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Abstract: Due to its crucial role in economic growth and job creation, there has been a notable increase in start-up 
businesses, particularly small and medium enterprises (SMEs). Many start-up entrepreneurs, however, struggle to 
sustain their businesses beyond the first five years, and some ultimately fail. This can be attributed to their various 
risks and challenges during their entrepreneurial journey. Consequently, risk management emerges as a valuable 
tool for entrepreneurs to identify and effectively address these risks. Hence, this research paper aims to devise a new 
mathematical formulation for the risk management index of start-up businesses in SMEs, employing qualitative 
and quantitative approaches. Interviews were conducted with experts to identify the risk factors specific to start-up 
businesses, and the data collected was subsequently analyzed using the Atlas ti software. Furthermore, a mathematical 
formulation for the risk management index was developed using a fundamental composite index formulation. The 
findings reveal the presence of five distinct risk factors in start-up businesses within SMEs. A mathematical formulation 
and a key indicator index were also established for assessing start-up business readiness in SMEs. These formulations 
and key indicator indexes are pivotal in enabling entrepreneurs to gauge their readiness for a new business venture. The 
findings contribute to alternative risk management tools for SMEs, especially for small businesses that are just getting 
started.
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1. Introduction
Being SMEs play a significant role in the global economy [1, 2] accounting for approximately 90% of businesses 

and over 50% of employment worldwide. They are crucial contributors to GDP and job creation [3]. Over the years, 
SMEs have increasingly become key players in economic growth. Even during the 1998-1999 Asian Financial Crisis, 
SMEs demonstrated greater resilience than larger enterprises [4]. These positive contributions of SMEs in Malaysia 
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have motivated individuals to engage in small businesses, aspiring to improve their living standards and income levels. 
Governments worldwide have supported start-ups to stimulate economic growth and employment opportunities [5]. 
Consequently, the number of start-up businesses has been rising with government backing. However, SMEs face 
numerous challenges in maintaining long-term viability and remaining competitive in an ever-changing market. As a 
result, many start-ups encounter difficulties and experience failure [6, 7]. 

Therefore, effective risk management becomes crucial in addressing unforeseen and unpredictable issues in 
business, such as political turmoil, economic conditions, natural disasters, and technological advancements [8]. A well-
functioning risk management approach aims to control future outcomes rather than reactively responding proactively. 
By doing so, it can mitigate potential risks while minimizing the impact of potential losses. Enterprise Risk Management 
(ERM), a distinct aspect of risk management, has been widely used in various industries to identify and manage 
potential events that may impact a company, providing reasonable assurance of goal achievement. The risk management 
process involves three fundamental steps: identification, analysis, and evaluation, as outlined in the ISO 31000:2018 risk 
management guideline [9]. Risk assessment, one of the steps in risk management procedure, which utilizes indicators, 
has been implemented across multiple industries [10-13]. 

The use of indices and indicators as a measurement and assessment technique has been widespread in many fields. 
Using Customer Satisfaction Indices, for example, a nation or company was able to gauge the quality of its output [14]. 
The performance of the company can also be measured through indices, such as Key Performance Indexes [15] and 
Construction Performance Indexes [16]. In SMEs, there is enterprise risk management indexes for Shariah-compliant 
companies as a measurement tool for ERM implementation [17]. However, no study has been conducted on the ERM 
index for start-up companies in SMEs. Entrepreneurs face many risks, particularly in start-up businesses, which makes it 
important to have an ERM index in place. In previous index applications, different indicators were given equal weights 
[18], which led to less accurate results since each indicator has a different significance and weight. Another researcher 
previously developed the concept of integrated risk perception, management, and response for SMEs and start-ups. This 
concept uses a web-based platform and cloud database to provide early risk assessments [19], but a literature review is 
all that is used for the actual risk assessments.

This paper contributes to the literature in several important ways. This paper extends our understanding of risk 
factors for start-up businesses among SMEs. Previous studies have focused primarily on SMEs and risk factors [20-24]. 
It is important to gain a broader understanding of risk factors associated with start-up businesses in SMEs by examining 
the risks they face, which will assist new entrepreneurs in sustaining their businesses, as we know that the first five 
years of business are the most critical periods for entrepreneurs. Furthermore, we enhanced the study methods because 
most previous studies used quantitative and statistical analysis. A combination of qualitative analysis and mathematical 
formulation was used in this study. Finally, as many previous researchers have studied ERM [25-28], this study adds 
value to an alternative approach to ERM specifically designed for SMEs as well as start-up companies. 

As an alternative technique for ERM, this study intends to develop a mathematical formulation of an ERM index 
and key indicators for start-up businesses in SMEs. In addition, this study aims to identify the risk factors of start-up 
businesses in SMEs and evaluate their weightage as crucial components of risk assessment and the development of the 
new risk management index. 

2. Literature review
In addition to their strong impact in all economic sectors, SMEs are known for their focus on innovation and their 

ability to adapt quickly to market changes [29]. As a result, SMEs depend on these characteristics to survive, and if 
they lack any of these characteristics, they will not be able to survive. The importance of technologies and networking 
capabilities has also been found to indirectly influence the performance of SMEs in other studies. It is therefore crucial 
for entrepreneurs in SMEs to invest in new technologies and collaborate with customers, suppliers, and partners [30]. 
Furthermore, since any business requires financial resources to run, finances can pose a risk to SMEs, particularly the 
issue of capital funding. According to [31], most start-up SMEs are funded using personal savings, whereas few benefit 
from bank loans. The lack of market imperfections often causes SMEs to have difficulty securing capital and formal 
credit, especially in their start-up stages. 
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Risk management involves the identification, analysis, and proactive response to a range of risk factors inherent in 
a business’s lifecycle. Start-up businesses within SMEs are particularly susceptible to the impact of various risks due to 
their limited resources and structural characteristics compared to larger companies [32]. Therefore, understanding how 
to identify, analyse, and respond to different types of risks is crucial for their survival in today’s business environment. 
The techniques and tools used in risk management vary depending on the industry sector and the specific type of 
business, as each sector, especially within SMEs, has its own objectives and unique business requirements [9]. 

Various researchers and experts in the field have developed several risk management processes. Examples include 
the Risk Management for Agricultural Risks, the Risk-Based Thinking Framework, the Operational Risk Management 
for SMEs, and the Enterprise Risk Management System for SMEs [9]. These risk management processes differ, 
particularly in the number of steps they employ, allowing for customization based on specific business needs. For 
instance, there are risk management processes with four steps, five steps, seven steps, and nine steps. However, Hamir 
and Md Sum [9] argue that risk identification, risk analysis, risk treatment, and risk monitoring and review are sufficient 
for implementing risk management. These four steps are commonly found in most risk management processes, 
encompassing the fundamental aspects of risk management [9].

In their research, [8] conducted a systematic literature review using bibliometric tools to investigate risk 
management in SMEs. Their findings revealed that there are five critical processes involved in risk management for 
SMEs: risk identification, risk evaluation, risk treatment, monitoring and reporting, and context analysis. Among 
these processes, previous researchers have primarily focused on studying risk identification and risk evaluation [8]. 
The International Organization for Standardization’s ISO 311000:2018 Risk Management Guideline categorizes risk 
identification and evaluation as part of the risk assessment steps. [27] developed an Enterprise Risk Management 
System specifically designed for SMEs. It comprises five key components, with risk identification and risk assessment 
falling under component two within its multicycle process. However, there is another researchers do not combine risk 
identification and risk assessment as a single step in the risk management process for construction projects [9]. 

Risk identification is a crucial stage in which all potential losses and risks affecting a project’s progress are 
identified. [33] emphasise that risk identification involves recognising the possible sources of loss and risks for SMEs. 
This step should be carried out continuously and systematically. ISO 31000:2018 states that risk identification entails 
finding, recognising, and describing risks. This step is significant because the risks entrepreneurs or organisations face 
differ based on their respective sectors or industries. For instance, in the agricultural sector, risks may arise from weather 
conditions, pests, and climate changes [9]. In the risk-based thinking framework proposed by [34], risk identification 
includes a detailed description of risks, including their sources, potential events, consequences, and likelihood. The 
subsequent step is risk analysis, which involves measuring or estimating the potential frequency of losses and the 
potential impact of a risk on business operations [33]. In the context of small businesses, risk analysis aims to identify 
risks that significantly impact the business. In contrast, risk evaluation aims to determine the significance of the 
identified risks for the business. This step involves comparing the risk level obtained from the risk analysis stage [35]. 

Specific risk management processes incorporate risk identification and analysis into a single component, such as the 
enterprise risk management system developed by [27]. The researchers suggest that qualitative and quantitative methods 
can be employed for risk analysis and measurement [27]. Qualitative tools include literature review, interviews, expert 
judgment, strengths, weaknesses, opportunities, and threats (SWOT) analysis, brainstorming, and the Delphi technique. 
In contrast, quantitative tools encompass Monte Carlo Simulation, the Risk Matrix approach, Decision Tree Diagrams, 
and scenario analysis [8]. Risk assessment often involves using key indicators and indices to assess the ranking and 
level of risk [36]. [37] developed an enterprise risk management index to enhance existing enterprise risk management.

Previous researchers have examined various types of risks. According to [37], start-up businesses are exposed 
to six key risk factors: market risks, competitive risks, operational risks, people risks, legal and regulatory risks, and 
financial risks. [38] emphasize the importance of risk management in mitigating potential losses in project quality, 
schedule, and business operations costs. Additionally, the researchers identified specific risk factors in the context of a 
healthy kitchen restaurant start-up, including deficiencies in human resources, marketing, and finance [38]. Furthermore, 
[39] analysed internal and external risks affecting the operations, marketing, finance, and human resources of PT Oesodo 
Alam Mandiri, a start-up business. [40] discovered five risk factors in entrepreneurial risk: strategic risk, financial risk, 
environmental risk, market risk, and technological risk. These findings highlight that different sectors or industries face 
distinct types of risks, necessitating tailored approaches for risk management based on the objectives and nature of each 
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business.
Composite indexes have been used in many measurement and sustainability model [41-43] due to their role 

in simplifying complicated information to simple ones using simple mathematical statistics. Composite index is a 
unique indicator that can integrate two or more independent measurements in order to produce broader, ease-to-use 
metrics to evaluate management effectiveness so that improvise the overall progress in the management [41]. Besides, 
according to [42], composite index is a numerical or quantitative measures created from various factors that reflect a 
country’s performance in a given area. Composite indices are mathematical statistics created by combining complicated 
information into a simple one. [43] used composite index to develop leanness index for SMEs to measure the degree 
of lean adoption in the organization. Moreover, previous research developed enterprise risk management indexes for 
Shariah-compliant companies to effectively measure enterprise risk management implementation [17]. 

3. Methodology
This research aims to create a novel mathematical formulation for the risk management index and key indicators 

specific to start-up businesses in SMEs. A qualitative approach was utilized to identify and analyse the main risk factors 
in SMEs. The mathematical approach was then used to create a new risk management index for SMEs.

3.1 Qualitative approach

Before developing this mathematical formulation, an in-depth, face to face interview sessions were conducted from 
Sept 2022 until October 2022, with nine experts from SMEs in the East Coast region of Malaysia. All participants are 
entrepreneurs from SMEs who have at least five years of relevant experience. A semi-structured questionnaire was used 
for these interviews, aimed to identify the risk factors associated with start-up businesses in SMEs. Data can be gathered 
and structured using semi-structured expert interviews while maintaining an openness to including new and unexpected 
information in the interview. Following the recommendation by [44], the number of interview participants was between 
six and eight to ensure diverse perspectives were obtained. The sampling size for the study was determined based on the 
concept of saturation, which occurs when no new information can be obtained from additional data [45]. The interview 
sessions lasted between 30 to 55 minutes. 

Table 1. Seven steps of thematic analysis by Abdul Ghani et al. [46]

Step Descriptions

1 Uploading verbatim, video, or photograph as the primary document.

2 First-level coding: to identify the main construct or concept across the primary documents.

3 Second level coding: to review code names and re-code constructs or concepts as emerging themes and subthemes.

4 Naming themes and subthemes.

5 Identifying the association between themes and subthemes using the network diagram.

6 Preparing the quotation report and importing the network diagram.

7 Writing-finalizing analysis. 

Audio recordings were made during the interviews to avoid falsification and entirely focus on the conversation. 
Then, transcriptions were made for data analysis. Subsequently, the collected data underwent analysis using Thematic 
Analysis in the software Atlas ti, developed by [46] and involved seven steps (Table 1). It is worth noting that the 
approach would have been different if the observation had been conducted in a laboratory setting [47]. In first-level 
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coding, this study revealed five emerging subthemes and for second-level coding, the study identified emerging 
categories for all subthemes. These steps facilitated the identification of risk factors specific to start-up businesses in 
SMEs and served as a guide for developing a questionnaire on the topic. 

Additionally, the software enabled the creation of visual aids such as Sankey Diagrams and Code-Document 
Tables. These visual outputs proved valuable in determining the ranking and weighting of each risk factor for start-up 
businesses in SMEs. 

3.2 Mathematical approach

Based on the assigned weights, a comprehensive mathematical formulation for the risk management index of start-
up businesses in SMEs was developed, accompanied by establishing key indicators. The study utilizes the foundational 
mathematical formulation of a composite index, as [48] outlined. 

Index number
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0

,
100

QI
Q

=
×

where,
Q0 = Quantity at base time;
Q1 = Quantity at given time.
Composite index

( ) ,i i

n

I WI W
− = ∑ ∑

where,
i = 1, 2, 3, 4, 5;
n = 1, 2, 3, 4, 5;
I = index number;
W = weightage.
In this study we assume that i iW W=∑  [49].
Mathematical approach utilized the questionnaires that consists of five risk factors and their weightage found 

through qualitative approach (interview). The entire process for developing the new mathematical risk management 
index in this study is summarized in Table 2 below.

Table 2. Five steps for construction of new mathematical formulation risk management index

Step Descriptions

1 In-depth interview sessions with experts in SMEs for data collection method. 

2 Risk identification-seven steps of thematic analysis in atlas ti. developed by Abdul Ghani et al. [46].

3 Weightage development-sankey diagram and code document table in atlas ti. 

4 Construction of questionnaire based on five risk factors and their categories. 

5 New mathematical formulation of risk management index and key indicator risk index-using weightage and general 
formulation of composite index by Ghazali et al. [48]

Source: Authors’ elaboration

(1)
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4. Findings and discussion
This results in this study was divided into three sections; 1) Identification of Risk Factors for Start-up Businesses in 

SMEs; 2) Evaluation of weightage for risk factors of start-up businesses in SMEs; 3) Construction of new mathematical 
formulation for risk management index of start-up businesses in SMEs; 4) Development of key indicator for risk 
management index for start-up businesses in SMEs. 

4.1 Identification of risk factors for start-up businesess in SMEs

Using qualitative analysis, one theme and five subthemes was revealed in this study. The theme for this study is 
risk factors of start-up businesses in SMEs, while for subthemes are Strategic Risk, Financial Risk, Operational Risk, 
Political Risk, and Entrepreneurial Traits. In addition, there are several categories under each subtheme. For Strategic 
Risk, there are seven categories which are lack of planning, competition, lack of marketing strategy, human resource 
issues, location, changes among customer/in demand, and reputational risk. For Financial Risk, there are six categories; 
market/industry changes, capital issues, underperformance, economic condition, poor financial management, and cost 
pressure. Categories under Operational Risk are equipment failure, quality control process, production process, and 
logistic. There are six categories under Entrepreneurial Traits, which are visionary, passion, innovation, knowledge, 
risk-taking propensity, and skills. However, there is no categories under Political Risk. Illustration of the risk factors of 
start-up businesses in SMEs and its categories found in this study shown in Figure 1.

Source: Authors’ elaboration (developed using ATLAS.ti) 

Figure 1. Risk factors of start-up businesses in SMEs and its categories

4.2 Evaluation of weightage for risk factors of start-up businesses in SMEs

Furthermore, qualitative analysis using Atlas ti. also discovered the weightage of each risk factors using Sankey 
Diagram and Code-Document Table (CDT Table). Figure 2 shows the result of Sankey Diagram, while Figure 3 shows 
the result of CDT Table obtained from this study. According to Sankey Diagram in Figure 2, it is shows that Strategic 
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Risk are the most prominent area conquered, indicating that majority of participants had mention about this risk factor. 
In contrast, the less area is Political Risk, indicates only a few participants point out them. Financial Risk is the second 
most prominent topic discussed by the participants in this study, followed by Entrepreneurial Traits. The second least 
area conquered according to Sankey Diagram is Operational Risk.

Source: Authors’ elaboration (developed using ATLAS.ti)

Figure 2. Sankey diagram

Next, Code-Document Table (CDT) analysis in Figure 3 found the relative frequency for each risk factors and 
based on this results, we compute the ranking for each risk factors in start-up businesses in SMEs. Risk factors with 
the highest relative frequency placed at the first ranking, while risk factors with the lowest relative frequency placed 
at the last ranking of risk factors for start-up businesses in SMEs. Based on the CDT analysis, risk factors with the 
highest relative frequency is Strategic Risk with 99.36. Thus, Strategic Risk is placed at the first ranking for risk factors 
of start-up businesses in SMEs. The second ranking is Financial Risk because this risk factor has the second highest 
relative frequency with 56.87. Next is Entrepreneurial Traits with relative frequency is 30.86. The second last ranking 
is Operational Risk with the value of relative frequency is 14.65. Lastly, Political Risk has the lowest relative frequency 
which is 5.27, thus this study placed it at the last fifth ranking in the risk factors of start-up businesses in SMEs. The 
summarization of the ranking and total relative frequency for the risk factors of start-up businesses in SMEs according 
to CDT Analysis is shown in Table 3. 
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Source: Authors’ elaboration (developed using ATLAS.ti)

Figure 3. Code-document table

Table 3. Ranking and relative frequency for risk factors of start-up businesses in SMEs based on CDT analysis

Ranking Risk factors of start-up business in SMEs Relative frequency

1 Strategic risk 99.36

2 Financial risk 56.87

3 Entrepreneurial traits 30.86

4 Operational risk 14.65

5 Political risk 5.27

Source: Authors’ elaboration

Based on the result of Sankey Diagram and CDT analysis, the study revealed the most significant risk factor and 
the least significant risk factor. The risk factor with the highest relative frequencies and first ranking are considered the 
most significant. In contrast, the risk factor with the lowest number of relative frequencies and at the lowest ranking is 
considered the least significant. Thus, the study revealed the most significant risk factors of start-up businesses in SMEs 
is Strategic Risk, while the least significant factors of start-up businesses in SMEs is Political Risk. This finding is in 
line with previous researchers who studied the strategic risk is one of the critical risks faced by entrepreneurs [40, 49]. 
Even though this study found that Political Risk is least critical in risk factors of start-up businesses in SMEs, previous 
researchers still recognized political risk as one of the risk in SMEs [50-52]. Therefore, we cannot ignore this type of 
risk. We need to manage it to protect our assets and maximize returns carefully. Political risk can create uncertainty 
and instability that affect economic conditions. This, in turn, can lead to fluctuations in raw materials prices. These 
price changes can ripple through the global economy, affecting industries, businesses, and consumers and ultimately 
contributing to economic uncertainty and potential stakeholder challenges [53-55].

Then, this study developed a weightage for each risk factors based on result in Table 2. The weightage of each 
risk factors is determined based on its ranking in Table 2. For the risk factor placed in the first ranking, the weightage 
is the highest which is five, while for the risk factor placed in the last ranking, the weightage is the lowest which is one. 
Therefore, the weightage for Strategic Risk which is placed at the first ranking is five, while the weightage for Political 
Risk which is placed at the last ranking is one. Thus, the summarization for risk factors and its categories with their 
ranking and weightage is demonstrate in Table 4.
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Table 4. Ranking and weightage for risk factors and its categories

Ranking Risk factors Categories of risk factors Weightage

1 Strategic risk

Changes among customer/in demand

5

Reputational damage

Competition

Location

Lack of marketing strategy

Human resource issues

Lack of planning

2 Financial risk

Underperformance

4

Economic condition 

Poor financial management

Capital issues

Cost pressure

Market/industry changes

3 Entrepreneurial traits

Visionary

3

Passion

Innovation

Knowledge

Risk-taking propensity

Skills

4 Operational risk

Quality control process

2
Production process

Equipment failure

Logistic

5 Political risk - 1

Source: Authors’ elaboration

4.3 Construction of new mathematical formulation for risk management index of start-up businesses 
in SMEs

Once the risk factors are identified, and their weights are determined, the questionnaire can be designed. The items 
for the questionnaire was constructed based on the result in Table 4. A 10-point Likert scale (refer Figure 4) will be used 
to answer the questionnaires. Table 5 shows the questionnaires of risk factors for start-up businesses in SMEs with their 
weightage and formulation risk index. 
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Figure 4. Likert scale

Table 5. Questionnaires of risk factors of start-up businesses in SMEs with weightage and formulation risk index

Risk factors Statements Weightage Formulation risk index

Strategic risk

Our company rarely monitors, evaluates, and manages strategic risks.

5

7

1
i

i
a

=
∑

i = 1, 2, 3, 4, 5, 6, 7

We are slow to response to customer complaints.

Our employees lack work experience and skills.

Our ability to track changes in customer needs and wants is bad.

Our response to competitive moves in the marketplace is bad.

My company face employee turnover.

My company fails to promote our products continuously.

Financial risk

My company lacks a quality debt management plan.

4

7

1
i

i
b

=
∑

i = 1, 2, 3, 4, 5, 6, 7

My company has poor financial management.

I afraid to invest (buy goods) for business purposes.

My company often experience losses.

My company has capital issues.

Cost pressure nowadays effects my business.

Our business’ sales have declined in the past two years.

Entrepreneurial
traits

Being an entrepreneur is not my passion.

3

6

1
i

i
c

=
∑

i = 1, 2, 3, 4, 5, 6

I rarely identify the risk of every action taken in connection with the business.

I am not competent enough to solve difficult problems.

I am not confident to deal efficiently with unexpected events.

I cannot see myself as someone who makes plans and follows through with them.

I cannot see myself as someone who is original, comes up with new ideas.

Operational risk

Manufacturing of product always delayed, do not meet with the schedule.

2

5

1
i

i
d

=
∑

i = 1, 2, 3, 4, 5

My company do not implement quality control process, to check our final product.

There is lack of effective production process.

Equipment do not service regularly.

My company do not have proper management for logistic process.

Political risk
Political situation effects my business.

1

2

1
i

i
e

=
∑

i = 1, 2Political issues effect my business economically.

Source: Authors’ elaboration

(Strongly disagree) 1___ 2____3____4 ___ 5____6____7____8_____9____10 (Strongly agree)
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Finally, this study developed risk management index of startup business by modifying the basic formulation of 
composite index in equation 1 and finding from Table 5. From equation 1, Wi and Wn (weightage of the risk factors) can 
be assessed from Table 4, while Ii (index number for every risk factors) is the sum of the Likert scale ratings determined 
by entrepreneurs for each item in the questionnaire from Table 5. The detailed formulation of risk index for each risk 
factors is shown in Table 5. 

From the Table 5, the study developed the composite index of the general function of start-up business index for 
start-up businesses in SMEs as follow. 
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Where,
ai is the value of Likert scale answered by entrepreneurs’ perspective regarding Strategic Risk faced by them which 

consists of seven items. 
bi is the value of Likert scale answered by entrepreneurs’ perspective regarding Financial Risk faced by them which 

consists of seven items. 
ci is the value of Likert scale answered by entrepreneurs’ perspective regarding Entrepreneurial Traits faced by 

them which consists of six items. 
di is the value of Likert scale answered by entrepreneurs’ perspective regarding Operational Risk faced by them 

which consists of five items. 
ei is the value of Likert scale answered by entrepreneurs’ perspective regarding Political Risk faced by them which 

consists of two items. 

4.4 Development of key indicator for risk management index of start-up businesses in SMEs

There are three layers of key indicator that has been used in risk assessment for measuring the index. The key 
indicator for risk index of start-up businesses in SMEs will indicate the level of risk either it is high, medium or low 
level [56]. In order to determine the value for three layer of range which are high, medium and low level, we make 
an assumption that the respondent will answer the all items in questionnaire with highest Likert scale which is 10 and 
lowest Likert scale which is one. The calculation is shown as below using the equation 2 above. 
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6.2=

Range of differences Maximum range Minimum range= −

62 6.2= −

55.8=

Range of one layer Range of differences / 3=

55.8 / 3=

18.6=

Low range minimum 6.2=

Medium range minimum 6.2 18.6 24.8= + =

High range minimum 62 18.6 43.4= + =

Thus, the construction of key indicator for start-up risk index range is shown in Table 6.
Using this mathematical formulation (equation 2) and key indicator, entrepreneurs can measure their risk in their 

businesses. Having high marks indicates a high degree of risk, while low marks indicates a low degree of risk. This 
finding can be one of the alternative tool in risk management for SME that can help entrepreneurs to evaluate their 
level of risk in their business and measure their readiness to start a new business. It is important for entrepreneurs to 
implement additional risk management steps, like risk mitigation or risk transfer, even though the system has already 
been implemented [57-61].
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Table 6. Key indicator for start-up business risk index

Range

High 43.4-62.0

Medium 24.8-43.3

Low 6.2-24.7

Source: Authors’ elaboration

5. Conclusion and recommendations
A risk assessment, according to ISO 31000:2018, involves identifying, analysing, and evaluating risks. Thus, this 

research paper aims to create a mathematical framework for evaluating the risk management of start-up businesses, 
along with a key indicator for assessing this risk. Interviews with SME experts were conducted to identify the risks 
associated with start-up businesses in SMEs. The weightage for each risk factor was then determined using the Sankey 
Diagram and Code-Document Table in Atlas ti. software. By combining the weightage of risk factors with a composite 
index, a novel mathematical formulation for measuring the risk management index of start-up businesses in SMEs was 
devised. Additionally, a key indicator for the start-up business risk index was developed. 

This study identified five key risk factors for start-up businesses in SMEs: Strategic Risk, Financial Risk, 
Entrepreneurial Traits, Operational Risk, and Political Risk. Among these factors, Strategic Risk was found to be the 
most significant, while Political Risk was deemed the least significant. Furthermore, each risk factor is classified into 
several dimensions based on the findings of this study. A framework for identifying risk factors for start-up businesses 
in SMEs can be developed with these findings, which can serve as a guideline for new entrepreneurs, especially those 
who are just starting out. As well, it helped researchers design a set of questionnaires that would later be used to assess 
entrepreneurs’ readiness to start businesses.

Furthermore, the study determined the ranking and assigned a weightage to each risk factor. It has been stated 
previously that not all risks are created equal. Therefore, prioritising risks according to their likelihood and impact 
is essential. The classification and ranking of risks can enable entrepreneurs to focus on the most significant risks. 
The weightage also plays a crucial role in the development of the mathematical risk management index for start-up 
businesses in SMEs. This mathematical framework is essential for assessing the level of risk entrepreneurs face in 
their business ventures. It also gauges their preparedness to embark on a new business venture. This discovery holds 
significant value for entrepreneurs in SMEs, particularly those seeking to initiate a new business venture. 

This research offers fresh perspectives on risk management and Enterprise Risk Management tailored explicitly 
for start-up businesses. The findings of this study will prove highly advantageous for small and medium enterprises, 
especially start-ups, as they can serve as a reference point for evaluating their preparedness to enter the market. By 
doing so, businesses can effectively evade failure and ensure long-term sustainability. Moreover, entrepreneurs can 
leverage these identified risk factors to implement robust risk management procedures. Risk factors associated with 
start-up businesses in SMEs and the new mathematical formulation of ERM can be valuable tools for entrepreneurs, 
policymakers, and stakeholders. 

The findings can be a guideline before starting a new business. In this way, the potential for their business 
to fail will be decreased. Thus, SMEs, especially in Malaysia, can improve their performance and increase their 
economic output. In addition, this mathematical formulation can be an effective ERM for innovation and productivity. 
Policymakers may want to encourage start-ups to adopt this ERM tool to boost economic efficiency and competitiveness. 
The government may also emphasize well-designed policies to provide start up founders with training, resources, and 
mentorship to enhance their ERM abilities. These policies can foster an entrepreneurial culture while ensuring start-ups 
are prepared to manage risks effectively.

It is recommended that future investigations and research employ alternative analyses, such as Fuzzy Delphi, to 
validate the results of risk factor ranking and weightage. Comparing these findings can yield more profound insights 
into developing a risk management index system. In addition, future researchers can use quantitative analysis, such 
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as Structural Equation Modelling (SEM), to better understand the relationship among risk factors found in this study. 
Furthermore, this study suggests that future researchers explore the acceptance of this new system among entrepreneurs 
in SMEs.

Acknowledgments
This research was supported by Ministry of Higher Education (MOHE) through Fundamental Research Grant 

Scheme (FRGS/1/2020/STG06/UNISZA/02/1).

Conflict of interest
There is no conflict of interest for this study.

References
[1]	 Liu Y, Dilanchiev A, Xu K, Hajiyeva AM. Financing SMEs and business development as new post COVID-19 

economic recovery determinants. Economic Analysis and Policy. 2022; 76: 554-567.
[2]	 Kaya O. Determinants and consequences of SME insolvency risk during the pandemic. Economic Modelling. 2022; 

115: 105958.
[3]	 World Bank. Small and Medium Enterprises (SMEs) Finance. The World Bank; 2023.
[4]	 Chin YW, Lim ES. SME policies and performance in Malaysia. Journal of Southeast Asian Economies. 2018; 

35(3): 470-487.
[5]	 Kim B, Kim H, Jeon Y. Critical success factors of a design startup business. Sustainability. 2018; 10(9): 2981.
[6]	 Weking J, Böttcher T, Hermes S, Hein A. Does business model matter for startup success? A quantitative analysis. 

In: Twenty-Seventh European Conference on Information Systems (ECIS 2019). Sweden; 2019. p.1-11.
[7]	 Krishna A, Agrawal A, Choudhary A. Predicting the outcome of startups: Less failure, more success. In: 2016 IEEE 

16th International Conference on Data Mining Workshops (ICDMW). Barcelona, Spain: IEEE; 2016. p.798-805.
[8]	 de Araújo Lima PF, Crema M, Verbano C. Risk management in SMEs: A systematic literature review and future 

directions. European Management Journal. 2020; 38(1): 78-94.
[9]	 Hamir H, Md Sum R. An analysis of risk management processes and comparison with ISO31000:2018. Asian 

Journal of Research in Business and Management. 2021; 3(4): 16-30.
[10]	Rho C, Palma B. Working Papers A Sentiment-based Risk Indicator for the Mexican Financial Sector. Working 

Papers, Banco de México; 2021.
[11]	Slyva Y. Development of an algorithm for evaluation of a comprehensive risk management indicator in food safety 

management systems. Technology Audit and Production Reserves. 2021; 2/3(58): 31-36.
[12]	Aguiar MD, Beach D. Development of a Safety Performance Decision-Making Tool for Flight Training 

Organization. Doctoral Dissertations and Master’s Theses. Embry-Riddle Aeronautical University; 2021.
[13]	Jovanović A, Klimek P, Renn O, Schneide R, Øien K, Brown J, et al. Assessing resilience of healthcare 

infrastructure exposed to COVID-19: emerging risks, resilience indicators, interdependencies and international 
standards. Environment Systems and Decisions. 2020; 40(2): 252-286.

[14]	Yang X, Tian P, Zhang Z. A comparative dtudy on deveral national customer satisfaction indices (CSI). In: 4th Asia 
Academy of Management Conference. Shanghai; 2019. p.1-5.

[15]	Chen X, Zhong W, Jiang C, Li Z, Peng X, Cheng H. Key performance index estimation based on ensemble locally 
weighted partial least squares and its application on industrial nonlinear processes. Chemometrics and Intelligent 
Laboratory Systems. 2020; 203: 104031.

[16]	Soewin E, Chinda T. Development of a construction performance index in the construction industry: system 
dynamics modelling approach. International Journal of Construction Management. 2022; 22(10): 1806-1817.

[17]	Maruhun ENS, Atan R, Yusuf SNS, Jamaliah S. Developing enterprise risk management index for shariah-
compliant companies. Global Journal Al-Thaqafah. 2018; 8(1): 189-205.

[18]	Cabello JM, Ruiz F, Pérez-Gladish B. An alternative aggregation process for composite indexes: An application to 



Contemporary Mathematics 220 | Rabiatul Adawiyah Abdul Rahim, et al.

the heritage foundation economic freedom index. Social Indicators Research. 2021; 153(2): 443-467.
[19]	Pereira L, Tenera A, Wemans J. Insights on individual’s risk perception for risk assessment in web-based risk 

management tools. Procedia Technology. 2013; 9: 886-892.
[20]	Hudakova M, Masar M, Luskova M, Patak MR. The dependence of perceived business risks on the size of SMEs. 

Journal of Competitiveness. 2018; 10(4): 54-69.
[21]	Hudáková M, Masár M. The assessment of key business risks for SMEs in Slovakia and their comparison with 

other EU countries. Entrepreneurial Business and Economics Review. 2018; 6(4): 145-160.
[22]	Virglerova Z, Dvorsky J, Kozubikova L, Cepel M. Perception of non-financial risk determinants in SMEs in 

Visegrad countries. Oeconomia Copernicana. 2020; 11(3): 509-529.
[23]	Khumpaisal S, Bunnag K, Jamieson IA. Risk perceptions among SME developers: A case study of Thailand. 

International Journal of Real Estate Studies. 2020; 1(14): 17-27.
[24]	Kumar V. Risk management in ERP implementation: In context to Indian SME. Worldwide Journal of Research. 

2020; 1(2): 3-7.
[25]	Yazid AS, Hassan MF, Mahmood S, Rashid N, Salleh F, Ghazali PL, et al. Organizational factors in enterprise risk 

management effectiveness: A conceptual framework. International Journal of Academic Research in Business and 
Social Sciences. 2018; 8(11): 1437-1446.

[26]	Mahmod MS, Aziz K, Rashid AS, Rasid N, Salleh F, Ghazali PL, et al. A conceptual framework of ERM practices 
among SMEs in Malaysia. International Journal of Academic Research in Business and Social Sciences. 2018; 
8(11): 1209-1221.

[27]	Bensaada I, Taghezout N. An enterprise risk management system for SMEs: Innovative design paradigm and risk 
representation model. Small Enterprise Research. 2019; 26(2): 179-206.

[28]	Glowka G, Kallmünzer A, Zehrer A. Enterprise risk management in small and medium family enterprises: the role 
of family involvement and CEO tenure. International Entrepreneurship and Management Journal. 2021; 17(3): 
1213-1231.

[29]	Batrancea LM. Determinants of economic growth across the European union: A panel data analysis on small and 
medium enterprises. Sustainability. 2022; 14(8): 4797.

[30]	Adomako S, Amankwah-Amoah J, Donbesuur F, Ahsan M, Danso A, Uddin M. Strategic agility of SMEs in 
emerging economies: Antecedents, consequences and boundary conditions. International Business Review. 2022; 
31(6): 102032.

[31]	Batrancea LM, Balcı MA, Chermezan L, Akgüller Ö, Masca ES, Masca L. Sources of SMEs financing and their 
impact on economic growth across the European union: Insights from a panel data study spanning sixteen years. 
Sustainability. 2022; 14(22): 15318.

[32]	Zoghi FS. Risk management practices and SMEs: An empirical study on Turkish SMEs. International Journal of 
Trade, Economics and Finance. 2017; 8(2): 123-127.

[33]	Falkner EM, Hiebl MRW. Risk management in SMEs: a systematic review of available evidence. Journal of Risk 
Finance. 2015; 16(2): 122-144.

[34]	Ramly EF, Osman MS. Development of risk management framework-case studies. In: Proceedings of the 
International Conference on Industrial Engineering and Operations Management. Paris, France; 2018. p.2542-
2551.

[35]	Ekwere N. Framework of effective risk management in small and medium rnterprises (SMESs): a literature review. 
Economic Review. 2016; 20(1): 23-46.

[36]	Mashudi D, Syah TYR, Pusaka S, Ramdhani D. Implementation of risk management process for start-up business 
PT indo bright skincare. International Journal of Social and Management Studies. 2021; 2(4): 168-172.

[37]	Khan S, Kothari S. Dissertation of startup finance and risk control. Global Journal of Management and Business 
Research. 2020; 20(3): 33-39.

[38]	Limbong RP, Syah TYR, Anindita R, Moelyono. Risk management for start-up company: a case study of healthy 
kitchen restaurant and catering. Russian Journal of Agricultural and Socio-Economic Sciences. 2019; 86(2): 267-
272.

[39]	Saputra A, Indradewa R, Syah TYR. Human capital plan for business startups ‘‘Jamu Partnership’’ in Indonesia. 
International Journal of Research and Review. 2021; 8(8): 370-376.

[40]	Jobo D, Phyllis C. Entrepreneurial risk management challenges within the maritime smes subsector of South 
Africa. Academy of Entrepreneurship Journal. 2020; 26(2): 1-19.

[41]	Boyle DK, Jayawardhana A, Burman ME, Dunton NE, Staggs VS, Bergquist-Beringer S, et al. A pressure ulcer 
and fall rate quality composite index for acute care units: A measure development study. International Journal of 



Contemporary MathematicsVolume 6 Issue 1|2025| 221

Nursing Studies. 2016; 63: 73-81.
[42]	Cîrstea SD, Moldovan-Teselios C, Cîrstea A, Turcu AC, Turcu C. Evaluating renewable energy sustainability by 

composite index. Sustainability. 2018; 10(3): 811.
[43]	Yadav V, Khandelwal G, Jain R, Mittal ML. Development of leanness index for SMEs. International Journal of 

Lean Six Sigma. 2019; 10(1): 397-410.
[44]	Rabiee F. Focus-group interview and data analysis. The Proceedings of the Nutrition Society. 2004; 63(4): 655-660.
[45]	Braun V, Clarke V. To saturate or not to saturate? Questioning data saturation as a useful concept for thematic 

analysis and sample-size rationales. Qualitative Research in Sport, Exercise and Health. 2021; 13(2): 201-216.
[46]	Abdul Ghani MT, Abdul Halim B, Abdul Rahman SA, Akmar Abdullah N, Afthanorhan A, Yaakub N. 

Overconfidence bias among investors: A qualitative evidence from ponzi scheme case study. Corporate and 
Business Strategy Review. 2023; 4(2): 59-75.

[47]	Rohim RAA, Ghazali PL, Jalil KA, Razak RA, Arifin J, Mahmud MS, et al. Lactobacillus salivarius growth: An 
algorithm using fuzzy regression method. Journal of Pharmaceutical Negative Results. 2023; 14(1): 123-131.

[48]	Ghazali PL, Hadi AAA, Fauzi SNM, Lambak S, Mahmud MS, Foziah NHM, et al. 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. 2023; 13(4): 451-468.

[49]	Belás J, Damborský M, Metzker Z, Šuleř P. Perception of selected strategic management factors of SME in V4 
countries. Serbian Journal of Management. 2021; 16(2): 437-452.

[50]	Sutrisno A, Kumar V, Handayani D, Arief RK, Virdhian S, Punuhsingon C. A classification and framework for 
measuring sustainability supply chain risk indices in small and medium enterprises. AIP Conference Proceedings. 
2019; 2097: 030001.

[51]	Oduoza CF. Framework for sustainable risk management in the manufacturing sector. Procedia Manufacturing. 
2020; 51(6): 1290-1297.

[52]	Kamali Zonouzi M, Hoseyni M, Khoramshahi M. Political factors affecting the survival of SMEs case study: An 
empirical study in Tehran Grand Bazaar. Asia Pacific Management Review. 2021; 26(1): 47-56.

[53]	Mikhaylov A. Understanding the risks associated with wallets, depository services, trading, lending, and borrowing 
in the crypto space. Journal of Infrastructure Policy and Development. 2023; 7(3): 1-12. 

[54]	An J, Mikhaylov A, Jung SU. The strategy of South Korea in the global oil market. Energies. 2020; 13(10): 1-8. 
[55]	Candila V, Maximov D, Mikhaylov A, Moiseev N, Senjyu T, Tryndina N. On the relationship between oil and 

exchange rates of oil-exporting and oil-importing countries: From the great recession period to the COVID-19 era. 
Energies. 2021; 14(23): 8046. 

[56]	Ghazali PL, Guci DA, Zain ENM, Hamid HCA, Razak RA, Arifin J, et al. The factors of risk management effect at 
slope construction site. Husnayain Business Review. 2022; 2(2): 34-40.

[57]	Ghazali PL, Mohd I, Ahmad WMAW, Mamat M. Integration model of education plan Takaful: A case study for 
Terengganu, Kelantan and Perlis, states in Malaysia. Far East Journal of Mathematical Sciences. 2012; 65(1): 97-
117.

[58]	Ghazali PL, Abu Bakar NM, Tahir IM, Haron M, Ismail WZW, Mamat M. Optimization of integration model in 
family Takaful. Applied Mathematical Sciences. 2015; 9(39): 1899-1909.

[59]	Ghazali PL, Ghani PPSA, Mamat M. Integration model in auto takaful insurance. Far East Journal of 
Mathematical Sciences. 2015; 98(5): 599-611.

[60]	Azhar NNZA, Ghazali PL, Mamat MB, Abdullah YA, Mahmud MS, Lambak S, et al. Acceptance of integrated 
modification model of auto takaful insurance in Malaysia. Far East Journal of Mathematical Sciences. 2017; 
101(8): 1771-1784.

[61]	Ghazali PL, Jaaffar SAS, Foziah NHM, Tambi AMA, Amalina F, Mamat M, et al. The construction of a new 
mathematical model for islamic home financing. Asian Academy of Management Journal. 2019; 24(1): 33-41.


