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Abstract: According to the human culture concept, homogeneous and heterogeneous cultures are important
indicators to classify who is in-group and out-group of the people in the society, respectively. The human
culture concept was applied to many industries such as construction, infrastructure, oil and gas production,
nuclear plants, aviation, and health to study the differences in culture from various working environments for
specific objectives, especially in the national culture dimension. In the human reliability analysis (HRA) of
nuclear industries, the sharing of human performance data between different countries or organizations is a
common transferring approach of similar operating cultures among nuclear plants. Culture values of operators
between different nuclear plants are the essential indicator to check and confirm homogeneous operating
cultures for supporting the transfer of human performance data in other nuclear plants. In this study, five
countries operating seven nuclear research reactors (NRRs) in the ASEAN Network on Nuclear Power Safety
Research (ASEAN NPSR) planned to develop an ASEAN HRA platform and collect human performance data
together. Thus, HRA practitioners aimed to survey and analyze the national culture values of NRR operators
to investigate homogeneous culture through five dimensions of Hofstede’s models namely (1) power distance
index (PDI), (2) individualism index (IDV), (3) masculinity index, (MAS), and (4) uncertainty avoidance index
(UAI), and (5) long-term orientation index (LTO) based on the questionnaire and expertise from the successful
nuclear power plant (NPP) case study of the Republic of Korea (RoK) in the past. As a result, the five national
culture values of NRR operators dominantly showed high correlations among seven NPPs to support the
potential of HRA data sharing. Moreover, the discrepancy of each culture value such as MAS and UAI helped
explain the working characteristic differences of each NRR well.

Keywords: Hofstede's model, Operating culture, Human reliability analysis, Nuclear Research Reactor,
ASEAN NPSR.
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1. INTRODUCTION

In general nuclear energy industries, concerns about safety and the risks of nuclear operations are raised among
the public due to the handling of radioactive and hazardous materials [1]. These nuclear industries need to be
recommended to review and improve the safety issues by their national regulatory body [2, 3]. Among safety
issues, human reliability analysis (HRA) is a mandatory human risk quantification requirement not for only
nuclear power plants (NPPs) but also for nuclear research reactors (NRRs). HRA is realized as a human risk
assessment tool to help manage potential negative incidents because of human failures.

On the NPP side, the HRA data or human failure rates among the NPPs were able to be shared with each other
based on the assumption of a homogenous culture [4, 5]. Homogenous cultures are used as evidence to support
sharing the HRA data or human failure rates among the NPPs due to a lack of available HRA data in the NPPs
having different HRA methods. For example, in 2021, Korea Atomic Energy Research Institute (KAERI)
investigated the international culture values profile for understanding human performance data collected from
three countries namely Korea, the US, and Sweden [6].

Likewise, in 2023, ASEAN Network on Nuclear Power Safety Research (ASEAN NPSR) started developing
the HRA platform and methodology for collecting and sharing HRA data among five ASEAN NPSR Members
States (MSs) that are currently operating NRRs, namely Thailand, Malaysia, Indonesia, Vietnam, and the
Philippines [7]. Basically, HRA is a national requirement related to periodic safety review (PSR), or integrated
safety assessment of research reactors (INSARR) [3, 8]. Thus the concept of homogenous culture profile study
in NPPs was extended to seven NRRs of these five ASEAN NPSR countries for sharing HRA data.

The objective of this study is to investigate and compare the operating culture profile among five ASEAN
NPSR countries operating NRRs using five Hofstede’s culture indices and understand the working
characteristics of NRR institutes among ASEAN NPSR countries from different national cultures indices
namely power distance index (PDI), individualism index (IDV), masculinity (MAS), uncertainty avoidance
index (UAI), and long-term orientation index (LTO) with statistical analyses of Pearson’s correlation and
principal components analysis (PCA).

This article includes four sections. The first section (this section) is the introduction of this work. The second
section showed methodologies and related theories for ASEAN NPSR operating cultures. The third section
was the results and discussion of the findings. The last section is the conclusion.

2. METHODOLOGY
2.1. Culture Profile Survey

Figure 1 shows the questionnaire for capturing the cultural characteristics [9]. To investigate the operating
culture profile of five ASEAN NRRs, a questionnaire for extracting the culture characteristics of NRRs’
operators in five Hofstede’s culture indices was set based on the NPP operators’ survey prototype [9]. The
correlation of the questionnaire to five Hofstede’s culture indices is determined by the empirical data in value
survey module 1994 (VMS94) [10]. The meaning of five Hofstede’s culture indices was shown in the following;

Power distance index (PDI): Culture value representing inequality of workers in society,
Individualism index (IDV): Culture value indicating individualism in the working environment,
Masculinity index (MAS): Culture value reflecting assertive behaviors using social gender roles,
Uncertainty avoidance index (UAI): Culture value explaining feelings to avoid uncertain situations,
Long-term orientation (LTO): Culture value describing the worker's habit of persistence and thrift.
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Figure 1. Questionnaire for capturing the cultural characteristics [9].
2.2. Pearson’s Correlation Coefficient
Pearson’s correlation coefficient was used to compare the culture profiles of NRRs’ operators in order to prove
the overall homogeneous culture of ASEAN operating teams. The coefficient is used to check the linear

relationship between the two variables through the ratio of covariance and the multiple of the standard
deviation as shown in the following equation [11];
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where 7 is the Pearson correlation coefficient, o (x, v)? is the covariance of variables x and y, o (x) is the
standard deviation of variables x, and o (y)is the standard deviation of variables .

2.3. Principal Components Analysis (PCA)
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Figure 2. PCA example of the correlation of two variables in various experiments.

Figure 2 shows the PCA example of the correlation of two variables in various experiments. Principal
component analysis (PCA) is the explanation of the multidimensionality of many data sets in the two-
dimensional scheme [12, 13]. In other words, PCA is the comparative statical tool that decreases the number
of variables in the data set, while preserving the originality of information. In this study, the R-program [14]
was used to generate the PCA scheme to compare the correlation of each Hofstede culture index with NRRs
among ASEAN NPSR countries to explain the working characteristics.
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3. RESULTS AND DISCUSSION

3.1. ASEAN NRRs’ operator cultures versus general national culture
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Figure 3. PCA culture comparison of ASEAN NRRs’ operators and the general ASEAN workers [15].

Figure 3 shows the PCA results of the culture comparison of ASEAN NRRs’ operators and the general ASEAN
workers [15] of these five ASEAN countries. It was found that the PCA vectors of these two cases obviously
posit in the opposite direction. All PCA vectors of ASEAN operator cultures were directed to the right-hand
side in the blue box but all PCA vectors of general ASEAN cultures were shown on the left-hand side in the
red box. The opposite directions reflected that there was an insignificant correlation between ASEAN NRRs’
operators and the general ASEAN workers. In other words, the influences of inside-institute management and
measurements such as safety issues can have more impact on workforce behavior than general national cultures.
The same situation happened in the culture study of high-risk industries such as oil and gas companies, and
aviation industries [16, 17].

3.2. Culture correlation of ASEAN NRRs’ operators
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Figure 4. Pearson’s correlation results between ASEAN NRRs’ operators.
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Figure 4 shows Pearson’s correlation results between ASEAN NRRs’ operators. Pearson’s correlation was
used to compare the operating culture profile among seven NRRs. It was found that Pearson’s correlation
scheme mostly showed a strong positive correlation through the red shade color zone of the cultures of ASEAN
operating teams. Overall, there is no doubt that the positive correlation of these seven ASEAN NRRs can be
considered strong evidence to support the idea of collecting, using, and sharing human performance data in the
HRA scope among five ASEAN countries. However, it is difficult to claim that the operating cultures in all
NRRs are similar to each other 100 percent due to the different working environments of NRRs such as the
weak color zone. Thus the significant culture differences in Hofstedes’ indices such as MAS and UAI were
explained more in the difference of ASEAN NRR operating culture in the following.
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Figure 5. PCA MAS of the ASEAN NRRs’ operator cultures.
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Figure 6. PCA UAI of the ASEAN NRRs’ operator cultures.
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Figure 5 and Figure 6 show the PCA results of the ASEAN NRRs’ operator cultures in the MAS and UAI
dimensions, respectively. Based on the direction of the MAS vectors in Hofstede’s theory [18], Indonesian
operators showed higher masculinity which reflects the decisive management of their organization. Employers
and employees tend to accept assertive behavior in the workplace. Having a conflict is a common process to
reach a goal in a working society. On the other hand, Malaysia, Thailand, the Philippines, and Vietnam
operators showed more consensus society with lower MAS or femininity. Modest behavior is the main
characteristic of both employers and employees. Hence, when having conflicts during a discussion, the leader
has to compromise to find a solution together. As for UAI, Indonesian operators strongly showed an awareness
of uncertainty or ambiguity in the workplace with higher UAI. Formal law or regulation in the operation or
management to prevent uncertainties is preferable. Thus these teams need the precision of steps and results
when following the procedures or instructions. However, Malaysia, Thailand, the Philippines, and Vietnam
showed less uncertainty avoidance with lower UAIL. Generally, these operators rely on their experience to
manage difficult tasks or prevent uncertainties and implement only important rules or regulations.

Based on the PCA operating culture results, the ASEAN NRRs’ operators can be classified into two groups in
terms of the nation. The first group (Group 1) included Malaysia, Thailand, the Philippines, and Vietnam while
the second group (Group 2) of the big organization of Indonesian NRRs. The two groups can be differentiated
by using the characteristics of organizations and nuclear facilities. Group 1 indicates ASEAN NRR’s operators
operating a single low-power NRR such as a TRIGA reactor. Group 2 indicates that the big organization of
Indonesia with decentralization control, that governed the three NRRs including 1 high power RSG at 30 MW
and 2 low-power TRIGA reactors. To improve natural cultures in the safe operation and to support effectively
sharing human error data in ASEAN NPSR, the two groups can learn from each other through their culture
differences. For example, Group 1 can learn how to compromise the conflicts during a discussion with Group
2. Also, Group 2 learned how to set and use formal laws or regulations effectively with Group 1.

4. CONCLUSION

To investigate the operating culture profile of ASEAN NRRs in Thailand, Malaysia, Indonesia, Vietnam, and
the Philippines, Hofstede’s culture indices were used to explain their culture using the culture profile survey.
The comparison of ASEAN NRR operators and the general ASEAN workers reflected the unique influences
of inside-institute management and measurements of the ASEAN NRR industry especially in safety issues.
Pearson’s correlation proved the homogeneous cultures among ASEAN operating teams which is important
evidence to support sharing human performance data in the HRA scope among NRRs in ASEAN MSs.
However, there were some interesting ASEAN NRRs’ operator cultures in MAS and UAI dimensions affecting
the culture difference. The culture differences helped lead to learning from each other in ASEAN NPSR to
improve natural cultures in the safe operation and to support effectively sharing human error data in the future.
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