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Abstract. The growth of business start-ups, especially small and medium-sized enterprises, has grown
due to their importance in driving economic development and creating jobs. However, many people who
establish businesses struggle to sustain them beyond five years and eventually close them down. The challenges
entrepreneurs face during their journeys are caused by the different risks and obstacles they face. In this
context, effective management of risks is necessary for entrepreneurs to recognize and reduce such risks. This
research article aims to construct a risk index for start-up businesses in SMEs by achieving expert consensus
on major risk elements during start-up stages using the Fuzzy Delphi Method (FDM). The study employed a
questionnaire developed through semi-structured interviews with entrepreneurs. Twenty one entrepreneurs
from three industries were selected as a sample for this study. Analysing data using Microsoft Excel FDM
showed four major risk factors affecting start-up businesses in small and medium-sized companies: Strategic
Risk, Entrepreneurial Traits, Financial Risk, and Operational Risk. Using these factors, it is possible to
generate a risk model for start-up firms within SMEs, which will serve as a guideline for entrepreneurs
and other stakeholders in Malaysia. In addition, this study also assigned a weightage for every risk factor
based on their priority. Lastly, using the weightage and basic formulation of the composite index, a general
mathematical formulation of the Enterprise Risk Management Index was developed for start-up businesses
in SMEs. Therefore, it will reduce the failure rate of start-up enterprises and increase the possibility of their
success.
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1. Introduction
The Malaysian government promotes entrepreneurship among Malaysians, especially the
younger generation, by providing financial support and organizing entrepreneurship programs.
SMEs also contribute to economic growth (Rahlin et al. [36]) and employment generation (Toku
et al. [42]). The Gross Domestic Product (GDP) contribution from Malaysia’s SME sector was
5.8 percent in 2019, an increase of 6.2 percent from 2018. Besides, SMEs encounter issues of
unemployment and improve their living style (Lim and Teoh [26]). Based on data from the
Department of Statistics Malaysia (2020), SMEs’ employment performance increased by 3.0%
in 2019 compared to the 2018 figure, which increased by about 3.2%, with their share of the
workforce rising from about 48.0% in the previous year to about 48.4% (Ministry of Entrepreneur
Development and Cooperatives [31]).

Nevertheless, many entrepreneurs suffer to remain viable in the initial five years of business
operation (Lim and Teoh [26]). The start-up stage is one of the stages in life cycle of business.
Entrepreneurs do not focus on harvesting at the start-up stage because it involves risks and
the possibility of failure (da Silva Piñeiro et al. [40]). In accordance with Weking et al. [45],
the failure rate in start-up stages could vary from 50% to 83%, and some estimates even reach
90%. A major reason is that these ventures are highly risky since they are limited in resources,
lack market experience, and deal with a rapidly changing environment. In addition, start-up
businesses are at risk of financial loss since they are not familiar enough with their own
businesses to make informed decisions (Rahman et al. [37]). For the sustainability and success
of start-ups, it is essential that they develop a proper risk management strategy that assists in
identifying, assessing, and prioritizing risks.

Enterprise Risk Management (ERM) is one of the approaches in risk management
that simultaneously manage all risks faced by entrepreneurs rather than traditional risk
management that deals with them individually (Gordon et al. [14], and Naseem et al. [34]).
It is crucial to implement practices of risk management as well as ERM in start-up SMEs
since they assist entrepreneurs or managers in managing the risks and problems that arise in
their businesses. Prior researchers showed ERM could serve as an efficient firm performance
measurement. Furthermore, some researchers have even included an index in their ERM to
measure firms’ risk management effectiveness. However, this method cannot be used by start-up
companies because they are limited in terms of resources. At this point, entrepreneurs should
focus more on managing risks than measuring performance. Suib et al. [41] employed the Fuzzy
Delphi Method (FDM) to identify and evaluate weights of significant risk factors in special
education mathematics to create a comprehensive risk management index.

This study focused on developing a risk model for business start-ups in SMEs and evaluating
their weightage using the FDM approach. The findings will then be used to construct an ERM
index for start-up businesses in SMEs. This formulation of an ERM index can be an alternative
measurement tool that can help entrepreneurs measure their level of risk and readiness to start
a new business.
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2. Literature Review
Risk management employs several strategies and tools to prevent direct and indirect losses.
These strategies emphasize its ability to react to environmental changes. Different types
and objectives of business require different approaches to risk management (Zoghi [50]).
According to Hamir and Sum [16], risk management is an approach that can be customized to
meet the organization’s specific needs; it is not a single, universal technique. Basically, risk
management processes involved identification of risks, estimation of risks, evaluation of
probability, measurement of potential impacts of events, reduction of risks, and elimination
their effect while investing as little resources as possible (Hamir and Sum [17]). ISO 31000
risk management defines risk assessment as identifying, analyzing, and evaluating risks. Risk
management consists of two approaches: traditional risk management, also referred to as
silo-based risk management, and enterprise risk management (Ade et al. [1], and Gordon et
al. [14]).

2.1 Enterprise Risk Management (ERM)
One of the most innovative and complicated areas of risk management is Enterprise Risk
Management (ERM) (Ferreira de Araújo Lima et al. [11]). It is used in the enterprise business
to recognize and handle every possible occurrence that may impact the company’s performance
and give a reasonable expectation that the company will reach its goals. In contrast with
traditional risk management approach, ERM, through a holistic approach, help entrepreneurs
to handle and manage risks and opportunities simultaneously and efficiently (Gordon et al. [14]).
So, with ERM, strategic, operational, financial, hazard, and other organizational risks are
combined and addressed all together.

ERM is implemented to evaluate the organizational performance of an organization (Ade et
al. [1], Ferreira de Araújo Lima et al. [11], Rehman and Anwar [38], Yakob et al. [47]). Rehman
and Anwar (2019) [38] investigated the function of ERM as a connector between company
strategy and SME success. The study discovered that business management influences SME
performance, with ERM as a moderator; however, ERM has a modest impact. Thus, the study
suggests that senior management must take strategic action to implement effective and suitable
ERM processes that boost profitability (Rehman and Anwar [38]).

Other previous studies found that ERM techniques significantly contribute to SMEs’
competitive advantage and performance. The study found that competitive advantage moderates
the relationship between ERM practices and SME performance. In addition, knowledge of
financial management moderates the interaction involving ERM practices and competitive
advantage (Yang et al. [48]). The findings of these two studies reveal the significance
of managerial leadership, financial literacy, and competitive advantage in ensuring the
effectiveness of ERM practices and finally contributing to improved SME performance.

Bensaada and Taghezout [6] designed an ERM system for SMEs comprising the
following five elements: foundations and context, modeling and evaluation, reaction and
treatment, monitoring and review, and communication and information (Hamir and Sum [17]).
The development of an ERM system aims to help SMEs engage in ERM with minimum resource
investment. It has been proven that ERM processes need to be user-friendly, accessible, and
tailored to different organizational needs (Bensaada and Taghezout [6]).
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2.2 Application of Index in Risk Management
Previous researchers have used integration mathematical approaches to enhance and refine
existing models. According to Hadi et al. [15], the index is a valuable systematic measure of
business development success that businesses use to monitor their innovation. Indexes are
also used in risk management to measure performance, such as the SME Worker Affective
(SWA) Index (Ushada et al. [43]), Human Development Index (HDI) (Aydogan [5]), Tourism
Sustainability Index (TSI) (Marchi et al. [28]), and European Performance Satisfaction Index
(Ghanian et al. [12]). In ERM, the index is used to quantify the connection between ERM and
company value (Gordon et al. [14], and Naseem et al. [34]).

Naseem et al. [34] investigated the function of ERM as the intermediary of corporate social
responsibility and business performance. The previous study measured a firm’s ERM using
the ERM Index (ERMI) created by Gordon et al. [14]. The goal of the ERMI is to integrate the
attainment of the four ERM goals outlined by the Committee of Sponsoring Organizations of the
Treadway Commission (COSO) into a single metric. The objectives include strategy, operations,
reporting, and compliance. The equation of ERMI used by these two previous studies is shown
in equation (2.1):

ERMI=
2∑

k=1
Strategyk +

2∑
k=1

Operationk +
2∑

k=1
Reportingk +

2∑
k=1

Compliancek . (2.1)

This formulation used two indicators to measure the achievement of each objective. According
to Gordon et al. [14] and Naseem et al. [34], this formulation of ERMI is a reasonable
measurement of the effectiveness of ERM. The researchers believed that ERMI could be an
effective measurement tool for ERM implementation. ERMI formulation developed by using
composite index that can combine all the component indices into one value. According to the
researchers, this approach needs to determine the combination weights by subjective or objective
weighting methods. The previous study developed a new method that used a combination of
these two methods: data and expert opinion (Chen et al. [8]).

2.3 Fuzzy Delphi Method (FDM)
The Fuzzy Delphi Method (FDM) effectively achieves experts’ agreement or consensus in
determining and validating model elements. The approach is widely used in various fields,
including entrepreneurship (Kor et al. [24], Kumar et al. [25], and Musa et al. [33]). In a
previous study by Mahdiraji et al. [27], FDM was utilized to screen the critical innovation
factors for efficient crowdfunding for entrepreneurial SMEs. The study used a Seven-Likert
scale questionnaire to gather experts’ opinions. The questionnaire items were identified through
a literature review (Mahdiraji et al. [27]). Other previous researchers also used a literature
review as the first step in developing the elements of the questionnaires. Then, they used FDM
to revalidate the aspects that influence the involvement of women in the Entrepreneurship
Scale (Musa et al. [33]).

Kumar et al. [25] also used literature review and FDM in the first stage of their study
to identify and finalise the potential risks in the green supply chain in the pharmaceutical
industry. Then, the researchers used fuzzy AHP to prioritize the risks. Previous researchers
applied a two-phase approach to determine career planning capabilities in job-based learning.
First, the study used document analysis and structured interviews to develop the expert
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questionnaire. They then distributed the expert questionnaire to 16 experts to get a consensus.
Using FDM, researchers also get priority for all elements (Marwan and Ali [29]). Based on prior
research, FDM is an appropriate strategy for this study to determine relevant risk variables
and weightage based on expert opinion.

3. Methodology
This study has implemented the fuzzy Delphi Method (FDM) to establish an expert agreement on
the risk variables associated with small—and medium-sized company start-ups. This approach
is more preferred than the Delphi method because its efficiency in manage questionnaires at
a lower cost (Jamil et al. [21]). This study used quantitative analysis, which facilitates the
interpretation of final results obtained from qualitative studies and enables the conversion of
qualitative values into quantitative values (Alfawaz and Alshehri [2]). A risk index for start-up
businesses in SMEs can be developed based on the risk model and weightage using the basic
formulation of a composite index.

3.1 Instrument
The items in the questionnaire used in this study were constructed to address five factors
found through semi-structured interviews conducted during the first phase of research (Fauzi et
al. [9,10]). Experts were asked to complete a seven-point questionnaire to obtain consensus on
the items. The seven-point score was chosen because it provides greater precision and accuracy
in the results. The Likert scale is used to measure attitudes, opinions, and perceptions of
individuals or groups of people (Iskamto et al. [20]).

3.2 Respondents
According to Ridhuan et al. [39], the minimum sample of experts for FDM is 10, and the
maximum is 50 experts. Thus, about twenty one experts among entrepreneurs from East Coast
Malaysia was chosen to answered the questionnaires. The study selected all experts by using a
purposive sampling approach. The experts were entrepreneurs from three industries: seven
from the traditional food industry, seven from the coffee industry, and seven from the batik
industry, with more than five years of experience in their respective fields. Marwan and Ali [29]
suggested that the invited experts should have a minimum of 5 years of work experience in
their industry to gain a wide range of diverse experiences and views on that field.

3.3 Data Analysis Procedure
This study utilized a formulated version of Excel created by Ridhuan et al. [39] to input the
collected information and obtain FDM results. Experts responded to a seven-point Likert scale
questionnaire, which was then converted into a fuzzy scale for analysis. Table 1 illustrates the
process of transforming the seven-point Likert scale into a seven-point fuzzy score based on the
level of consensus among the experts for each factor.

FDM consists of triangular numbers and fuzzy scores or evaluations. Two necessary
conditions for FDM are Triangular Fuzzy Numbers and a Fuzzy Evaluation Process.

(1) Triangular Fuzzy Number — the average value of fuzzy numbers
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Table 1. 7-Point fuzzy scale (Source: Ridhuan et al. [39])

Likert scale Level of agreement Fuzzy scale

7 Extremely Agree (0.9,1.0,1.0)

6 Very Agree (0.7,0.9,1.0)

5 Agree (0.5,0.7,0.9)

4 Moderate Agree (0.3,0.5,0.7)

3 Disagree (0.1,0.3,0.5)

2 Very Disagree (0.0,0.1,0.3)

1 Extremely Disagree (0.0,0.0,0.1)

(i) The threshold value, d must be less or equal to 0.2 (d ≤ 0.2):

d(m,n)=
√

1
3

[(m1 −n1)2 + (m2 −n2)2 + (m3 −n3)2] ,

where m1 = the minimum value, m2 = the reasonable value, m3 = the maximum
value.

(ii) The expert group agreement must be more or equal to 75% (expert consensus ≥ 75%).

(2) Fuzzy Evaluation Process — the process of accepting and ranking factors

The fuzzy score, Amax must be more or equal to α-cut 0.5 (Amax ≥ 0.5)

Amax = 1
3
× (m1 +m2 +m3).

4. Results and Discussion
Table 2 summarizes the risk components for business start-ups in SMEs identified during
the first analysis, which involved semi-structured interviews conducted among entrepreneurs
from three industries.

Table 2. Risk Factors for start-up businesses in SMEs (Source: Fauzi et al. [9,10])

Item label Risk factors

1 Entrepreneurial Traits

2 Financial Risk

3 Operational Risk

4 Political Risk

5 Strategic Risk

FDM has prerequisites to meet before accepting risks. The threshold value, d must be less
than 0.2, the experts’ agreement should be greater than 75%, and the Fuzzy Score, Amax should
be larger or equal to 0.5. Table 3 illustrates the results of the summarization of FDM analysis
result.
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Table 3. Summarization of FDM analysis result (Source: Author’s elaboration - based on the result of
formulated MICROSOFT EXCEL)

Risk factors

Condition of triangular fuzzy numbers Condition of
defuzzifica-
tion process Expert

consensusThreshold
value (d < 0.2)

Percentage of experts
group consensus (%)
(expert consensus ≥ 75%)

Fuzzy score
(Amax ≥ 0.5)

Entrepreneurial Traits 0.158 95.2% 0.870 Accepted

Financial Risk 0.193 90.5% 0.835 Accepted

Operational Risk 0.203 90.5% 0.816 Accepted

Political Risk 0.386 38.10% 0.663 Rejected

Strategic Risk 0.205 85.71% 0.838 Accepted

Result from Table 3 indicates that there are four risk factors are accepted by the experts
which are Entrepreneurial Traits, Financial Risk, Operational Risk, and Strategic Risk.
The percentage of expert consensus for Entrepreneurial Traits is the highest, at 95.2%, with a
d-value of 0.158. Meanwhile, Financial Risk and Operational Risk obtained the same percentage
of expert group consensus which is 90.5%, with d-value of 0.193 and 0.203, respectively.
The percentage of experts group consensus for Strategic Risk is 85.71% with a d-value of
0.205. It has resulted in Political Risk being rejected as one of the risk factors of business start-
ups in SMEs based on FDM analysis. It is because the percentage of experts group consensus
for Political Risk is 38.10%, which is lower than 75%.

In addition, the FDM approach enabled us to evaluate the prioritization of the risk factors
by getting the ranking of each element. The ranking is given based on value of Fuzzy Score (A).
In this study, weightage for accepted risk factors will be assigned by ranking, with the highest-
ranking factors receiving the most weight and the lowest-ranking factors receiving the least.
Table 4 shows the weightage assigned based on the FDM analysis result. Based on Table 4,
Entrepreneurial Traits is placed in first ranked, followed by Strategic Risk and Financial Risk.
The last ranked based on FDM analysis results is Operational Risk.

Table 4. The weightage assigned based on FDM analysis result (Source: Author’s elaboration - based on
the result of formulated MICROSOFT EXCEL)

Risk factors Fuzzy score (Amax) Position/Rank Weightage

Entrepreneurial Traits 0.870 1 4

Financial Risk 0.835 3 2

Operational Risk 0.816 4 1

Strategic Risk 0.838 2 3

This study found that Entrepreneurial Traits is the most crucial risk elements for business
start-ups in SMEs. This is in line with the qualitative result done in the first stage by Fauzi
et al. [10]. The Entrepreneurial Traits is one of the essential component in entrepreneurial
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process and play a central role in the formation of firms (Mishra and Zachary [32]). Several
previous studies have also found that entrepreneurs need to possess entrepreneurial traits to
be successful in their business ventures (Mashuda and Laily [30], and Vega-Gómez et al. [44]).
One of the important characteristics of entrepreneurs is a willingness to take risks since
the start-up business is exposed to various risks (Hoogendoorn et al. [19]). In addition, goal
orientation and entrepreneurial competence is one of the biggest success factors for start-up
businesses, according to Kim et al. [23]. Entrepreneurial traits can be measured by two variables:
attitude and experience (Alfawaz and Aljedani [3]).

The experts in this study accepted financial risk as one of the risk factors. This is consistent
with previous studies that agreed financial risk plays a crucial role in supporting start-up
businesses (Weking et al. [45], and Zobnina [49]). Another element that accepted to be one of
the risk components in business start-ups is Operational Risk. Brunner-Kirchmair and Wiener
[7] also noted that Operational Risk can occur due to inadequate or failed internal processes,
systems, or people or as a result of external forces. This is also supported by previous studies
done by Hirawati and Sijabat [18], Oláh et al. [35], and Xu [46]. Last but not least, Strategic
Risk is also accepted for the risk model of business start-ups in SMEs. Strategic Risk considered
second crucial risk factor after Entrepreneurial Traits. It has been confirmed by a number of
previous researchers who have studied Strategic Risk (Ambad et al. [4], Brunner-Kirchmair
and Wiener [7], and Jobo and Phyllis [22]).

Furthermore, the study found that experts had rejected Political Risk as one of the risk
elements in start-up business. This result contradicts to study by Fauzi et al. [10], which
considered Political Risk as one of the risk elements in start-up businesses. The reason is that
two participants during semi-structured interviews raised the topic of Political Risk. In addition,
the ranking and weighting of the four accepted risk factors, as shown in Table 4, are equivalent
to those of the qualitative study by Fauzi et al. [10]. Thus, the results strengthen the findings
of this study. As studied by previous studies, the composite index can be integrated into ERM
to measure performance (Gordon et al. [14], and Musa et al. [34]). Therefore, by using basic
formulation of composite index and this risk model, a general risk index for start-up businesses
in SMEs can be developed.

Composite index,

I− =
∑

(I iWi)∑
Wn

,

where i = 1,2,3,4, n = 1,2,3,4, I = index number, W =weightage.
Assuming that

∑
Wi =Wi .

This will give a composite index of the general function of the Enterprise Risk Management
Index (ERMI) for start-up businesses in SMEs.

I− =
∑

(I iWi)∑
Wn

= [W1
∑

(ET)i +W2
∑

(SR)i +W3
∑

(FR)i +W4
∑

(OR)i]
[W1 +W2 +W3 +W4]

= [4
∑

(ET)i +3
∑

(SR)i +2
∑

(FR)i +1
∑

(OR)i]
[4+3+2+1]
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= [4
∑

(ET)i +3
∑

(SR)i +2
∑

(FR)i +1
∑

(OR)i]
10

, (4.1)

where:

ET is Entrepreneurial Traits, SR is Strategic Risk, FR is Financial Risk,

OR is Operational Risk, i = 1,2,3,4 .

5. Conclusions and Recommendation
In conclusion, the study has identified four significant risk factors that experts have agreed
should be included in the risk model for start-up businesses: Entrepreneurial Traits, Strategic
Risk, Financial Risk, and Operational Risk. Each of these factors plays a critical role in the
success or failure of start-ups, particularly within the SME sector. The research has also
determined the weightage for each risk factor, as detailed in Table 4, providing a quantitative
basis for assessing the relative importance of each risk in the context of start-up enterprises.
These findings provide the development of risk models along with their weighting, which is
crucial for developing an innovative mathematical formulation of the ERM Index for start-up
businesses in SMEs (Fauzi et al. [10], and Ghazali et al. [13]).

Besides, this model is relevant to entrepreneurs and stakeholders because it gives a
structured framework for understanding and handling the risks involved in start-up business
ventures. As a decision-making tool, this risk model can serve as a guideline for entrepreneurs,
investors, and policy-makers. Also, this study provides a general formulation for developing
an innovative mathematical formulation of the ERM Index specifically targeted at start-up
businesses in SMEs. It allows start-ups to measure risk levels more precisely and manage
them more efficiently using the ERM Index. Ultimately, this can help entrepreneurs make
informed decisions and decrease failure probability while increasing long-term chances in highly
competitive and risky business settings.

One limitation of this study is that the experts selected for developing the risk model were
chosen specifically from entrepreneurs in three specific industries. This narrow focus may limit
the relevance of findings across different sectors. To enhance the robustness and applicability
of the risk model, it is suggested that future studies broaden the range of experts to include
entrepreneurs from various industries. In addition, future studies should include participation
from policy-makers, shareholders, academics, and investors. Additionally, conducting a survey
to gather feedback on the acceptance and practical implementation of the ERM Index in real-
world scenarios is recommended. This broader approach would provide a more comprehensive
understanding of the risks faced by start-up businesses and ensure that the ERM Index is
relevant and useful across different contexts.

Acknowledgement
This research was supported by Ministry of Higher Education (MOHE) through Fundamental
Research Grant Scheme (FRGS/1/2020/STG06/UNISZA/02/1).

Communications in Mathematics and Applications, Vol. 16, No. 1, pp. 15–27, 2025



24 Developing a Risk Index for Start-Up Businesses in SMEs Using the Fuzzy Delphi Method: S. N. M. Fauzi et al.

Competing Interests
The authors declare that they have no competing interests.

Authors’ Contributions
All the authors contributed significantly in writing this article. The authors read and approved
the final manuscript.

References
[1] I. Ade, M. Joseph and D. Francis, Enterprise risk management practices and survival of small and

medium scale enterprises in Nigeria, Studies in Business and Economics 15(1) (2020), 68 – 82,
DOI: 10.2478/sbe-2020-0007.

[2] K. M. Alfawaz and A. A. Alshehri, Applying artificial intelligence in supply chain
management, Communications in Mathematics and Applications 13(1) (2022), 367 – 377,
DOI: 10.26713/cma.v13i1.1976.

[3] K. M. Alfawaz and F. M. Aljedani, Construction of project management using information
system, Communications in Mathematics and Applications 13(2) (2022), 823 – 833,
DOI: 10.26713/cma.v13i2.2036.

[4] S. N. A. Ambad, J. V. Andrew and D. H. D. A. Amit, Growth challenges of SMEs: Empirical
evidence in Sabah, Malaysia, ASEAN Entrepreneurship Journal 6(1) (2020), 8 – 14, URL: https:
//ir.uitm.edu.my/id/eprint/43932/1/43932.pdf.

[5] S. Aydogan, Human Development Index (HDI), in: Encyclopedia of Sustainable Management,
S. Idowu, R. Schmidpeter, N. Capaldi, L. Zu, M. Del Baldo and R. Abreu (editors), Springer, Cham,
(2020), DOI: 10.1007/978-3-030-02006-4_557-1.

[6] I. Bensaada and N. Taghezout, An enterprise risk management system for SMEs: Innovative
design paradigm and risk representation model, Small Enterprise Research 26(2) (2019), 179 – 206,
DOI: 10.1080/13215906.2019.1624190.

[7] T. M. Brunner-Kirchmair and M. Wiener, Knowledge is power-conceptualizing collaborative
financial risk assessment, Journal of Risk Finance 20(3) (2019), 226 – 248, DOI: 10.1108/JRF-05-
2018-0083.

[8] R. Chen, Y. Ji, G. Jiang, H. Xiao, R. Xie and P. Zhu, Composite index construction
with expert opinion, Journal of Business & Economic Statistics 41(1) (2022), 67 – 79,
DOI: 10.1080/07350015.2021.2000418.

[9] S. N. M. Fauzi, P. L. Ghazali, A. A. A. Hadi, N. H. M. Foziah, R. A. Razak, J. Arifin, R. A. A. Rohim,
E. N. M. Zain and A. Afthanorhan, Analyzing risk factors of start-up business in SMEs: A qualitative
approach and ATLAS ti. procedure, International Journal of Academic Research in Business &
Social Sciences 13(9) (2023), 1478 – 1492.

[10] S. N. M. Fauzi, P. L. Ghazali, R. A. Rohim and R. A. Razak, Weighting risk factors for
start-up businesses in small and medium enterprises: A qualitative approach and ATLAS ti
procedure, Environment-Behaviour Proceedings Journal 8(SI15) (2023), 61 – 70, DOI: 10.21834/e-
bpj.v8iSI15.5072.

[11] P. Ferreira de Araújo Lima, M. Crema and C. Verbano, Risk management in SMEs: A systematic
literature review and future directions, European Management Journal 38(1) (2020), 78 – 94,
DOI: 10.1016/j.emj.2019.06.005.

Communications in Mathematics and Applications, Vol. 16, No. 1, pp. 15–27, 2025

http://doi.org/10.2478/sbe-2020-0007
http://doi.org/10.26713/cma.v13i1.1976
http://doi.org/10.26713/cma.v13i2.2036
https://ir.uitm.edu.my/id/eprint/43932/1/43932.pdf
https://ir.uitm.edu.my/id/eprint/43932/1/43932.pdf
http://doi.org/10.1007/978-3-030-02006-4_557-1
http://doi.org/10.1080/13215906.2019.1624190
http://doi.org/10.1108/JRF-05-2018-0083
http://doi.org/10.1108/JRF-05-2018-0083
http://doi.org/10.1080/07350015.2021.2000418
http://doi.org/10.21834/e-bpj.v8iSI15.5072
http://doi.org/10.21834/e-bpj.v8iSI15.5072
http://doi.org/10.1016/j.emj.2019.06.005


Developing a Risk Index for Start-Up Businesses in SMEs Using the Fuzzy Delphi Method: S. N. M. Fauzi et al. 25

[12] M. Ghanian, O. M. Ghoochani and J. C. Crotts, An application of European performance satisfaction
index towards rural tourism: The case of western Iran, Tourist Management Perspectives 11 (2014),
77 – 82, DOI: 10.1016/j.tmp.2014.04.005.

[13] P. L. Ghazali, A. A. A. Hadi, S. N. M. Fauzi, S. Lambak, M. S. Mahmud, N. H. M. Foziah,
M. A. Mohamed and E. N. M. Zain, Weighting a start-up business index for edible bird nest swiftlet
ranching industry: A qualitative method approach, International Journal of Academic Research in
Business and Social Sciences 13(4) (2023), 451 – 468, DOI: 10.6007/IJARBSS/v13-i4/16870.

[14] L. A. Gordon, M. P. Loeb and C.-Y. Tseng, Enterprise risk management and firm performance:
A contingency perspective, Journal of Accounting and Public Policy 28(4) (2009), 301 – 327,
DOI: 10.1016/j.jaccpubpol.2009.06.006.

[15] A. A. A. Hadi, P. L. Ghazali, N. H. M. Foziah, R. A. Razak and J. Arifin, The role of index for
assessment in business, The Journal of Management Theory and Practice 3(2) (2022), 84 – 89,
DOI: 10.37231/jmtp.2022.3.2.210.

[16] H. Hamir and R. M. Sum, An analysis of risk management processes and comparison with
ISO31000:2018, Asian Journal of Research in Business and Management 3(4) (2021), 16 – 30,
DOI: 10.55057/ajrbm.2021.3.4.3.

[17] H. Hamir and R. M. Sum, Risk management processes developed for businesses, in: Proceedings of
the Asia E-Conference Business, Education, Social Sciences and Technology 2021, Kuala Lumpur,
Malaysia, pp. 100 – 114, (2021).

[18] H. Hirawati and Y. P. Sijabat, Analysis of risk management on MSMEs (Case study of the
bamboo handicraft industry), Jurnal REKOMEN (Riset Ekonomi Manajemen) 4(1) (2020) 56
– 65, DOI: 10.31002/rn.v4i1.2977.

[19] B. Hoogendoorn, P. van der Zwan and R. Thurik, Sustainable entrepreneurship: The
role of perceived barriers and risk, Journal of Business Ethics 157 (2019), 1133 – 1154,
DOI: 10.1007/s10551-017-3646-8.

[20] D. Iskamto, P. L. Ghazali, A. Afthanorhan, R. A. A. Rohim, J. Arifin, E. N. A. Zain and R. A. Razak,
Impact of compensation and work environment on employee performance during the covid
19 pandemic: Investigations on educational institutions, Communications in Mathematics and
Applications 14(5) (2024), 1871 – 1887, DOI: 10.26713/cma.v14i5.1780.

[21] M. R. M. Jamil, A. T. M. Hashim, M. S. Othman, A. M. Ahmad, N. M. Noh and M. F. M. Kamal,
Digital pedagogy policy in Technical and Vocational Education and Training (TVET) in Malaysia:
Fuzzy Delphi Approach, Journal of Technical Education and Training 15(2) (2023), 1 – 10,
URL: https://publisher.uthm.edu.my/ojs/index.php/JTET/article/view/13191.

[22] D. Jobo and C. Phyllis, Entrepreneurial risk management challenges within the Maritime SMEs
subsector of South Africa, Academy of Entrepreneurship Journal 26(2) (2020), 1 – 19.

[23] B. Kim, H. Kim and Y. Jeon, Critical success factors of a design startup business, Sustainability
10(9) (2018), 2981, DOI: 10.3390/su10092981.

[24] A. L. Kor, F. Kordistani, A. Hosseinkhah and Y. Delgshaei, Use of fuzzy delphi method to design a
local model of entrepreneurship education, Curriculum Research 3(1) (2022), 59 – 71.

[25] A. Kumar, E. K. Zavadskas, S. K. Mangla, V. Agrawal, K. Sharma and D. Gupta, When risks need
attention: Adoption of green supply chain initiatives in the pharmaceutical industry, International
Journal of Production Research 57(11) (2019), 3554 – 3576, DOI: 10.1080/00207543.2018.1543969.

[26] C. H. Lim and K. B. Teoh, Factors influencing the SME business success in Malaysia, Annals of
Human Resource Management Research 1(1) (2021), 41 – 54, DOI: 10.35912/ahrmr.v1i1.380.

Communications in Mathematics and Applications, Vol. 16, No. 1, pp. 15–27, 2025

http://doi.org/10.1016/j.tmp.2014.04.005
http://doi.org/10.6007/IJARBSS/v13-i4/16870
http://doi.org/10.1016/j.jaccpubpol.2009.06.006
http://doi.org/10.37231/jmtp.2022.3.2.210
http://doi.org/10.55057/ajrbm.2021.3.4.3
http://doi.org/10.31002/rn.v4i1.2977
http://doi.org/10.1007/s10551-017-3646-8
http://doi.org/10.26713/cma.v14i5.1780
https://publisher.uthm.edu.my/ojs/index.php/JTET/article/view/13191
http://doi.org/10.3390/su10092981
http://doi.org/10.1080/00207543.2018.1543969
http://doi.org/10.35912/ahrmr.v1i1.380


26 Developing a Risk Index for Start-Up Businesses in SMEs Using the Fuzzy Delphi Method: S. N. M. Fauzi et al.

[27] H. A. Mahdiraji, S. H. R. Hajiagha, V. Jafari-Sadeghi, D. Busso and A. Devalle, Towards financing
the entrepreneurial SMEs: exploring the innovation drivers of successful crowdfunding via a
multi-layer decision-making approach, European Journal of Innovation Management 27(7) (2023),
2275 – 2301, DOI: 10.1108/EJIM-12-2021-0618.

[28] D. D. Marchi, R. Becarelli and L. D. Sarli, Tourism sustainability index: Measuring tourism
sustainability based on the ETIS toolkit, by exploring tourist satisfaction via sentiment analysis,
Sustainability 14(13) (2022), 8049, DOI: 10.3390/su14138049.

[29] H. Marwan and A. Ali, Experts’ consensus to identify elements of career management competencies
in Work-Based Learning (WBL) program using Fuzzy Delphi Analysis, International Journal of
Emerging Technology in Learning 14(20) (2019), 73 – 86, URL: https://www.learntechlib.org/p/
217107/.

[30] A. Mashuda and N. Laily, Entrepreneurial skills dan entrepreneurial attitude mahasiswa
akuntansi, Jurnal Pendidikan Ekonomi 9(2) (2021), 72 – 76, DOI: 10.26740/jupe.v9n2.p72-76.
(in Bahasa Indonesia).

[31] Ministry of Entrepreneur Development and Cooperatives, Share of SMEs in the Malaysian Economy
Expanded further in 2019 (August 3, 2020), https://smecorp.gov.my/images/press-release/2020/PR_
3augBI.pdf.

[32] C. S. Mishra and R. K. Zachary, The theory of entrepreneurship, Entrepreneurship Research Journal
5(4) (2015), 251 – 268, DOI: 10.1515/erj-2015-0042.

[33] M. S. Musa, S. F. M. Pauzi, I. I. C. J. Mahmud, M. A. Zainal, S. Rahman and Z. Yaacob, Revalidation
of Women’s fishermen’s participation scale in entrepreneurship: A Fuzzy Delphi Method (FDM),
International Journal of Academic Research in Business and Social Sciences 12 (2022), 644 – 652,
DOI: 10.6007/IJARBSS/v12-i9/14857.

[34] T. Naseem, F. Shahzad, G. A. Asim, I. U. Rehman and F. Nawaz, Corporate social responsibility
engagement and firm performance in Asia Pacific: The role of enterprise risk management,
Corporate Social Responsibility and Environmental Management 27(2) (2020), 501 – 513,
DOI: 10.1002/csr.1815.

[35] J. Oláh, Z. Virglerova, J. Popp, J. Kliestikova and S. Kovács, The assessment of non-financial
risk sources of SMES in the V4 countries and Serbia, Sustainaibility 11(17) (2019), 4806,
DOI: 10.3390/su11174806.

[36] N. A. Rahlin, Z. Awang, M. Z. A. Rahim and A. S. Bahkia, The impact of employee safety climate on
safety behavior in small & medium enterprises: An empirical study, Humanities & Social Sciences
Reviews 8(3) (2020), 163 – 177, DOI: 10.18510/hssr.2020.8318.

[37] M. A. Rahman, P. L. Ghazali and C. J. Lian, Environmental parameters in successful edible bird
nest swiftlet houses in Terengganu, Journal of Sustainability Science and Management 13(1)
(2018), 127 – 131.

[38] A. U. Rehman and M. Anwar, Mediating role of enterprise risk management practices between
business strategy and SME performance, Small Enterprise Research 26(2) (2019), 207 – 227,
DOI: 10.1080/13215906.2019.1624385.

[39] M. J. M. Ridhuan, O. M. Syaubari and M. N. Nurulrabihah, Evolution of the fuzzy Delphi analysis
template (FDMv2.0) development for impact studies, AIP Conference Proceedings 2750(1) (2024),
040048, DOI: 10.1063/5.0150051.

[40] F. da Silva Piñeiro, J. M. de Oliveira, A. C. da Cruz and T. Z. Patias, Business models on
startups: A multicase study, Revista De Administração Da UFSM 10(5) (2017), 792 – 807,
DOI: 10.5902/1983465929161.

Communications in Mathematics and Applications, Vol. 16, No. 1, pp. 15–27, 2025

http://doi.org/10.1108/EJIM-12-2021-0618
http://doi.org/10.3390/su14138049
https://www.learntechlib.org/p/217107/
https://www.learntechlib.org/p/217107/
http://doi.org/10.26740/jupe.v9n2.p72-76
https://smecorp.gov.my/images/press-release/2020/PR_3augBI.pdf
https://smecorp.gov.my/images/press-release/2020/PR_3augBI.pdf
http://doi.org/10.1515/erj-2015-0042
http://doi.org/10.6007/IJARBSS/v12-i9/14857
http://doi.org/10.1002/csr.1815
http://doi.org/10.3390/su11174806
http://doi.org/10.18510/hssr.2020.8318
http://doi.org/10.1080/13215906.2019.1624385
http://doi.org/10.1063/5.0150051
http://doi.org/10.5902/1983465929161


Developing a Risk Index for Start-Up Businesses in SMEs Using the Fuzzy Delphi Method: S. N. M. Fauzi et al. 27

[41] A. F. Suib, P. L. Ghazali, N. Alias, M. A. Mohamed and A. Halim, An approach of Fuzzy
Delphi Method (FDM) to develop the risk management index in special education mathematics,
Contemporary Mathematics 5(3) (2023), 2913 – 2925, DOI: 10.37256/cm.5320243545.

[42] L. I. Toku, F. Takyi, S. Dzisi and J. Ofori-Amanfo, SME growth and performance: Examining
performance dimensions, drivers and barriers, International Journal of Technology and
Management Research 5(2) (2020), 36 – 47, DOI: 10.47127/ijtmr.v5i2.88.

[43] M. Ushada, G. K. Aji, T. Okayama and M. Khidir, SME Worker Affective (SWA) index based on
environmental ergonomics, IOP Conference Series: Materials Science and Engineering 337 (2018),
012037, DOI: 10.1088/1757-899X/337/1/012037.

[44] F. I. Vega-Gómez, F. J. M. González, A. C. Mera and J. Pérez-Mayo, Antecedents of entrepreneurial
skills and their influence on the entrepreneurial intention of academics, SAGE Open 10(2) (2020),
2158244020927411, DOI: 10.1177/2158244020927411.

[45] J. Weking, T. Böttcher, S. Hermes and A. Hein, Does business model matter for startup success? A
quantitative analysis, in: Proceedings of the 27th European Conference Information Systems (ECIS
2019), Stockholm & Uppsala, Sweden, June 8-14, 2019, pp. 1 – 11, (2019).

[46] H. Xu, Research on financing mode and risk prevention of supply chain in small and medium-sized
enterprises, in: Proceedings of the 2017 2nd International Conference on Modern Management,
Education Technology, and Social Science (MMETSS 2017), pp. 138 – 145, Atlantis Press (2017),
DOI: 10.2991/mmetss-17.2017.28.

[47] S. Yakob, Hafizuddin-Syah B.A.M., R. Yakob and N. A. M. Raziff, The effect of enterprise risk
management practice on SME performance, The South East Asian Journal of Management 13(2)
(2019), 151 – 169, DOI: 10.21002/seam.v13i2.11785.

[48] S. Yang, M. Ishtiaq and M. Anwar, Enterprise risk management practices and firm performance,
the mediating role of competitive advantage and the moderating role of financial literacy, Journal
of Risk and Financial Management 11(3) (2018), 35, DOI: 10.3390/jrfm11030035.

[49] M. Zobnina, Chapter 7 Startup development, investments, and growth barriers, in: Emerging
Markets and the Future of the BRIC Nations, Edward Elgar Publishing, Cheltenham, UK, pp. 111 –
124, (2015), DOI: 10.4337/9781783479764.00015.

[50] F. S. Zoghi, Risk management practices and SMEs: An empirical study on Turkish
SMEs, International Journal of Trade, Economics and Finance 8(2) (2017), 123 – 127,
DOI: 10.18178/ijtef.2017.8.2.550.

Communications in Mathematics and Applications, Vol. 16, No. 1, pp. 15–27, 2025

http://doi.org/10.37256/cm.5320243545
http://doi.org/10.47127/ijtmr.v5i2.88
http://doi.org/10.1088/1757-899X/337/1/012037
http://doi.org/10.1177/2158244020927411
http://doi.org/10.2991/mmetss-17.2017.28
http://doi.org/10.21002/seam.v13i2.11785
http://doi.org/10.3390/jrfm11030035
http://doi.org/10.4337/9781783479764.00015
http://doi.org/10.18178/ijtef.2017.8.2.550

	Introduction
	Literature Review
	Enterprise Risk Management (ERM)
	Application of Index in Risk Management
	Fuzzy Delphi Method (FDM)

	Methodology
	Instrument
	Respondents
	Data Analysis Procedure

	Results and Discussion
	Conclusions and Recommendation
	References

