The over-
all ANOVA results showed a significant difference in the 
daily proportion of unsafe behaviors among groups with 
different attention levels (F = 77.201, p < 0.001), indicat-
ing that variations in senior managers’ attention to safety 
performance do have a substantive impact on unsafe 
behaviors. Further results from the Tukey HSD multiple 
comparisons revealed specific differences: the “moderate 
attention” group showed a significant decrease compared 
to the “low attention” group (p  < 0.001), and the “high 
attention” group had a significant reduction compared to 
the “low attention” group (p = 0.003).

The above statistical results verify the correlation be-
tween senior managers’ attention to safety performance 
and unsafe behaviors. Specifically, shifting from “low 
attention” to “moderate attention” or “high attention” 
highly significantly reduces the proportion and quantity 
of unsafe behaviors. However, the marginal improvement 
effect from “moderate attention” to “high attention” is 
statistically less significant than that from “low attention” 
to “moderate attention.”

The above results show that the senior managers’ at-
tention to safety performance has an important impact 
on unsafe behavior of maintenance personnel. However, 
there is little direct interaction between the senior man-
agers and the onsite maintenance personnel, and most 
of them interact directly with the middle management, 
which affects the behavior of the maintenance personnel, 
and the middle management may also be slack and lazy. 
Therefore, the control effect of the senior managers on 
the unsafe behavior of the maintenance personnel is not 
immediate. For senior managers, the marginal utility of 
their degree of attention is diminishing. This diminishing 
return suggests that while striving for maximum atten-
tion is beneficial in theory, practical resource allocation 
should aim for an optimal level, such as the ‘moderate 
attention’ scenario.

3.3.2. Safety officer

This part studies the intervention effect of safety training 
for safety officers on unsafe operations of maintenance 
personnel. In the scenario simulation, taking the bench-
mark model as the standard, the interval of safety train-
ing is adjusted to daily (STR = 1), weekly (STR = 7), every 
two weeks (STR = 14), every three weeks (STR = 21) and 
monthly (STR = 30). 

As Figure 10, the simulation results show that the more 
frequent the safety training, the more obvious the effect 
is. Compared with the monthly safety training frequency, 
the daily safety training frequency reduced the number 
of unsafe behaviors by 33.1%. However, the results also 
indicate a diminishing marginal effect. When the frequency 
of safety training is daily and weekly, the average value 
of both is 0.358. When the frequency of safety training is 
every three weeks and every month, the average value of 
both is around 0.517. This is because more than half of the 
aviation maintenance jobs need to work with certificates. 

Therefore, a weekly safety training frequency represents 
the optimal strategy, as it achieves a safety performance 
statistically equivalent to daily training while conserving 
significant organizational resources. This approach keeps 
the proportion of unsafe behaviors low, as shown in Fig-
ure 11, and the proportion of unsafe behaviors shows a 
downward trend.

Based on the learning model, the initial value of safety 
awareness and safety knowledge is high, and the daily 
safety training frequency also has a marginal effect on 
the enhancement effect of safety awareness and safety 
knowledge of maintenance personnel. Therefore, when 
the maintenance personnel do unsafe behaviors for other 
reasons but no safety accidents occur, the safety aware-
ness will be significantly reduced and the surrounding en-
vironment will be slack, which leads to the effect of daily 
safety training on the unsafe behaviors of the maintenance 
personnel is not obvious.

To determine whether the impact of different training 
frequencies on the daily proportion of unsafe behaviors is 
statistically significant, SPSS 27 software was used to con-
duct a One-Way Analysis of Variance (One-Way ANOVA) 
on the core indicator of daily unsafe behavior proportion. 
The Tukey HSD method was applied for multiple compari-

Figure 10. Proportion of unsafe behaviors at different 
training frequencies

Figure 11. Proportion of daily unsafe behaviors with safety 
training frequency of 7 and 30
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son tests, with the significance level set at α = 0.05. Results 
of the normality test and Levene’s test for homogeneity 
of variances indicated that all data satisfied the assump-
tion of normal distribution and homogeneity of variances 
among groups, meeting the prerequisites for ANOVA. 
The overall ANOVA results showed a significant differ-
ence in the daily proportion of unsafe behaviors among 
groups with different safety training intervals (F = 61.477, 
between-group df = 4, within-group df = 496, p < 0.001), 
indicating that changes in safety training frequency are not 
random fluctuations but have clear statistical significance 
for maintenance personnel’s unsafe behaviors.

Further results from the Tukey HSD multiple compari-
sons revealed specific differences, as shown in the Table 7. 
Based on the analysis, training frequencies are categorized 
into three types: “high frequency”, “medium frequency”, 
and “low frequency”, with significant differences between 
each type. There were significant differences between high 
and low frequency groups: the mean difference between 
the “weekly (STR = 7)” group and the “biweekly (STR = 
14)” group was 0.113 (p < 0.001), and the mean differ-
ence between the “biweekly (STR  = 14)” group and the 
“triweekly (STR = 21)” group was 0.076 (p < 0.001). This 
indicates that the increase in the proportion of unsafe be-
haviors is statistically significant when the training interval 
is extended from one week to two weeks, and from two 
weeks to one month.

There was no significant difference within the high-
frequency training group: the mean difference between 
the “daily (STR  = 1)” group and the “weekly (STR  = 7)” 
group was 0.003 (p  = 0.999  > 0.05), suggesting that 
weekly training achieves the same behavioral control ef-
fect as daily training. There was no significant difference 
within the medium-frequency training group: the mean 
difference between the “triweekly (STR = 21)” group and 
the “biweekly (STR = 14)” group was 0.024 (p = 0.491 > 
0.05), indicating that changes in training frequency have 
no substantive impact on behavioral improvement when 
the interval is between two and three weeks. These statisti-
cal results further quantify the intervention value of safety 
training frequency, not only verifying the intuitive rule that 
“higher frequency training yields better results” but also 
providing statistical support for “selecting weekly training 

as the optimal frequency”, balancing safety control effec-
tiveness and management costs.

This section studied the intervention effect of safety 
officers’ safety inspection on the unsafe behavior of main-
tenance personnel. The study mainly considered two tasks 
of safety officers: one is to eliminate unsafe objects; the 
second is to correct unsafe behaviors. Based on the bench-
mark model, the SI of the safety inspection range and the 
CSI of the safety inspection intensity were adjusted from 
0.1 to 1 (the values were 0.1, 0.5 and 1), and the simulation 
results are shown in Figure 12.

As shown in Figure 12, reducing the inspection inten-
sity from 1 to 0.1 resulted in the proportion of unsafe be-
haviors increasing from 0.30 to 0.59 (an absolute increase 
of 0.29, or 96.3%). In comparison, a similar reduction in the 
inspection scope led to an increase from 0.32 to 0.63 (an 
absolute increase of 0.31, or 92.3%). Results of the overall 
ANOVA analysis and Tukey HSD multiple comparison tests 
indicated that different levels of safety inspection intensity 
and safety inspection scope both have a significant impact 
on maintenance personnel’s unsafe behaviors (p < 0.001). 
While the relative increase is slightly larger for intensity, 
the narrowing of inspection scope leads to a higher final 
level and a marginally larger absolute increase in unsafe 
behaviors. From the perspective of the overall risk expo-
sure level, the safety inspection scope has a more impact 
on unsafe behavior of maintenance personnel. There-
fore, the simulation results indicate that both enhancing 
inspection intensity and the inspection scope leads to a 

Table 7. Impact differences of safety training intervals on 
unsafe behaviors

Interval of 
Safety Training N

Homogeneous Subsets

1 2 3

STR = 7 100 .3564
STR = 1 100 .3598
STR = 14 100 .4691
STR = 21 100 .4930
STR = 30 100 .5403
Significance .999 .491 1.000 Figure 12. Proportion of unsafe behaviors of different 

management strategies for safety officers
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significant decrease in unsafe behaviors. However, the ca-
pacity of the safety officer is limited and there is a limit to 
the scope or intensity of safety inspections per day. There-
fore, airports use video surveillance technology to monitor 
unsafe behaviors and eliminate potential safety hazards, 
while safety officers investigate major safety hazards in the 
working environment on the spot.

3.3.3. Onsite management

This link studied the intervention effect of the feedback 
and example demonstration of the crew leader on the un-
safe behavior of the maintenance personnel. First, three 
simulation scenarios are assumed: first, the crew leader 
takes himself as a safety example and encourages the 
maintenance personnel to work safely (RM  = 0.9, BF  = 
0.9); Second, the person in charge of the crew sometimes 
does unsafe behavior and does not give feedback to the 
unsafe behavior of the maintenance personnel (RM = 0.5, 
BF = 0); Third, the crew leader worked in an unsafe way 
and gave negative feedback to the maintenance personnel 
(RM = 0.1, BF = 0.9). 

As Figure 13, in scenario 1, when most of the behav-
iors of the crew leader are safe, and the crew members’ 
safe behaviors are encouraged and criticized, the average 
proportion of unsafe behaviors of the crew members is 
0.25, and the average number of unsafe behaviors per day 
is 14.2. In scenario 2, when the person in charge of the 
crew and the maintenance personnel is likely to commit 
unsafe acts at any time, and no feedback is given to the 
unsafe acts of the maintenance personnel, the average 
proportion of unsafe acts of the maintenance personnel 
is 0.41, an increase of 64.1% compared with scenario 1. 

When the crew leader makes unsafe behaviors and gives 
inefficient feedback to the maintenance personnel who 
have safe behaviors, and gives appreciative feedback to 
the maintenance personnel who have unsafe behaviors, 
the average proportion of unsafe behaviors of the main-
tenance personnel is 0.60, an increase of 143% compared 
with scenario 1.

Results of the normality test and Levene’s test for ho-
mogeneity of variances indicated that all data satisfied 
the assumption of normal distribution and homogeneity 
of variances among groups, meeting the prerequisites for 
ANOVA. The overall ANOVA results showed a significant 
difference in the daily proportion of unsafe behaviors 
across different on-site management styles (F = 339.30, 
p < 0.001), indicating that variations in on-site managers’ 
management styles have an impact on unsafe behaviors. 
Further results from the Tukey HSD multiple comparisons 
revealed significant differences between each pair of the 
three groups (p < 0.001). The above statistical results verify 
the correlation between on-site managers’ different man-
agement styles and unsafe behaviors. Simulation results 
demonstrate that on-site management has a highly sig-
nificant impact on maintenance personnel.

3.3.4. Social identity of maintenance personnel

This link studies the relationship between the social iden-
tity and safety performance of maintenance personnel. 
Taking the benchmark model as the standard, the param-
eter 𝑤(social identity) of maintenance personnel is set to 
N(0.3,0.12), N(0.5,0.12) and N(0.7,0.12) to represent the 
three situations of low, medium and high social identity 
of maintenance personnel, and the parameter value is still 
selected as normal distribution to maintain the difference 
of simulation. As Table 8, the results show that if the strict 
degree of management are not distinguished, the average 
proportion of unsafe behavior of maintenance personnel 
with different social identities is: low social identity 0.565, 
medium social identity 0.488, high social identity 0.401, 
medium social identity 13.6% lower than low social iden-
tity, and high social identity 28.9% lower than low social 
identity. 

If the strict degree of management is distinguished, 
the intervention effect of project management strategy 
“from strict to loose” in different social identity on unsafe 
behavior of maintenance personnel is also different: when 
the maintenance personnel have low and medium social 
identity, the proportion of unsafe behavior is reduced by 
28.5% and 23.1%. When the maintenance personnel had 

Figure 13. Proportion of unsafe behaviors under different 
strategies of onsite managers

Table 8. Average proportion of unsafe behaviors under different social identities and levels of management strictness

Social Identity / 
Management Loose management Normal management Strict management Average value

Low social identity 0.673 0.540 0.481 0.565 
Medium social identity 0.566 0.462 0.435 0.488 
High social identity 0.488 0.401 0.314 0.401 
Average value 0.576 0.468 0.410 /
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a high sense of social identity, the proportion of unsafe 
behavior decreased by 35.7%, which is significantly higher 
than the first two.

Therefore, when maintenance personnel have differ-
ent levels of organizational social identity, managers apply 
safety management in targeted ways: When maintenance 
personnel’s social identity is relatively low, project manag-
ers not only need to adopt strict management strategies 
but also implement other incentive and reward measures 
to enhance their social identity. This is because when 
maintenance personnel have a high level of social iden-
tity, the intervention effect of strict project management 
strategies on them is more pronounced. Thus, managers 
should maintain maintenance personnel’s social identity 
while using management measures to better reduce the 
proportion of unsafe behaviors.

3.4. Discussion
The simulation results demonstrate the efficacy of vari-
ous strategies under controlled conditions. However, a gap 
exists between these idealized interventions and practi-
cal implementation. The following discussion elaborates 
on these gaps and proposes targeted measures to bridge 
them, thereby enhancing the real-world applicability of 
findings.

The senior management should adopt a “zero acci-
dent” attitude for safety management, actively participate 
in safety meetings such as safety training, grasp the op-
portunity of direct interaction with the maintenance per-
sonnel, and increase the safety knowledge and awareness 
of the maintenance personnel. At the same time, because 
the project manager and the maintenance personnel in-
teract indirectly most of the time, the senior managers’ 
control of safety should focus on the management of the 
middle management, especially the selection of the onsite 
manager, which significantly enhances the cost-effective-
ness of safety interventions.

The frequency of safety training is recommended to 
be once a week, because many maintenance personnel 
are required to work with certificates, and their own safety 
knowledge and awareness are already high. At the same 
time, the safety training has a marginal effect on the im-
provement of safety quality, so the effect of safety training 
is not obvious. However, once the maintenance personnel 
make unsafe behavior but no safety accident, the effect 
on the reduction of safety quality will be more obvious. 
Therefore, safety officers should prioritize maintaining a 
weekly safety training schedule, while allocating additional 
resources to on-site inspections and the elimination of po-
tential hazards.

The intervention effect of the inspection scope of the 
safety officer on the unsafe behavior of the maintenance 
personnel is more obvious than the inspection ability. 
Therefore, the video monitoring technology is added to 
expand the scope of the safety inspection. The safety of-
ficer with limited ability every day should inspect the key 
areas to eliminate the occurrence of major potential safety 
accidents.

Whether the effect of aviation maintenance safety 
management is obvious, another reason is the social iden-
tity of the maintenance personnel, that is, the recognition 
of the maintenance personnel for the project. If the social 
identity of the maintenance personnel is high, the propor-
tion of unsafe behaviors will be maintained at the begin-
ning of the project, and the overall safety performance will 
enter a better cycle. However, due to the low social iden-
tity of maintenance personnel, safety management should 
be strengthened. Therefore, the senior management im-
proves the recognition of the maintenance personnel for 
the project, facilitate the creation of a maintenance site 
with a strong sense of safety atmosphere, and maintain 
good safety performance with weak safety management. 
The management pays more attention to the productivity 
and achieve the double goals of safety production.

Organizational culture and safety climate significantly 
shape aviation maintenance personnel’s unsafe behaviors, 
though compiled model currently captures these partially. 
Safety climate, as a situational reflection of culture, affects 
perceived behavioral control. A positive climate helps turn 
safe intentions into actions, while a negative one weak-
ens training effects. These factors also interact with social 
identity: personnel with strong organizational identifica-
tion (high 𝑤) better internalize safety norms, resisting un-
safe acts even if management is lax. Future models should 
integrate systematic culture/climate variables, as current 
interventions work in a specific contexts.

4.	Conclusions 

4.1. Main research work
A four-stage cognitive model of aviation maintenance 
personnel is proposed. Firstly, the research status of avia-
tion maintenance safety management is sorted out. It is 
found that the research perspective in the past two years 
focuses on safety risks and maintenance process, while 
the research on unsafe behavior of aviation maintenance 
personnel is less. Therefore, as a breakthrough point, a 
four-stage cognitive model (information acquisition, in-
formation processing, response selection and action) is 
established, which is in line with the characteristics of avia-
tion maintenance personnel.

A multiagent interaction model of unsafe behavior of 
aviation maintenance personnel was built. This paper stud-
ies the organizational structure and job responsibilities of 
the safety management personnel at the aviation mainte-
nance site, which is the theoretical basis of the multiagent 
interaction model. Combined with the four-stage cogni-
tive sub model of unsafe behavior of aviation maintenance 
personnel, the multiagent model is built. This paper de-
scribes a multiagent interaction model between aviation 
maintenance personnel and safety supervisors, site man-
agers and senior managers. The model considers the main 
interaction rules between different managers, between dif-
ferent managers and frontline operators, between front-
line operators and the environment, and between different 
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managers and the environment, forming a closed loop, 
which has certain universality.

The multiagent interaction model is visualized by case 
validation and NetLogo software, and the effectiveness 
of the model is verified. At the same time, based on the 
benchmark model, different management scenarios are set 
for the four management methods. In the model, the inter-
vention degree of unsafe behavior of maintenance person-
nel is studied by adjusting parameters, to put forward spe-
cific management opinions and future management priori-
ties for the safety management of aviation maintenance.

4.2. Highlights
This research refines the investigation of human unsafe 
behavior by focusing specifically on aviation maintenance 
personnel. Through literature review and analysis, it is found 
that the current research on safety management is rarely 
from the perspective of unsafe actions of maintenance 
personnel, and the research on unsafe behavior of mainte-
nance personnel is rarely divided into the category of “avia-
tion maintenance personnel”. Therefore, the research on the 
formation mechanism and intervention strategy of unsafe 
behavior of aircraft maintenance personnel. Therefore, this 
research on the formation mechanism and intervention 
strategy of unsafe behavior among aircraft maintenance 
personnel addresses a significant gap in the literature.

This study is more comprehensive in describing the 
cognitive factors of unsafe behavior of aviation mainte-
nance personnel. In the multiagent interaction model of 
aviation maintenance personnel built in the study, four 
psychological factors, namely risk perception, risk under-
standing, social identity and risk acceptance, are consid-
ered in the selection response phase of the cognitive sub 
model, to better describe the psychological activities of 
maintenance personnel.

4.3. Limits and expectations
In the aspect of building the cognitive mechanism model 
of unsafe behavior of aviation maintenance personnel, this 
paper studies all unsafe behaviors in aviation maintenance 
while the risky conducts corresponding to different posi-
tions in aviation maintenance may be different. Therefore, 
in future research, the aviation maintenance personnel in 
different positions are selected to analyze their unique 
cognitive model of unsafe behavior. In the ABM model, 
the main body of aviation maintenance personnel is fur-
ther classified according to their positions.

In terms of establishing the multiagent interaction 
theoretical model of unsafe behavior of aircraft main-
tenance personnel, the overall situation of the aviation 
maintenance site is considered in the study, but the risk 
exposure of different working places in the aviation main-
tenance site is different, that is, the probability and severity 
of unsafe state in different places are different. This factor 
is studied in detail in future simulation modeling, to more 
accurately simulate unsafe behaviors and safety accidents.

A key limitation of proposed model is that it assumes 
a neutral safety climate, which may underestimate unsafe 
operation rates in weak safety cultures – such as environ-
ments where safety is secondary to efficiency or error re-
porting is discouraged. Future research should integrate 
organizational metrics into the ABM systemically to more 
accurately simulate unsafe behavior dynamics under var-
ied cultural contexts and precise decision support for the 
formulation of aviation maintenance safety management 
strategies.

Another remaining limitation is that some cognitive 
parameters (such as safety attitude initial values) rely on 
indirect validation (expert evaluation, literature bench-
marks) rather than direct empirical data. We disclosed this 
gap and proposed future empirical data collection – such 
as 6-month on-site behavior logs and maintenance per-
sonnel safety surveys – to obtain first-hand data, enabling 
direct validation of model parameters and further enhanc-
ing the credibility of simulation results.
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APPENDIX

A. Cognition model of aircraft maintenance 
personnel behavior

Information acquisition stage
In the information acquisition stage, the main cognitive 
influencing factor for aircraft maintenance personnel is 
safety awareness. In the workplace, maintenance person-

nel detects potential safety risks through their sensory 
organs. The higher the safety awareness, the greater the 
probability that maintenance personnel will identify po-
tential safety risks.
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where, t
iSA  represents the safety awareness of mainte-

nance personnel i at time t; the higher the safety aware-
ness, the stronger the ability of maintenance personnel to 
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identify risks. t
iFR  indicates whether maintenance person-

nel i has detected potential risks at time t: 1 means po-
tential safety risks are detected, and the process proceeds 
to the next stage; 0 means no potential safety risks are 
detected, leading to unsafe behaviors.

Information processing stage

After detecting potential hazard information, maintenance 
personnel’s risk perception is derived from the actual safe-
ty risk level in the external environment and the infor-
mation stock in their temporary memory and knowledge 
base. The magnitude of perceived risk is shown in Equa-
tion (1.2).
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where, t
iPR  is the risk perceived by maintenance personnel 

i at time t; 
1
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t
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i
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t

−

=

γ
− ∑  is the risk previously perceived by 

maintenance personnel, which becomes the source of their 
temporary memory and knowledge base for the next day; 

t
iAR  is the actual risk level encountered by maintenance 

personnel i at time t ; γ  is the risk perception awareness of 
maintenance personnel. The stronger the risk perception 
awareness, the greater the dependence of maintenance 
personnel on past experience. According to the theory of 
bounded rationality in cognition, limitations in the indi-
vidual cognitive process may lead maintenance personnel 
to underestimate or overestimate risks, and the risk level 
understood by maintenance personnel may not equal the 
perceived risk. The risk level understood by maintenance 
personnel is shown in Equations (1.3) and (1.4).

( )1 1t t t t
i i i iP P SK SK− −= + − ;	 (1.3)

t t t
i i iUR P PR= ,	 (1.4)

where, t
iSK  represents the safety knowledge of mainte-

nance personnel i at time t ; more safety knowledge means 
a stronger ability to understand risks. t

iUR  is the risk level 
understood by maintenance personnel i at time t. t

iP  is 
the risk understanding coefficient of maintenance person-
nel i at time t: if t

iP  is greater than 1, the risk understood 
by maintenance personnel i at time t is higher than the 
perceived risk; if t

iP  is less than 1, the understood risk 
is lower than the perceived risk. Changes in maintenance 
personnel’s safety affect their level of understanding of 
risk magnitude. In the workplace, maintenance personnel’s 
subjective norms are generally influenced by senior man-
agers, safety managers, on-site managers, and colleagues. 
Since the application of subjective norms in the cogni-
tive model of maintenance personnel involves observing 
the behaviors of colleagues and on-site managers during 
work or being influenced by their feedback, this paper only 
considers colleague norms and on-site manager norms as 
subjective norms.

Response selection stage
In the response selection stage, maintenance personnel 
make behavioral decisions by comparing the understood 
risk level with their own risk acceptance. When the under-
stood risk is higher than the risk acceptance level, they 
choose safe behaviors; when the understood risk is lower 
than the risk acceptance level, they choose unsafe behav-
iors. Based on TPB, maintenance personnel’s risk accept-
ance is affected by their safety attitude, subjective norms, 
and perceived behavioral control.
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( ) ( )1 2 3* 1 * 1 *t t t t
i i i iRA a SAT a SN a PBC= − + − + + ε ,	 (1.6)

where, t
iRA  is the risk acceptance level of maintenance 

personnel i at time t ; t
iSN  is the subjective norm of main-

tenance personnel i at time t ; t
iPBC  is the perceived be-

havioral control of maintenance personnel i at time t; 1a , 
2a , and 3a  respectively represent the influence weights 

of changes in safety attitude, subjective norms, and per-
ceived behavioral control on the response selection stage 
of maintenance personnel; ε  is a random influence fac-
tor, representing random fluctuations in risk acceptance 
caused by unexplainable external influences, reflecting the 
bounded rationality of maintenance personnel’s cognition; 

t
iCB  indicates whether maintenance personnel choose un-

safe behaviors: 1 means choosing unsafe behaviors, and 
0 means choosing safe behaviors. In the workplace, main-
tenance personnel have the most direct contact with col-
leagues and front-line managers., as shown in Equation 
(1.7).

( )1t t t
i i i i iSN WN FN= −ω + ω ,	 (1.7)

where, t
iWN  represents the colleague norm perceived by 

maintenance personnel i at time t; represents the on-site 
manager norm perceived by maintenance personnel i at 
time t; iω  is the social identity of maintenance personnel, 
indicating their recognition of the project. A higher iω  
means maintenance personnel care more about managers’ 
opinions and have a higher recognition of manager norms; 
a lower iω  means they care more about colleagues’ opin-
ions and have a higher recognition of colleague norms.

Action execution stage
Even after choosing safe behaviors, maintenance person-
nel may make operational errors due to their perceived 
behavioral control capabilities, resulting in unsafe behav-
iors.
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The perceived behavioral control t
iPBC  of maintenance 

personnel i at time t is the product of working conditions 
and physical conditions, as shown in Equations (1.9) and 
(1.10).
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( )* 1t t t
i i iPBC SF FA= − ;	 (1.9)

( )1
nt

i m iFA i= − + ε .	 (1.10)

In Equation 1.9, t
iFA  is the accumulated fatigue of 

maintenance personnel i at time t, reflecting their physical 
conditions; t

iSF  is the working environment condition of 
maintenance personnel i at time t. Higher work burnout 
is more likely to lead to unsafe behaviors, so accumulated 
fatigue is negatively correlated with unsafe behaviors. In 
Equation (1.10), n represents the daily working duration; 

mi  is the state decay rate, ranging from 5% to 10%; εi 
is the initial value, indicating that different maintenance 
personnel have different pressure-bearing capacities.

Accident occurrence stage

A safety accident refers to the probability of injury or 
death of each maintenance personnel, from the perspec-
tive of individual maintenance personnel. The behavioral 
description of whether a maintenance personnel member 
has an accident is shown in Equation (1.11).
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where, t
iER  is the hazard exposure degree of maintenance 

personnel i at time t; a higher value indicates a greater 
probability of maintenance personnel being in an unsafe 
physical state; t

iaccident  indicates whether maintenance 
personnel i has an accident at time t: 1 means an accident 
occurred, and 0 means no accident occurred.

B. Interaction rules

Workplace safety management strategies affect safety 
performance by influencing the cognitive level of mainte-
nance personnel, and maintenance personnel’s cognition 
serves as an intermediary between safety performance and 
safety management. The workplace safety management 
system is negatively correlated with the accident rate: the 
stronger the safety management intensity, the lower the 
on-site accident rate. The safety management system and 
maintenance personnel’s cognition is used to study the 
development trend of safety performance.

Accident consequences

Safety accidents occurring to maintenance personnel in 
the workplace will affect their safety attitudes. If unsafe 
behaviors of maintenance personnel do not result in safety 
accidents, their safety vigilance towards unsafe behaviors 
will relax in subsequent behavioral choices, leading to a 
decline in safety attitude (SAT decreases by SATACC  units). 
Conversely, if unsafe behaviors cause safety accidents, they 

will become more risk-averse and make more conservative 
behavioral choices, leading to an increase in safety attitude 
(SAT increases by t

iSAT  units).
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Safety training
Safety training refers to providing maintenance personnel 
with targeted, effective, and reasonably frequent learning 
opportunities to master safe operation methods, develop 
safe work habits, thereby improving their safety aware-
ness and ability to respond to emergencies, and enriching 
their safety knowledge. Safe behaviors involve processes 
of learning, execution, forgetting, and re-learning, so the 
frequency and intensity of training are crucial. The ideal 
state is to reduce the forgetting rate or failure rate of 
learned content to a tolerable level. Safety training up-
dates the safety knowledge (SK) and safety awareness (SA) 
of maintenance personnel. Each safety training increases 
the value of SK by SKSOT  units and SA by SASOT  units.

1t t
i i SKSK SK SOT+ = + ;	 (2.2)

1t t
i i SASA SA SOT+ = + .	 (2.3)

Safety inspections
Safety inspections refer to the frequency and intensity 
of safety officers’ inspections on on-site hazard sources 
and maintenance personnel’s unsafe behaviors. Conduct-
ing daily and special safety inspections and patrols is a 
guarantee of safety. Firstly, it directly corrects maintenance 
personnel’s unsafe behaviors; secondly, it eliminates faults 
in on-site mechanical equipment to reduce unsafe physi-
cal states. Therefore, in the model, safety officers must 
eliminate hazard sources within a certain range (SI) and 
correct unsafe behaviors of maintenance personnel within 
a certain range every day, with a probability (CSI) of suc-
cessful observation and correction.

Influence of colleagues’ behaviors
Maintenance personnel’s unsafe behaviors are not only 
affected by the management strategies of senior manag-
ers but also by colleagues. The behaviors of surround-
ing colleagues largely influence maintenance personnel’s 
behavioral choices. If a colleague k around maintenance 
personnel i engages in unsafe behaviors, it will have the 
following negative impacts on i: first, i will perceive that 
the colleague approves of unsafe behaviors; second, i may 
lack sufficient experience to learn from the colleague’s in-
appropriate practices. If a colleague k around i engages 
in safe behaviors, it will have the following positive im-
pacts: first, i will perceive that the colleague disapproves 
of unsafe behaviors and values team safety; second, i may 
lack sufficient experience to learn from the colleague’s 
safe practices. In this interaction, maintenance personnel 
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update the colleague norm (WN) through a learning 
model: if a colleague engages in unsafe behaviors, t

iWN  
of i decreases by WNCW  units; otherwise, it increases by 

WNCW  units.
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Feedback and demonstration by on-site 
managers

On-site managers have a significant impact on mainte-
nance personnel’s behaviors. Two main behaviors of on-
site managers – behavioral feedback and exemplary dem-
onstration  – update the manager norm (FN) of mainte-
nance personnel.
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Guidance and control by senior managers

For senior managers, safety is a primary and non-nego-
tiable goal. They receive daily statistics from safety offic-
ers on the number of unsafe behaviors and accidents and 
compare them with the upper limit of tolerable safety per-
formance. If the number of unsafe behaviors on the pre-

vious day exceeds the safety goal (SG), senior managers 
will issue warnings to safety officers, increasing the safety 
inspection intensity (CSI) and inspection range (SI) on the 
next day to reduce potential on-site safety risks; they will 
also issue warnings to on-site managers, enhancing the 
intensity of behavioral feedback (BF) and exemplary dem-
onstration (LE).

1t t
i i LELE LE SG+ = + ;	 (2.6)

1t t
i i BFBF BF SG+ = + ;	 (2.7)

1t t
i i CSICSI CSI SG+ = + ;	 (2.8)

1t t
i i SISI SI SG+ = + .	 (2.9)

Senior managers’ participation in safety 
activities

Senior managers have a probability (PSM) of deciding 
whether to participate in each safety training session. If 
they participate, the effectiveness of the safety training 
will be enhanced: SK will increase by an additional SKSOT  
units, and SA will increase by an additional SASOT  units, 
as shown in Equations (2.10) and (2.11).

1t t
i i SKSK SK SOT+ = + ;	 (2.10)

1t t
i i SASA SA SOT+ = + .	 (2.11)


