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Abstract

Objective: This study explores how we can improve the government’s research and technology
for disasters and safety.

Methods: This study employs the Structural Equation Model (SEM) based on 268 experts’
perspectives.

Results: R&D performance exerts a directly significant impact on R&D achievement with the
coefficient of 0.429. Second, while professionality and environment of R&D do not show a direct
effect on achievement, they exhibit an indirect effect on it with the coefficient of 1.124 and 0.354,
respectively. Third, R&D professionality exerts a significant impact on the R&D environment
(0.964), and R&D environment has a positive effect on R&D performance (0.827).
Conclusion: Governments and policymakers should develop disaster and safety policies by
understanding direct and indirect effects and the relationship of factors related to R&D for
improving R&D achievement.

People are confronted with disasters and safety accidents every year. Natural disasters kill on
average 45 000 people per year, globally, which account for an average of 0.1% of total deaths." On
average, there are around 340 million occupational accidents and 160 million victims of work-
related illnesses annually.” Therefore, developing disasters and safety policies is one of the main
responsibilities for governments and disaster planners to protect their citizens.

Governments and policymakers develop many disaster and safety policies and technology to
protect their citizens from disasters and accidents.’ For example, the US Federal Government
awards US $69 325 130 for all disaster-related research during 2011-2016." The Australian
Government announced up to $1 billion for the Disaster Ready Fund (DRF) over 5 years, from
July 1 2023. Round One provided $200 million of Commonwealth investment for 187 projects
in 2023-24.

As disasters do not occur regularly, continuously, and happen randomly at any time in various
sizes and shapes, it is difficult to accurately understand the effects of investments in their
prevention or responses.’ Therefore, prior studies have tried to explore how research and
development (R&D) expenditure for disasters and accidents exerts a significant impact on
preventing or minimizing damages of disasters and accidents and highlight that R&D expend-
iture plays a positive role in them.””” For example, Ye et al. highlight that government investment
can reduce the probability of disaster events as well as losses over periods.”

However, prior studies have rarely explored how can we improve the government’s research
and technology for disasters and safety (e.g., Espada Jr et al,, 2014; Lin, 2015; Motoyama,
2017).'°""* This is because it is very difficult to measure what factors play an important role in
the improvement of R&D with empirical analyses, and most prior studies analyze the effects of
R&D in the industrial, innovation, or economic fields.'”™"”

It is obvious that R&D expenditure on disaster management requires evidence-based risk
management methods, which is well proven and backed by information on the scope of
application, costs, implementation process, and expected reductions of risk or losses.'® Not only
that, but previous articles have also barely analyzed the relationship between input factors and the
improvement of R&D based on disaster experts’ perspectives with empirical models.'”~"”

Therefore, there is a research gap; that is, existing literature has scarcely explored the
relationship between R&D inputs and outputs in the disaster and safety fields based on empirical
data and disaster experts’ perspectives. In this background, this study highlights how we can
improve governments’ research and technology for disasters and safety to cope with disaster and
safety accidents effectively by employing econometric models based on disaster experts’ per-
spectives. This study utilizes 268 disaster experts from the National Disaster Management
Research Institute data by employing the Structural Equation Modeling (SEM). By doing so,
this study could contribute to enhancing R&D outputs and assist governments and policymakers
in delivering better disaster management and safety services to their citizens. To the best of my
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knowledge, this is the first article that explores the factors influen-
cing the improvement of R&D for disasters based on data from
disaster experts and econometric models.

This study tests 5 hypotheses by employing SEM as follows:

R&D professionality exerts a positive impact on R&D environment.
R&D environment plays an important role in R&D performance.
R&D professionality positively affects R&D achievement.

R&D environment has a significant effect on R&D achievement.
R&D performance has a remarkable effect on R&D achievement.

S S

The structure of this article is as follows: Following the introduc-
tion, the literature review section covers the importance of R&D for
disasters, the development of R&D for disaster and safety accidents, the
challenges faced in R&D for disasters, and the relationship between
R&D inputs and outputs. The methodology section explains the data
and SEM methods used in this study. The results section presents the
empirical findings, while the discussion section compares these find-
ings with existing literature. Finally, the conclusion section summarizes
the results, discusses the implications, and highlights the limitations of
the study. The research method diagram of the paper is presented in
Figure 1.

Literature Review

Disasters are catastrophic events that occur regularly, not rarely.
Disasters from earthquakes and storms to floods and droughts kill
approximately 40 000-50 000 people per year.”’ The Emergency
Events Database (EM-DAT) reveals a staggering total of 399 disas-
ters linked to natural hazards in 2023. These calamities result in 86
473 fatalities and impact 93.1 million people. Economic losses
soared to an estimated US $202.7 billion.”' The International
Labour Organization reports that nearly 3 million workers die every
year due to work-related accidents.””

Disasters create numerous opportunities for R&D advancement
and make governments and organizations develop substantive
content because R&D is the root of informed decision-making in
disaster risk reduction.”” " R&D for disasters have always existed
in some form in all countries.”” The task of managing disasters and
safety accidents is heavily dependent on research and development
for disasters and safety. The application of R&D can substantially
reduce losses of lives and property.'®

Many governments and policymakers have developed better
R&D systems to cope with disasters and safety accidents. For
example, in 1997, the National Science Council in Taiwan reviewed
and approved the proposal to formally establish the National
Science and Technology Program for Hazards Mitigation
(NAPHM) to organize R&D efforts in the related government
ministries in a more systematic way, integrating research results
and transforming them into useful applications in disaster reduc-
tion and tying research work closely with practice.”® The Japanese
government has concentrated resources in leading research univer-
sities to enhance interdisciplinary research and collaborative,
co-creative approaches to disasters.”” The South Korea government
developed the Integrated Disaster and Safety Information System to
support cross-government communication and collaboration for a
rapid inter-agency response which handles all phases of a disaster
(prevention, preparedness, response, and recovery) in the most
integrated manner.”®

Especially, with the development of R&D and technologies,
investing in R&D could contribute to minimizing the damages of
disasters and helping governments and policymakers develop
better responses and recovery plans for disaster and safety
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Figure 1. The research method diagram.

accidents.”” " For example, Callaghan highlights that R&D may
contribute to improved real time disaster response and resilience
across contexts.”” Krichen et al. highlight that technologies, such as
remote sensing, radars and satellite imaging, internet of things,
smartphones, and social media, can be utilized in the management
of natural disasters in order to predict, respond, and recover more
effectively.”

However, it is still vague how R&D input plays an important role
in R&D output.”' ~* For example, Wu et al. report that the optimal
proportion of expenditure for disaster prevention and mitigation
has always been a difficult issue that people are concerned about.”
Fahlevi et al. cannot find the relationship between the disaster
budget and the level of disaster risks among districts or cities in
the Aceh province, Indonesia.””
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It would be particularly useful if we could determine why one
governmental effort is evaluated to be a success, while another is
judged as a failure.”® Also, although R&D provide the means to
substantially reduce losses caused by disasters, implementing R&D
measures has been slow, and it is important to understand the
factors that contribute to R&D achievement.”

Scholars have tried to measure achievement of R&D, and the
factors related to R&D output, but it is very difficult to measure
because there are very few data sources and articles, and some of
those available include uncertainties, multiple consequences, a
cumulative nature, and transferability (see e.g., Aksnes et al.,
2017; Hall, 2007; Melkers, 1993).>°"*® For instance, Aksnes et al.
report that there are methodological difficulties in measuring
research productivity by comparing official R&D statistics from
18 OECD member countries.’® Hall reports that Measuring R&D
output needs knowledge of its private depreciation or obsoles-
cence rate, which is inherently variable and responds to competi-
tive pressure.’’

Some scholars have highlighted how R&D inputs play an
important role in R&D outputs. For instance, Guo et al. highlight
that innovation outputs are significantly increased after the R&D
investment from the government in China.”” Mansfield shows that
R&D investments play an important role in innovative output
based on data for over 100 firms in a dozen industries."” Chen
et al. show that R&D environment plays an important role in
improving scores on the output-oriented R&D efficiency index
across 24 countries."’ Winthrop et al. highlight that a strong
relation exists between government R&D expenditures and
national technology advancement in the US by analyzing the
aerospace industry as a case study.*’

As we can see above and below, prior studies have rarely
highlighted what factors play an important role in R&D outputs
in the disaster fields and dominantly focus on the industrial,
innovation, or economic fields (Table 1).*~* Therefore, this study
explores what factors exert a significant impact on R&D achieve-
ment for disasters and safety by employing the SEM model in the
next section.

Methodology

This study utilizes investigation and analysis on technology level
related to disaster and safety management in 2021 from the
National Disaster Management Research Institute in Korea. The
investigation and analysis on technology level related to disaster
and safety management data is to analyze technology level and
technology satisfaction in the disaster and safety field by comparing
with countries through the highest technology. The survey is based
on experts and the public on disaster and safety R&D performance.
The survey presents directions for future disaster and safety
research and development through analysis of survey results
(National Disaster Management Research Institute, 2021).°°

The survey is conducted with 626 individuals who are respon-
sible for the performance and utilization of disaster safety R&D
outcomes. The survey is conducted online, and 270 participants
take part in the survey. The National Disaster Management
Research Institute secures a list of disaster safety experts from local
governments and central ministries using official documents. The
socio-demographic characteristics of experts are as follows: there
are 210 males and 60 females. By age group, 7 participants are in
their 20s, 57 in their 30s, 116 in their 40s, 78 in their 50s, and 12 are
60 years or older. The main topics of the survey include evaluating
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Table 1. The summary of selected literature review

Authors Year  Summary

Aksnes 2017  There are methodological difficulties in measuring

etal. research productivity.

Basher 2013  The application of R&D can substantially reduce
losses of lives and property.

Callaghan 2016  R&D may contribute to improved real time disaster
response and resilience across contexts.

Chen 2011  R&D environment plays an important role in

etal. improving scores on the output-oriented R&D
efficiency index.

Hall 2007  Measuring R&D output needs knowledge of its private
depreciation or obsolescence rate.

Hamilton 2000 Implementing R&D measures has been slow, and it is
important to understand the factors that
contribute to R&D achievement.

Guoetal. 2014 Innovation outputs are significantly increased after
the R&D investment from the government.

Krichen 2024  technologies, such as remote sensing, radars and

et al. satellite imaging, internet of things, smartphones,
and social media, can be utilized in the
management of natural disasters.

Mansfield 1981  R&Dinvestments play an important role in innovative
output.

Shaw 2016  R&D for disasters have always existed in some form in
all countries.

Schneider 2018 It would be particularly useful if we could determine
why one governmental effort is evaluated to be a
success, while another is judged as a failure.

Winthrop 2002 A strong relation exists between government R&D

et al. expenditures and national technology
advancement.

Wu et al. 2021  The optimal proportion of expenditure for disaster

prevention and mitigation has always been a
difficult issue that people concern about.

research quality and expertise, technology development environ-
ment, and social and economic performance.”’

This study employs SEM to examine how we can improve
governments’ R&D for disaster and safety. SEM can be defined as
a class of methodologies, which tests to represent hypotheses about
the means, variances, and covariances of observed variables in
terms of a smaller number of structural parameters provided by a
hypothesized underlying conceptual or theoretical model.”" To be
specific, the SEM is an advanced statistical model that defines latent
variables representing unobservable abstract concepts using
observable measurement variables and identifies causal relation-
ships between latent variables. SEM constructs models to highlight
causal relationships between unobservable latent variables
(or constructs, e.g., attitudes) and observed variables (e.g., survey
responses).”” Structural equation models are particularly suitable
for empirically analyzing models with multiple dependent vari-
ables, as they allow for the simultaneous analysis of individual
explanatory variables and relationships for a series of dependent
variables.”

SEM is broadly divided into 2 techniques: Covariance Based-
Structural Equation Modelling (CB-SEM) and Partial Least
Squares-Structural Equation Modelling (PLS-SEM). CB-SEM is a
statistical method. CB-SEM is mainly utilized to confirm or reject
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theories and their underlying hypotheses. CB-SEM confirms or
rejects hypotheses by determining how closely a proposed theor-
etical model can reproduce the covariance matrix for the dataset of
the studies.”* CB-SEM uses a statistical model to estimate and test
correlations between dependent and independent variables and the
hidden structures in between.’”>*” PLS-SEM is a sequence of
regressions in terms of weight vectors, which obtain at convergence
satisfy fixed point equations. PLS-SEM is similar to using multiple
regression analysis, and the primary objective is to maximize
explained variance in the dependent constructs but additionally
to evaluate the data quality based on measurement model charac-
teristics. *7*7°

This paper employs CB-SEM because the methodology is more
appropriate when the data has enough samples, which is higher
than 200.”"~"” This study runs SPSS and AMOS 28 for the analysis
by applying the Maximum Likelihood estimation method.

The dependent variable consists of satisfaction, improvement,
and utility of R&D for disaster and safety. The independent vari-
ables are Professionality factors, environmental factors, and per-
formance factors. Professionality factors are measured by system,
reliability, and effort factors. Environmental factors are measured
by support and service factors. Performance factors are measured
by contribution, practicality, ability, and investment factors
(Figure 2). The final sample of this study is 268 experts because
2 experts have error values.

Results

Table 2 shows the descriptive statistics of the experts (Table 2). The
ratio of male and female is 208 (77.6%) and 60 (22.4%), and age is as
follows: 20s (7, 2.6%), 30s (57, 21.3%), 40s (115, 42.9%), 50s
(77, 28.7%), and 60 above (12, 4.5%). The institutes are central
institutes (78, 29.1%), local institutes (19, 7.1%), and other institutes
(171, 63.8%). Their specialized fields are classified into natural

Effort v

F Y

Reliability . - —{ Professionality

System ol .

Service v.._
h 3

Table 2. Socio-demographic characteristics

Seungil Yum

Category Variable Number  Percentage
Gender male 208 77.6
female 60 224
Age 20s 7 2.6
30s 57 213
40s 115 42.9
50s 7 28.7
60 above 12 4.5
Institute Central institutes 78 29.1
Local institutes 19 7.1
Other institutes 171 63.8
Related fields Natural disasters 76 28.4
Life safety 80 29.9
Social disasters 61 22.8
Mixed disasters 32 11.9
Other 19 7.1
R&D The Ministry of Interior and 54 20.1
relationship safety
Other 214 79.9
Career 1year 22 8.2
1~5 years 32 11.9
5~10 years 48 17.9
10~15 years 45 16.8
15 years above 121 45.1

A

Support Environment

Investment

v g

Ability Performance

Practicality

Contribution

Figure 2. SEM model.
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Table 3. Descriptive statistics

Category Variable Mean  Standard Deviation  Range

Professionality ~ System 2.638 0.865 0~4
Reliability 2.679 0.794 0~4
Effort 2.951 0.817 0~4

Environment Support 2.239 0.961 0~4
Service 2.343 0.933 0~4

Performance Contribution 2.746 0.876 0~4
Utility 2.679 0.888 0~4
Ability 3.474 0.711 0~4
Investment 3.358 0.768 0~4

Achievement Satisfaction 2.549 0.844 0~4
Improvement  2.638 0.779 0~4
Utility 2.623 0.791 0~4

Table 4. Standardized A

Variables Estimate

Effort <--- Professionality 734

Reliability <--- Professionality .887

System < Professionality .848

Service < Environment 915

Support <--- Environment 739

Investment < Performance .500

Ability <--- Performance .523

Practicality < Performance .878

Contribution <--- Performance 919

disasters (76, 28.4%), public safety (80, 29.9%), social disasters
(61, 22.8%), large-scale complex disasters (32, 11.9%), and others
(19,7.1%), respectively. The relationship with R&D is classified into
the Ministry of Interior and Safety (54, 20.1%) and the others
(214, 79.9%). Experience is classified into less than 1 year

Table 5. Validity test

(22, 8.2%), 1-5 years (32, 11.9%), 5-10 years (48, 17.9%), 10-15
years (45, 16.8%), and over 15 years (121, 45.1%).

This study employs Confirmatory Factor Analysis (CFA) before
running SEM to check whether the SEM is an appropriate model for
this study or not (see Table 3 for the descriptive statistics). CFA is
used to test the construct validity to see if the survey measured what
it intended to measure.””™" First, this study checks convergent
validity based on the standardized A values, which show the impact
of latent variables on observed variables. Values above 0.5 are
considered good, and values above 0.7 are considered excellent.
All variables in this study are higher than 0.5, and most variables are
higher than 0.7 (Table 4).

Next, this study examines Average Variance Extracted (AVE)
and Composite Reliability (C.R.). Generally, AVE values of 0.5
or higher, and C.R. values of 0.7 or higher, are recommended. In
this paper, AVE values are 0.759, 0.713, and 0.658, and
C.R. values are 0.904, 0.831, and 0.877, indicating very high
validity (Table 5). For discriminant validity, AVE values should
be greater than the square of the correlation coefficient, and the
difference between the correlation coefficient and twice the
standard error should not equal 1. This condition is met for all
variables in this paper.

Furthermore, this study tests Cronbach’s alpha value, which
verifies reliability by comparing the amount of shared variance or
covariance among the items making up an instrument to the
amount of overall variance.”” Generally, a Cronbach’s alpha coef-
ficient of 0.6 or higher, and more strictly, 0.7 or higher is considered
to indicate high reliability. In this paper, the coefficient is at least 0.8
(0.864, 0.807, and 0.824, respectively), demonstrating very high
reliability for the variables.

After running SEM, this study checks the validity of the model.
There are various methods for assessing the validity of a structural
equation model, such as RMR (root mean square residual), GFI
(Goodness Fit Index), NFI (Normed fit index), CFI (Comparative
Fit Index), and TLI (Tucker-Lewis index). Generally, an RMR
below 0.05 and other validity indices above 0.9 indicate an excellent
model. In this paper, RMR is 0.04, GFI is 0.9, NFI is 0.9, CFl is 0.9,
and TLI is 0.9 (Table 6).

The SEM results show that R&D performance leads to an
increase of 0.429 in R&D achievement (Tables 7 and 8; Figure 3).
Also, R&D professionality and R&D environment play an indir-
ectly positive role in achievement with coefficients of 1.124 and
0.354, respectively, whereas they do not have a direct impact on
achievement. In addition, R&D professionality exerts a significant

Unstandardized Standardized S.E. C.R. AVE CR. Cronbach’s a
Effort <--- Professionality 1 0.734 0.759 0.904 0.864
Reliability <--- Professionality 1.173 0.887 0.082 14.381
System < Professionality 1.222 0.848 0.089 13.763
Service <--- Environment 1 0.915 0.713 0.831 0.807
Support <--- Environment 0.832 0.739 0.064 12.916
Investment <—- Performance 1 0.500 0.658 0.877 0.824
Ability <--- Performance 0.977 0.523 0.15 6.528
Practicality < Performance 2.046 0.878 0.242 8.465
Contribution <--- Performance 2.113 0.919 0.247 8.566
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Table 6. The validity of the SEM model
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Table 8. SEM results

Criteria Model Environment Performance Achievement
RMR 0.05 below 0.04 Professionality ~ Total ***0.964 0.848
effect
GFI 0.9 above 0.9
Direct ***0.964 —-0.276
NFI 0.9 above 0.9 offect
CFl 0.9 above 0.9 Tidlias “x%1 124
TLI 0.9 above 0.9 effect
Environment Total ***0.827 1.166
effect
impact on R&D environment (0.964), and R&D environment has a ) ~
positive effect on R&D performance (0.827). D'r:fcftect 0.821 0812
A . Indirect ***0.354
Discussion effect
Disasters and safety accidents threaten citizens’ lives every day, Performance  Total 0.429
and it is one of the most important responsibilities of govern- effect
ments and policymakers to protect citizens and properties. In this Direct ***0.429
background, while many governments and researchers increase effect
their R&D inputs for disaster and safety issues, the relationship Indirect
between R&D inputs and outputs is barely highlighted in the effect

disaster fields by employing econometric models based on
experts’ perspectives. Therefore, this study explores the relation-
ship between R&D input and output factors for disasters and
safety by employing SEM.

This study includes some important findings which are consist-
ent with prior studies: first, this study finds that R&D performance
plays an important role in R&D achievement, which is consistent
with previous articles.””~** For example, Pandit et al. highlight that
R&D performance is positively associated with R&D achievement
based on the United States Patent and Trademark Office data, such
as patent applications, grants, and citations for US and non-US
firms, individuals, and government entities.”’

Table 7. Coefficient value

Note. The significance of the total effects for Professionality and Environment is not marked
because they show different direct and indirect effects.

Second, R&D professionality exerts a significant impact on R&D
achievement, which concurs with the prior research (e.g., Diéguez-
Soto et al., 2016; Gupta et al., 1986; Oxley & Sampson, 2004).°”%
For instance, Diéguez-Soto et al. show that professionalism in
management exerts a positive influence on innovation from both
technological and management perspectives through a survey ques-
tionnaire addressed to 583 managers of small and medium-sized
family firms in Murcia, Spain.®’

Unstandardized Standardized S.E. C.R.
Environment <--- Professionality ***1.223 0.964 0.096 12.759
Performance < Environment ***0.413 0.827 0.054 7.687
Achievement < Professionality -0.343 -0.276 0.6 -0.572
Achievement <--- Environment 0.797 0.812 0.517 1.541
Achievement <--- Performance ***0.842 0.429 0.198 4.26
Effort <--- Professionality 1 0.737
Reliability <--- Professionality ***1.152 0.874 0.081 14.253
System < Professionality ***1.236 0.861 0.088 14.038
Service <--- Environment 1 0.819
Support <--- Environment ***0.864 0.687 0.071 12.186
Investment < Performance 1 0.500
Ability < Performance ***0.965 0.518 0.148 6.525
Practicality < Performance ***2.054 0.884 0.24 8.557
Contribution <--- Performance ***2.095 0.914 0.242 8.645
Satisfaction < Achievement 1 0.887
Improvement <--- Achievement ***0.858 0.825 0.048 18.021
Utility < Achievement ***0.956 0.906 0.044 21.677
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Figure 3. SEM results.

Third, R&D environment plays a positive role in R&D achieve-
ment, which is a similar finding of previous studies (see e.g.,
Audretsch & Vivarelli, 1994; Teirlinck & Khoshnevis, 2020; Von
Zedtwitz & Gassmann, 2002).°*”"? Teirlinck and Khoshnevis report
thatan environment specialized in the focus firm’s activities exerts a
positive effect on R&D output efficiency based on the 122-space
research of active private firms from 2011-2015.%

Fourth, R&D professionality is positively related to R&D environ-
ment, which is a similar finding of previous articles (e.g., Malecki &
Bradbury, 1992; Parboteeah et al., 2005; Schumann Jr et al., 1995).”1773
For example, Parboteeah et al. report that professional development
activities are relevant to the work environment through 949 full-time
employed engineers of the R&D organization.””

Fifth, R&D environment has a positive effect on R&D perform-
ance, which is consistent with previous literature (e.g., Back & Lee,
2022; Hung & Chou, 2013; Pillai et al,, 2002).””"" Baek and Lee
(2022), using a large dataset of 1087 government-funded R&D
projects in Korea, highlight that environmental factors positively
affect R&D performance.

Conclusions

Governments’ expenditure and investments in R&D are funded by
taxpayers’ valuable contributions and should be effectively utilized

https://doi.org/10.1017/dmp.2025.17 Published online by Cambridge University Press
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to enhance R&D outputs. While many prior studies have examined
the relationship between R&D inputs and outputs, they have pri-
marily focused on business, innovation, and industrial sectors. In
contrast, the input factors influencing R&D outputs in the field of
disaster management have been scarcely addressed, even though
R&D technology and investments can play a crucial role in pro-
tecting citizens’ lives and property. In this context, this study
explores how R&D achievements for disaster and safety manage-
ment can be improved through using SEM.

This study shows several important results: first, this study
shows that R&D performance directly exerts a significant impact
on R&D achievement with the coefficient of 0.429. Second, while
professionality and environment of R&D do not show a direct effect
on achievement, they exhibit an indirect effect on it with the
coefficients of 1.124 and 0.354, respectively. Third, R&D profes-
sionality exerts a significant impact on R&D environment (0.964),
and R&D environment has a positive effect on R&D performance
(0.827). In sum, this study answers the hypotheses as follows:

1. R&D professionality exerts a positive impact on R&D environ-
ment.

R&D environment plays an important role in R&D performance.
R&D professionality indirectly affects R&D achievement.
R&D environment has an indirect effect on R&D achievement.
R&D performance has a direct effect on R&D achievement.

vk »N
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This study offers several important implications: First, govern-
ments and researchers should focus on enhancing R&D perform-
ance, including factors such as contribution, practicality, capability,
and investment, as these directly impact R&D outcomes. To achieve
this, governments and researchers could develop networks between
new R&D technologies, firms, and institutions to increase the
contribution and applicability of emerging technologies. Second,
governments and researchers should improve the professionalism
of the R&D environment and its outcomes. This could be achieved
by investing more in R&D systems, reliability, and efforts to create a
better environment for research and innovation. Third, policy-
makers and researchers should foster a more supportive R&D
environment to boost performance and outcomes. They should
aim to provide valuable support and services for experts and
professionals, enabling them to generate more and higher-quality
R&D outputs for their citizens.

This study makes significant contributions to both the theoret-
ical and practical frameworks in the disaster and safety literature.
First, methodologically, it demonstrates how R&D inputs have a
significant impact on R&D outputs in the disaster and safety field
by employing CB-SEM, a technique that can be used to confirm or
reject theories and their underlying hypotheses. The study confirms
the 5 hypotheses outlined above, and future researchers can use
these hypotheses to develop R&D research models based on the
factors related to R&D outputs in the disaster and safety sector.
Also, this study highlights the specific relationships and values
among R&D professionalism, R&D environment, R&D perform-
ance, and R&D achievement. Governments and R&D practitioners
can use these specific findings to inform the development of R&D
policies and procedures aimed at improving R&D outputs.

While the key strengths and advantages of this study lie in its
exploration of the relationship between R&D inputs and outputs, as
well as the specific paths and values in the disaster and safety field,
based on an empirical model and data from 268 trustworthy dis-
aster and safety experts hired by the national government using
CB-SEM, the study has some limitations. First, this study examines
the relationship between R&D inputs and outputs in the disaster
and safety field only in South Korea, and the relationship may differ
in other countries. Future international researchers should inves-
tigate how R&D inputs impact outputs in their respective countries.
Second, this study relies solely on data from 2021, and recent
developments in R&D may yield different results, as R&D changes
and evolves rapidly. Future research should incorporate the most
current data to further explore the association between R&D inputs
and outputs. Third, while this study draws on input from disaster
and safety experts, future research would be more comprehensive if
actual R&D input and output data (e.g., R&D expenditure in each
related field and patent numbers for disaster and safety technolo-
gies) are included. Future scholars could utilize such data to further
enhance the theoretical and methodological implications for R&D
inputs and outputs.

This study highlights how governments can improve R&D for
disasters and safety by employing CB-SEM. It offers both theoret-
ical and empirical perspectives, demonstrating that R&D profes-
sionalism, R&D environment, and R&D performance play a
significant role in R&D achievement based on econometric models.
By doing so, policymakers and safety practitioners can develop
disaster and safety policies informed by these specific frameworks
and values, which have not been emphasized in previous studies.
The study anticipates that these implications will enhance disaster
and safety R&D outputs and provide citizens with more secure and
stable environments through government initiatives.

https://doi.org/10.1017/dmp.2025.17 Published online by Cambridge University Press

Seungil Yum
Author contribution. Seungil Yum wrote the entire paper.
Funding statement. There was no funding.
References
1. Ritchie H, Rosado P, Roser M. Natural Disasters. Published

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2022. Accessed November 1, 2023. https://ourworldindata.org/natural-dis
asters.

. International Labour Organization. World Statistic. Published 2022.

Accessed November 1, 2023. https://www.ilo.org/moscow/areas-of-work/
occupational-safety-and-health/ WCMS_249278/lang-en/index.htm.

. Fichter K, Clausen J. Diffusion of environmental innovations: sector differences

and explanation range of factors. Environ Innov Soc Tr. 2021;38:34-51.

. Krichen M, Abdalzaher MS, Elwekeil M, et al. Managing natural disasters:

an analysis of technological advancements, opportunities, and challenges.
IoT and CPS. 2024;4:99-109.

. The National Emergency Management Agency. Disaster Ready Fund.

Published 2022. Accessed November 1, 2023. https://nema.gov.au/disas
ter-ready-fund.

. Jiyoung P. Science and Technology to Prevent and Respond to CBRN

Disasters: ROK and US Perspectives. Asan Institute for Policy Studies. 2014.

. Orsatti G. Government R&D and green technology spillovers: the Cher-

nobyl disaster as a natural experiment. ] Technol Transf. 2023;1-28.

. Wu X, Guo J, Wu X, et al. Disaster probability, optimal government

expenditure for disaster prevention and mitigation, and expected economic
growth. Economic Impacts and Emergency Management of Disasters in
China. 2021;3—44.

. Ye T, Wang Y, Wu B, et al. Government investment in disaster risk

reduction based on a probabilistic risk model: a case study of typhoon
disasters in Shenzhen, China. Int J Disaster Risk Sci. 2016;7:123—137.
Espada Jr R, Apan A, McDougall K. Spatial modelling of natural disaster
risk reduction policies with Markov decision processes. Appl Geogr. 2014;
53:284-298.

Lin TH. Governing natural disasters: state capacity, democracy, and human
vulnerability. Soc Forces. 2015;93(3):1267-1300.

Motoyama T. Optimal disaster-preventive expenditure in a dynamic and
stochastic model. ] Macroecon. 2017;51:28—47.

Klette TJ, Griliches Z. Empirical patterns of firm growth and R&D invest-
ment: a quality ladder model interpretation. Econ J. 2000;110(463):363—387.
Veugelers R. Collaboration in R&D: an assessment of theoretical and
empirical findings. De Economist. 1998;146:419-443.

Wang CH, Lu YH, Huang CW, et al. R&D, productivity, and market value:
an empirical study from high-technology firms. Omega. 2013;41(1):143-155.
Bilau J, Witt E, Lill I. Resilience of small and medium-sized enterprises to
flood risk: evidence from flood-prone areas in Estonia. J Risk Res. 2018;
21(11):1377-1394.

Zhou H, Wang J, Wan J, et al. Resilience to natural hazards: a geographic
perspective. Nat Hazards. 2010;53(1):21-41.

Berkes F, Ross H. Community resilience: toward an integrated approach.
Soc Natur Resour. 2013;26(1):5-20.

Cutter SL, Barnes L, Berry M, et al. A place-based model for understanding
community resilience to natural disasters. Glob Environ Change. 2008;
18(4):598-606.

Rose A. Economic resilience to natural and man-made disasters: multidis-
ciplinary origins and contextual dimensions. Environ Hazards. 2007;7(4):
383-398.

Norris FH, Stevens SP, Pfefferbaum B, et al. Community resilience as a
metaphor, theory, set of capacities, and strategy for disaster readiness.
Am J Community Psychol. 2008;41(1-2):127-150.

UNDRR (United Nations Office for Disaster Risk Reduction). Global
Assessment Report on Disaster Risk Reduction. Published 2022. Accessed
November 1, 2023. https://www.undrr.org/publication/global-assessment-
report-disaster-risk-reduction-2019.

IPCC (Intergovernmental Panel on Climate Change). Climate Change
2021: The Physical Science Basis. Published 2022. Accessed November 1,
2023. https://www.ipcc.ch/report/ar6/wgl/.


https://ourworldindata.org/natural-disasters
https://ourworldindata.org/natural-disasters
https://www.ilo.org/moscow/areas-of-work/occupational-safety-and-health/WCMS_249278/lang--en/index.htm
https://www.ilo.org/moscow/areas-of-work/occupational-safety-and-health/WCMS_249278/lang--en/index.htm
https://nema.gov.au/disaster-ready-fund
https://nema.gov.au/disaster-ready-fund
https://www.undrr.org/publication/global-assessment-report-disaster-risk-reduction-2019
https://www.undrr.org/publication/global-assessment-report-disaster-risk-reduction-2019
https://www.ipcc.ch/report/ar6/wg1/
https://doi.org/10.1017/dmp.2025.17

Disaster Medicine and Public Health Preparedness

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Klein RJT, Nicholls RJ, Thomalla F. Resilience to natural hazards: how
useful is this concept? Glob Environ Change Part B: Environ Hazards. 2003;
5(1-2):35-45.

Folke C, Carpenter S, Walker B, et al. Resilience thinking: Integrating
resilience, adaptability and transformability. Ecol Soc. 2010;15(4):20.
Paton D, Johnston D. Disasters and communities: vulnerability, resilience
and preparedness. Disaster Prev Manag. 2001;10(4):270-277.

Adger WN. Social and ecological resilience: are they related? Prog Hum
Geogr. 2000;24(3):347-364.

Alexander DE. Resilience and disaster risk reduction: an etymological
journey. Nat Hazards Earth Syst Sci. 2013;13(11):2707-2716.

Holling CS. Resilience and stability of ecological systems. Ann Rev Ecol Syst.
1973;4(1):1-23.

Gunderson LH. Ecological resilience—In theory and application. Ann Rev
Ecol Syst. 2000;31(1):425-439.31

Benali N, Abdelkafi I, Feki R. Natural-disaster shocks and government’s
behavior: evidence from middle-income countries. Int | Disaster Risk Reduct.
2018;27:1-6.

Masiero G, Santarossa M. Earthquakes, grants, and public expenditure: how
municipalities respond to natural disasters. ] Reg Sci. 2020;60(3):481-516.
Fahlevi H, Indriani M, Oktari RS. Is the Indonesian disaster response budget
correlated with disaster risk? Jambd ] Disaster Risk Stud. 2019;11(1):1-9.
Schneider SK. Governmental response to disasters: key attributes, expect-
ations, and implications. In: Rodriguez H, Donner W, Trainor JE, eds.
Handbook of Disaster Research. 2nd ed. Springer; 2018:551-568.
Hamilton RM. Science and technology for natural disaster reduction. Nat
Hazards Rev. 2000;1(1):56-60.

Aksnes DW, Sivertsen G, van Leeuwen TN, Wendt KK. Measuring the
productivity of national R&D systems: challenges in cross-national com-
parisons of R&D input and publication output indicators. Sci Public Policy.
2017;44(2):246-258.

Hall BH. Measuring the returns to R&D: the depreciation problem. National
Bureau of Economic Research Working Paper No. 13473. Published 2007.
Accessed November 23, 2024. http://www.nber.org/papers/w13473.

Melkers J. Bibliometrics as a tool for analysis of R&D impacts. In: Link AN,
ed. Evaluating R&D Impacts: Methods and Practice. Springer US; 1993:43-61.
Guo D, Guo J, Jiang K. Government subsidized R&D and innovation
outputs: an empirical analysis of China’s Innofund program. Stanford Center
for International Development Working Paper No. 494. Published 2014.
Mansfield E. Composition of R&D expenditures: relationship to size of
firm, concentration, and innovative output. Rev Econ Stat. 1981;63(4):
610-615.

Chen CP, HuJL, Yang CH. An international comparison of R&D efficiency
of multiple innovative outputs: the role of the national innovation system.
Innovation. 2011;13(3):341-360.

Winthrop MF, Deckro RF, Kloeber JM Jr. Government R&D expenditures
and US technology advancement in the aerospace industry: a case study.
J Eng Technol Manag. 2002;19(3-4):287-305.

Coccia M. Public and private R&D investments as complementary inputs
for productivity growth. Int J Technol Policy Manag. 2010;10(1-2):73-91.
Czarnitzki D, Hussinger K. Inputs and outputs additionality of R&D
subsidies. Appl Econ. 2018;50(12):1324-1341.

Hu JL, Yang CH, Chen CP. R&D efficiency and the national innovation
system: an international comparison using the distance function approach.
Bull Econ Res. 2014;66(1):55-71.46

Guellec D, Van Pottelsberghe de la Potterie B. Does government support
stimulate private R&D? OECD Econ Stud. 1997;95-122.

Levy DM. Estimating the impact of government R&D. Econ Lett. 1990;
32(2):169-173.

Luwel M. The use of input data in the performance analysis of R&D
systems. In: Moed HF, Glanzel W, Schmoch U, eds. Handbook of Quanti-
tative Science and Technology Research. Springer; 2004:315-338.

Su Y, Li D. Interaction effects of government subsidies, R&D input and
innovation performance of Chinese energy industry: a panel vector autoregres-
sive (PVAR) analysis. Technol Anal Strateg Manag. 2023;35(5):493-507.
National Disaster Management Research Institute. Investigation and
Analysis on Technology Level Related to Disaster and Safety
Management in 2021. National Disaster Management Research Institute,
Korea; 2021.

https://doi.org/10.1017/dmp.2025.17 Published online by Cambridge University Press

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Kaplan D. Structural equation modeling. In: Smelser NJ, Baltes PB, eds.
International Encyclopedia of the Social & Behavioral Sciences. Elsevier; 2001.
Ringle CM, Wende S, Becker JM. SmartPLS 4. Bénningstedt: SmartPLS;
2024. Accessed November 23, 2024. https://www.smartpls.com.

Yuan KH, Bentler PM. Structural equation modeling. In: Rao CR, Sinharay
S, eds. Handbook of Statistics. Vol 26. Elsevier; 2006:297-358.

Hair JF Jr, Hult GTM, Ringle CM, et al. An introduction to structural
equation modeling. In: Partial Least Squares Structural Equation Modeling
(PLS-SEM) Using R: A Workbook. Springer; 2021:1-29.

Sarstedt M, Hair JF, Ringle CM, et al. Estimation issues with PLS and
CBSEM: where the bias lies! ] Bus Res. 2016;69(10):3998-4010.

Dash G, Paul J. CB-SEM vs PLS-SEM methods for research in social
sciences and technology forecasting. Technol Forecast Soc Change. 2021;
173:1-12.

Afthanorhan WMABW. A comparison of partial least square structural
equation modeling (PLS-SEM) and covariance-based structural equation
modeling (CB-SEM) for confirmatory factor analysis. Int ] Eng Sci Innov
Technol. 2013;2(5):198-205.

Ali F, Kim WG, Li ], Cobanoglu C. A comparative study of covariance and
partial least squares-based structural equation modeling in hospitality and
tourism research. Int ] Contemp Hosp Manag. 2018;30(1):416—435.
Zhang MF, Dawson JF, Kline RB. Evaluating the use of covariance-based
structural equation modeling with reflective measurement in organizational
and management research: a review and recommendations for best practice.
Br ] Manag. 2021;32(2):257-272.

Marsh HW, Morin AJ, Parker PD, et al. Exploratory structural equation
modeling: an integration of the best features of exploratory and confirma-
tory factor analysis. Annu Rev Clin Psychol. 2014;10:85-110.

Schreiber JB, Nora A, Stage FK, et al. Reporting structural equation
modeling and confirmatory factor analysis results: a review. | Educ Res.
2006;99(6):323-338.

Birren JE. Encyclopedia of Gerontology. 2nd ed. Academic Press; 2007.
Pandit S, Wasley CE, Zach T. The effect of research and development (R&
D) inputs and outputs on the relation between the uncertainty of future
operating performance and R&D expenditures. J Account Audit Finance.
2011;26(1):121-144.

Vanecek J. The effect of performance-based research funding on output of
R&D results in the Czech Republic. Scientometrics. 2014;98:657—-681.
Diéguez-Soto ], Duréndez A, Garcia-Pérez-de-Lema D, et al. Techno-
logical, management, and persistent innovation in small and medium
family firms: the influence of professionalism. Can J Adm Sci. 2016;33(4):
332-346.

Gupta AK, Raj SP, Wilemon D. A model for studying R&D-marketing
interface in the product innovation process. ] Mark. 1986;50(2):7—17.
Oxley JE, Sampson RC. The scope and governance of international R&D
alliances. Strateg Manag J. 2004;25(8-9):723-749.

Audretsch D, Vivarelli M. Small firms and R&D spillovers: evidence from
Italy. Rev Econ Ind. 1994;67(1):225-237.

Teirlinck P, Khoshnevis P. Within-cluster determinants of output effi-
ciency of R&D in the space industry. Omega. 2020;94:102039.

Von Zedtwitz M, Gassmann O. Market versus technology drive in R&D
internationalization: four different patterns of managing research and
development. Res Policy. 2002;31(4):569-588.

Malecki EJ, Bradbury SL. R&D facilities and professional labour: labour
force dynamics in high technology. Reg Stud. 1992;26(2):123-136.
Parboteeah KP, Hoegl M, Styborski R. How effective are professional
development activities for R&D engineers? ] High Technol Manag Res. 2005;
16(1):23-36.

Schumann PA Jr, Ransley DL, Prestwood DC. Measuring R&D perform-
ance. Res Technol Manag. 1995;38(3):45-54.

Baek SC, Lee DH. Role of professional autonomy and project commitment
in the Korean government—funded R&D projects. Sci Public Policy. 2022;
49(1):1-17.

Hung KP, Chou C. The impact of open innovation on firm performance:
the moderating effects of internal R&D and environmental turbulence.
Technovation. 2013;33(10-11):368-380.

Pillai AS, Joshi A, Rao KS. Performance measurement of R&D projectsin a
multi-project, concurrent engineering environment. Int J Proj Manag. 2002;
20(2):165-177.


http://www.nber.org/papers/w13473
https://www.smartpls.com
https://doi.org/10.1017/dmp.2025.17

	How Can We Improve the Government’s Research and Technology for Disasters and Safety?
	Literature Review
	Methodology
	Results
	Discussion
	Conclusions
	Author contribution
	Funding statement
	References


