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Abstract: During enterprise foundation and development, internal finance and debt finance are of 
vital importance to start-up entrepreneurs. Therefore, the purpose of this study is mainly to focus 
on how start-ups can make the optimal evaluation among different external equity crowdfunding 
solutions and to establish a network decision support model that evaluates the optimal financing 
solution of start-ups for external equity crowdfunding based on decision science and network ar-
chitecture. The Lending Company in Financial Technology Industry (LCFTI) was taken as an exam-
ple. The results indicate that equity crowdfunding is the optimal financing plan in LCFTI. Academ-
ically, the results of this study not only help propose a network decision support model using deci-
sion science methods and implementing the network analysis to establish an architecture to evalu-
ate the optimal financing plans of start-ups for external equity crowdfunding, they also makes up 
for the gap in the optimal financing plans of entrepreneurs or start-ups for external equity financing, 
which has not been specified in the POT theory in the past. Practically, this study provides a useful 
tool for the entrepreneur of LCFTI to understand the key factors affecting the optimal financing 
plans for external equity financing and enables LCFTI to measure the optimal financing plans for 
external equity financing to improve the success rate of finance. 

Keywords: network decision support model; crowdfunding; POT theory; external equity financing; 
analytic network process; start-ups 
 

1. Introduction 
During enterprise foundation and development, internal finance and debt finance 

are of vital importance to start-up entrepreneurs [1,2]. Myers (1984) elaborated the peck-
ing order theory (POT) and explained that enterprises prefer to use internal finance when 
raising capital in order to reduce trading costs and resolve information asymmetry and 
seek debt finance first in the case of shortage [3]. They will consider offering equity to 
close the capital gap only when their debt limits are exhausted. Many studies have also 
demonstrated that the financing order is consistent with the POT theory when start-ups 
are short of funds in the preliminary stage [4,5]. The POT theory explains enterprises’ 
order of financing, however start-ups are unable to raise capital effectively and success-
fully due to a shortage of it, insufficient enterprise value, and poor finance capability in 
finance; thus, there is still the dilemma of insufficient capital [6,7]. 

There is also other evidence that runs contrary to the POT theory, showing that start-
ups shall seek external finance first and conform to the traditional POT channel when 
raising capital [8,9]. Previous studies have also demonstrated that, because start-ups often 
run into capital constraints, the availability of external finance is more beneficial for them 
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[10,11]. Moreover, most verifications of the POT theory focus on the relationship between 
cash flow and internal finance or external finance [12,13]. Vaznyte & Andries (2019) veri-
fied the relation between start-ups’ strategies and POT theory [2], showing results that 
start-ups with low entrepreneurial orientation are more likely to follow the traditional 
POT financing order and that start-ups with high entrepreneurial orientation are more 
inclined to the relationships among equity finance, capital structure and POT theory 
[14,15]. The above literature demonstrates the relationship between several variables and 
the POT theory. However, it fails to present opinions on the types of external finance and 
optimal financing solutions to external finance for start-ups. Walthoff-Borm et al. (2018) 
indicated that enterprises’ external finance modes include equity-crowdfunding (EC), an-
gel fund (AF), and venture capital (VC) [16]. 

Due to the rise of financial technology (fintech) and the loosening of the Jumpstart 
Our Business Startups (JOBS) Act of the United States [17], crowdfunding has become the 
latest finance mechanism for enterprises when external capital is needed [16,18]. In 2014, 
the amount raised through crowdfunding reached 16.2 billion USD, increasing 167% over 
2013 [19]. According to the statistics of Statista Inc. [20], the total trading volume of alter-
native financing is 11.7 billion USD, the expected annual total trading growth rate (2019–
2023) is 14.3%, and the total trading volume by 2023 will be 20.0 billion USD. As the largest 
market share is crowdfunding, the development scale of its market is rapidly rising within 
the global financial market. 

There are many different forms of crowdfunding. First, donation-based crowdfund-
ing refers to collecting charity capital to support project plans. Second, rewards-based 
crowdfunding refers to investors receiving non-monetary rewards in exchange for spon-
sors’ contributions. Third, debt-based crowdfunding means that the interest measures of 
investors and fundraisers are formulated through credit contracts. Fourth, equity-based 
crowdfunding refers to fundraisers offering equity of the target company in exchange for 
capital and investors receive the corresponding equity so as to obtain the company’s sub-
sequent profits or dividends [21–24]. Among them, equity-crowdfunding has been a new 
solution for start-ups for external equity financing, and this financing solution has become 
more and more important to them. Equity-crowdfunding provides new investment op-
portunities for external equity investors [16,25–27]. 

In equity-crowdfunding, Estrin et al. (2016) proposed that capital is mainly raised via 
the Internet or social media, which not only reduces trading costs, but also provides a new 
mechanism for start-ups to establish their goodwill toward investors [28]. Agrawal et al. 
(2011) argued that start-ups’ financing demands and supplies can be matched to all re-
gions more widely via equity-crowdfunding, which is less affected by geographical loca-
tion [29]. Given that early start-ups tend to be relational in financing, which not only con-
tains hidden biases, but also has a rather narrow range of financing, the equity-crowd-
funding (EC) is one of the important tools of external finance for start-ups and has become 
an important alternative financing solution for them to seek external capital [16,30,31]. 

Angel funds (AF) mainly refer to the investment in start-ups before going public, 
which enables them to operate effectively in the early stages; therefore, angel funds have 
a significant economic impact on the external finance and survival of start-ups [32,33]. 
Previous studies showed that the market scale of angel investors in the United States was 
about 24.6 billion USD in 2015 and created 270,200 jobs. The start-ups that have attracted 
angel funds (AF) had higher survival rates, growth rates, and revenues than those that 
did not [34,35]. Teker & Teker (2016) indicated that injections in the external finance of 
start-ups from angel funds are more valuable than those from other financing solutions 
and also bring experience and professional knowledge to the start-ups to improve the 
success rates [36]. Dibrova (2015) explained the advantages and disadvantages for start-
ups to raise capital by using angel funds, such as: funding to start-ups or high-risk pro-
jects, repayment plans with higher flexibility, no need for collateral, unnecessary changes 
brought by angel fund to enterprises after injections, poor history records of angel fund, 
and inappropriate exit strategies [37]. Cox et al. (2017) also emphasized that angel funds 
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are crucial for start-ups or companies that need external finance. Based on the above, angel 
funds are one of the alternative financing solutions for start-ups to seek external finance 
[32]. 

The main activities of venture capital (VC) are investment, support, exit, and rein-
vestment [38]. Generally speaking, venture capital comes through the equity holders who 
participate in the boards of directors of the invested companies in most cases. In addition, 
venture capital has the ability to influence corporate structures, operating procedures, exit 
routes, and listing decisions [39]. Companies raise capital through venture capital (VC) of 
external equity financing and monitoring and value-added services offered by venture 
capital (VC) can bring positive performance to the companies [40,41]. The current litera-
ture also shows that, compared to companies not accepting venture capital investments, 
companies that do accept venture capital investments can achieve higher employment 
rates [42,43], higher profitability, more R&D investments [44], and higher business per-
formances [45]. In view of this, venture capital is a vital alternative financing solution for 
start-ups to seek external capital. 

From the standpoint of entrepreneurs, there are many sources of external finance in 
the start-up period, and the pecking order theory (POT) is also supported by many studies 
[3,4,46]. There is also evidence showing that the success and failure of a company mainly 
depends on the financing decisions made in the start-up period [4,47]. However, previous 
studies and reports have not provided any opinion or empirical evidence that entrepre-
neurs or start-up firms make the optimal choices through equity-crowdfunding or tradi-
tional external finance (debt financing) when they need external capital. Moreover, the 
pecking order theory theoretically does not specify how entrepreneurs or start-ups make 
the optimal choices among different external equity financing programs (equity-crowd-
funding, angel fund, and venture capital) [16,21]. Optimization evaluation is suitable for 
being introduced into the analytic hierarchy process (AHP) [48], and AHP is also applied 
to decision evaluation in various fields [49–52]. However, AHP still has the feature that 
the level and criteria must be independent in decision evaluation, and subsequent studies 
have broken through the independent features and introduced the concept of network to 
improve evaluation efficiency. Hence, Saaty (1996) proposed the now widely used ana-
lytic network process (ANP) to solve the independence assumption of AHP [53–56]. 

The purpose of this study is mainly to focus on how start-ups can make the optimal 
evaluation among different external equity crowdfunding solutions and to establish an 
expert network decision support model that evaluates the optimal financing solution of 
start-ups for external equity crowdfunding based on decision science and network archi-
tecture. The Lending Company in Financial Technology Industry (LCFTI) was taken as an 
example. Academically, the results of this study not only help propose a network decision 
support model using decision science methods and implementing network analysis to es-
tablish an architecture to evaluate the optimal financing plans of start-ups for external 
equity crowdfunding, they also make up for the gap in the optimal financing plans of 
entrepreneurs or start-ups for external equity financing, which is not specified in the POT 
theory in the past. Practically, this study provides a useful tool for the entrepreneur of 
LCFTI to understand the key factors affecting the optimal financing plans for external eq-
uity financing and enables LCFTI to measure the optimal financing plans for external eq-
uity financing to improve the success rate of finance. 

This study is organized into three chapters. We discuss the construction of the expert 
network decision model in Section 2. An empirical study and the evaluation results ap-
pear in Section 3. Finally, Section 4 sets our concluding remarks. 

2. Expert Network Decision Model 
With the optimal financing solution of start-ups for external equity financing, the ex-

pert network decision model was proposed by Delphi and ANP. The Delphi method is a 
popular and useful technique for many applications in decision-making issues [57]. The 
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AHP model is a powerful and popular technique for evaluating the multi-criteria deci-
sion-making (MCDM) problems. Even though the AHP model is popular, the evidence in 
the field of social sciences has indicated that the characteristics of internal complex correla-
tion in the evaluation of optimal solution issues are unable to be represented satisfactorily 
with a hierarchical, linear model because of the dependence relationships rather than the 
up-down relationships. The meaning is that there are network-like relationships [56,58]. 
Hence, the ANP algorithm is proposed to resolve such complex problems as a suitable in-
strument for implementation in various applications [59–61]. 

Therefore, this study used the Delphi method and ANP to establish a network deci-
sion support model to evaluate the optimal financing solution of start-ups for external 
equity financing. LCFTI was taken as an example. The study methods are described as 
follows: 

2.1. Delphi Method 
The Delphi method involves collecting and analyzing opinions of anonymous ex-

perts who communicate through writing, discussion, and feedback on particular issues. 
These anonymous experts share knowledge, skills, expertise, and opinions until they 
achieve a mutual consensus (Sung 2001). The procedure of the Delphi method is as follows 
[62]: 
A. Select the anonymous experts. 
B. Conduct the first round of the survey. 
C. Conduct the second round of the questionnaire survey. 
D. Conduct the third round of the questionnaire survey. 
E. Integrate expert opinions and reach a consensus. 

Steps C and D are generally repeated until a consensus is reached regarding a partic-
ular topic [63]. Results of the literature review and expert interviews are adopted to iden-
tify all common views expressed on this topic. Moreover, step B is simplified to replace 
the conventionally adopted open style survey; such change is commonly referred to as the 
modified Delphi method [63]. This study develops a quality evaluation criterion for as-
sessing the optimal financing alternative in external financing activity for start-ups firms. 
Then, a case study of lending start-ups in the FinTech industry is conducted by using the 
modified Delphi method and conducting interviews with anonymous experts. In addi-
tion, Hasson & Keeney (2011) indicated that the number of experts should be between five 
and nine when implementing the Delphi model [64]. 

2.2. Analytic Network Process 
Saaty (1996) proposed the analytic network process (ANP), aiming at adding the 

mechanism of feedback and relation to the analytic hierarchy process, so as to solve the 
dependence among criteria [56]. The features of the complex relations inside many prob-
lems related to decision cannot only be expressed in a hierarchical way, because they are 
affected mutually, are dependent on each other, and are not linear from top to bottom. 
This is similar to a network [56,65,66], as shown in Figure 1. ANP consists of four steps, 
as shown below. 
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Figure 1. The analytic network process concept. 

Step 1. Network decision support model construction and problem establishment. 
The goal is to determine the targets according to the features of problems and seek 

the decision factors, the sub-factors contained in all factor clusters, and the mutual influ-
ence between all factors. If there is mutual influence, it is outer dependence; if the sub-
factors contained in all criterion clusters influence each other, it is inner dependence. Fi-
nally, overall network structure of the decision problem is drawn. 
Step 2. Pairwise comparison matrix structuring and eigenvector calculation. 

A pairwise comparison is made between two factors and can be divided into two 
parts, including the pairwise comparison between all clusters and between sub-factors in 
clusters. A pairwise comparison between sub-factors can also be divided into that be-
tween the same cluster and that between the factors in different clusters. The scale of com-
parative evaluation is the same as that of the analytic hierarchy orocess, and all compara-
tive matrices were used to obtain the eigenvectors as the value of the supermatrices, so as 
to illustrate the dependence relationship and relative importance of clusters. Equation (1) 
can be used in this step to obtain the scores of relative importance among all criteria. = max   max = ∑   

(1) 

Here, A is the pairwise comparison matrix of clusters and criteria, w represents ei-
genvector, and λ max refers to the maximum eigenvalue. 
Step 3. Supermatrix structuring. 

A supermatrix is constituted of all decision factors, as shown in Figure 2. The values 
in a supermatrix are composed of small matrices, including the comparison between all 
factors and between dependent factors. The number of the clusters without feedback in-
fluence or factors is 0, as shown in Equation (2). 
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Figure 2. Supermatrix. 

= 0 0 000  (2) 

The calculation procedure of the analytic network process consists of three matrices: 
unweighted supermatrix, weighted supermatrix, and limited supermatrix. An un-
weighted supermatrix is derived from the weights of the original pairwise comparisons; 
a weighted supermatrix refers to multiplying the weights of the same factors in an un-
weighted supermatrix by the weights of relevant clusters; a limited supermatrix refers to 
multiplying a weighted matrix by itself for multiple times until the numbers in the fields 
of all columns are equal. If the supermatrix w is irreducible in the calculation of the ana-
lytic network proposed by Saaty, then all columns in the matrix have the same vector and 
convergence is achieved. Equation (3) can be used to obtain the final weights of the con-
vergence process. lim→ ( )  (3) 

Step 4. Optimal solution selection. 
Verified by the analytic network architecture, unweighted supermatrix, weighted su-

permatrix, and limited supermatrix, the final weights of all alternative solutions and cri-
teria can be obtained from the results of the limited matrix. The final weights can then be 
ranked to obtain the optimal solution. 

3. Empirical Study 
The purpose of this study is to establish a network decision support model to evalu-

ate the optimal financing solution of start-ups for external equity crowdfunding, and the 
Lending Company in Financial Technology Industry (LCFTI) was taken as an example. 

The Delphi method was applied in this work which is to collect the elements by a 
previous literature review and experts’ interviews, and utilized a Likert 7-point dimen-
sions for obtaining score, ranging from very unimportant (1) to very important (7). An 
examination on consistency was calculated by quartile deviation (QD) to classification the 
groups after the scores were determined. Deleting the groups with a result of 4.000 or 
below as well as a QD of below 1.000; otherwise, it can be retained. Due to the evidence 
from number of experts should be between five and nine [64]. Therefore, this work utilizes 
seven experts for obtaining opinions. 
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As the amount of data is a large set in this study, we employ The Costs of Capital as 
an example to depict the details. The results of Delphi’s’ scores in The Costs of Capital of 
expert 1 to expert 7 are as follows: 6, 7, 6, 6, 7, 6, and 6, respectively. The procedure is as 
follows: First, evaluate the average important index (AII) from these outcomes. Second, 
apply the rank from these set which for a new set is 6, 6, 6, 6, 6, 7, and 7, respectively. 
Finally, we determine the Q1 and Q3 to obtain the real results of QD. The QD procedures 
in The Costs of Capital is as shown below: = 6 + 6 + 6 + 6 + 6 + 7 + 77 = 6.286 1 = 7 + 14 = 2 => 6; 3 = 3(7 + 1)4 = 6 => 7; = 7 − 62 = 0.5 

The results of QD in The Costs of Capital element is 0.5. Hence, this element is re-
tained in the expert network decision support model. 

The expert network decision support model is shown in Figure 3. Figure 3 is the ex-
pert network decision model which comprises three perspectives and 11 elements. The 
financial perspective includes the elements of the level of loan, the dispersion of equity 
and the costs of capital. The operational perspective has the elements of the number of 
board members, the effect of start-ups exposure, the implementation of experts and re-
sources, and the degree of difficulty in capital obtaining. The risk perspective includes the 
elements of plagiarism, business culture, limitation, and the degree of complexity in 
crowdfunding. Finally, three alternatives that include equity crowdfunding, an angel 
fund and venture capital are implemented in this expert network decision support model. 

Lastly, the analysis steps, perspectives, and elements of this study are defined as fol-
lows. 

 
Figure 3. The expert network decision support model. 

Step 1. Expert network decision model and criterion definition establishment. 
When a study architecture is established, the evaluation criteria shall be agreed upon 

by experts [67,68]. Hence, perspectives and criteria were collected through a literature dis-
cussion and expert questionnaires, as shown in Table 1. The modified Delphi method was 
then used to reach an agreement to obtain the study architecture. Finally, optimal financ-
ing plans of start-ups for external equity crowdfunding were evaluated for the perspec-
tives, sub-criterion definitions, and contents as follows. 

  



Mathematics 2021, 9, 2239 8 of 16 
 

Table 1. The perspectives and criteria. 

Goal Perspectives Sub-Criteria Ref. 

Optimal  
Alternative 

Financial  
Perspective 

The level of loan Ahlers et al., (2015); 
Bessière et al., (2018) 

The dispersion of equity 
Ahlers et al., (2015);  
Signori, & Vismara (2018); 
Rogan & Sarfati (2018) 

The costs of capital Expert suggestion 

Operational  
Perspective 

The number of board members Signori, & Vismara (2018);  
Turan (2015) 

The effect of start-ups exposure 
Hauge, & Chimahusky (2016);  
Presenza et al., (2019) 

The degree of difficulty in capital 
obtaining Bessière et al., (2018) 

The implementation of experts and 
resources 

Baum, & Silverman (2004);  
Knockaert et al., (2010) 

Risk  
Perspective 

Plagiarism Pazowski & Czudec (2014) 

Business culture 
Dai & Nahata (2016);  
Nahata et al., (2014) 

Limitation 
Kaplan & Stromberg (2001);  
Da Rin et al., (2013);  
Rogan & Sarfati (2018) 

The degree of complexity in crowd-
funding 

Bessière et al., (2018) 

1. Financial Perspective: 
1.1. Level of Loan (LL): can be obtained from different external equity crowdfunding 

plans by start-ups, such as EC, AF, and VC. 
1.2. Dispersion of Equity (DE): the degree of equity dispersion after start-ups are 

subscribed by investors. 
1.3. Cost of Capital (CC): the costs needed for financing under different external eq-

uity crowdfunding plans, such as platform commissions, interests, labor costs, 
advertising expenses, and administrative charges. 

2. Operation Perspective: 
2.1 Number of Board Members (MBM): the investors’ involvement in the manage-

ment of start-ups after subscription. 
2.2 Effect of Stat-ups Exposure (ESE): the effects on start-ups when financing is con-

ducted through external equity crowdfunding. 
2.3 Implementation of Experts and Resources (IER): the differences in professionals 

and resources introduced after start-ups have obtained finance through different 
external equity financing plans. 

2.4 The Degree of Difficulty in Capital Obtaining (DCO): the different difficulties in 
finance through different external equity financing plans of start-ups. 

3. Risks Perspective: 
3.1 Plagiarism (PLA): when start-ups finance through external equity crowdfunding 

platforms, their know-hows or ideas may be plagiarized or counterfeited. 
3.2 Business Culture (BUC): start-ups obtain capital, and investors control the equity 

and intervene in the corporate business, causing conflict in the management cul-
tures between investors and start-ups. 

3.3 Limitation (LIT): investors may have restrictions, such as board seats, control 
rights, and liquidation preferences, placed on the start-ups after investment. 
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3.4 Degree of Complexity in Crowdfunding (DCC): different fundraising plans have 
varying fundraising complexity, which has a great impact on the start-ups’ fund-
raising activities in the earlier stage. 

4. External equity financing plans: 
4.1 Equity Crowdfunding (EC): fundraisers may raise capital through equity-

crowdfunding channels, which denotes that fundraisers may offer equities of the 
target companies in exchange for capital and investors obtain the corresponding 
equities to obtain subsequent profits or dividends. 

4.2 Angel Fund (AF): fundraisers may raise capital by using angel fund platforms 
and provide part of the equities in the target companies to obtain injections from 
an angel fund. Angel investors mainly invest in the start-ups before going public 
to enable them to operate effectively. 

4.3 Venture Capital (VC): fundraisers may raise capital through venture capital 
channels. Venture capitals are the equity holders who participate in the boards 
of directors of the invested companies in most cases and who introduce profes-
sionals and resources to improve the business performances of start-ups. 

Step 2. Pairwise comparison matrix structuring and eigenvector calculation. 
A pairwise comparison matrix of AHP was used to measure eigenvectors of all per-

spectives and criteria, including the eigenvectors of relation dependence. In this study, 
the network decision support model includes perspectives (such as finance, operations, 
and risks), sub-criteria (such as financing amount, equity structure, fundraising costs, 
structure of management rights, propaganda effects, crowdfunding threshold, and intro-
duction of professionals and resources), and external equity financing plans (such as eq-
uity-crowdfunding, angel funds, and venture capital). The geometric mean method was 
introduced to calculate the relative scores provided by the expert group for summariza-
tion. Table 2 shows the eigenvectors of 3 perspectives (clusters), and Table 3 shows the 
eigenvectors of 11 sub-criteria. 

Table 2. The comparisons and eigenvectors (weights) of 3 perspectives. 

 
Financial  

Perspective 
Operational 
Perspective 

Risk 
Perspective 

Financial  
Perspective 

1.000 1.248 1.462 

Operational 
Perspective 

0.801 1.000 1.171 

Risk 
Perspective 

0.684 0.854 1.000 

Eigenvectors 
(weights) 

0.402 0.322 0.275 
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Table 3. Eigenvectors (weights) of 11 factors for alternatives. 

 
Angel  
Fund 

Equity  
Crowdfunding 

Venture  
Capital 

CC 0.447 0.462 0.091 
DE 0.403 0.398 0.199 
LL 0.389 0.413 0.198 

DCO 0.397 0.408 0.195 
ESE 0.413 0.386 0.201 
IER 0.422 0.366 0.212 

MBM 0.383 0.398 0.219 
BUC 0.421 0.366 0.213 
DCC 0.365 0.399 0.236 
LIT 0.313 0.438 0.249 
PLA 0.388 0.353 0.259 

Step 3. Supermatrix structuring. 
According to the expert group’s suggestions and questionnaire results, the inner de-

pendence relation and outer dependence relation of the network decision support model 
of the optima financing plan of start-ups for external equity financing can be descried, and 
an unweighted supermatrix and a weighted supermatrix were formed through the eigen-
vector results. A limitation was then conducted on the weighted supermatrix to obtain a 
limited supermatrix, as shown in Tables A1–A4 (In Appendix A). 

Step 4. Optimal solution selection. 
After the calculation of the above supermatrix, the weights of the dependence rela-

tions of all evaluation criteria and plans can be obtained, as shown in Table 4. Next, the 
comprehensive weights were used for ranking, the order of the optimal plans is EC (0.082) 
> AF (0.078) > VC (0.040), and the order of the evaluation criteria is LL (0.107) > DCO 
(0.106) > CC (0.104) > LIT (0.096) > DCC (0.085) > MBM (0.078) > DE (0.070) > DSE (0.049) 
> PLA (0.042) > BUC (0.032) > IER (0.031). The results show that the start-up of LCFTI 
should adopt equity-crowdfunding as the optimal financing channel in the earlier stage 
and the most important factor is LL. 

Table 4. The priorities of criteria and alternatives. 

 Normalized by Cluster Limiting Rank 
Angel Fund 0.391  0.078  2 

Equity Crowdfunding 0.409  0.082  1 
Venture Capital 0.201  0.040  3 

CC 0.369  0.104  3 
DE 0.248  0.070  7 
LL 0.383  0.107  1 

DCO 0.401  0.106  2 
ESE 0.187  0.049  8 
IER 0.118  0.031  11 

MBM 0.294  0.078  6 
BUC 0.126  0.032  10 
DCC 0.333  0.085  5 
LIT 0.376  0.096  4 
PLA 0.165  0.042  9 

  



Mathematics 2021, 9, 2239 11 of 16 
 

4. Discussion 
Based on the proposed expert network decision support model, the results of the 

evaluation criteria indicate that LL, DCO, and CC are the most crucial factors affecting 
LCFTI to evaluate the optimal financing plan when fundraising. Moreover, LCFTI highly 
values the financing amount, difficulty of obtaining capital, and fundraising costs for ex-
ternal equity financing. Start-ups need a large amount of capital in the earlier stage, and 
hence the financing amount and financing difficulty are quite close in the critical im-
portance score. This means that the financing amount and financing success when the 
start-up LCFTI evaluates the optimal financing plan for external equity crowdfunding has 
an impact on the operation efficiency of the company. For instance, if a start-up needs 
capital or a small financing amount, or capital is raised successfully but cannot obtained 
rapidly, then this may cause great risk to the operation of the start-up in the earlier stage. 
In addition, since start-ups own quite limited capital in the earlier stage, the fundraising 
will increase the operating costs (including accounting fees, counsel fees, and audit fees) 
of start-ups for external equity crowdfunding. From the perspective of risks, the most crit-
ical factor is LIT, showing that start-ups may be influenced by investors’ policies, such as 
board seats, corporate control rights, and liquidation preferences, and restrictive terms 
may be established for the entrepreneurs when capital is obtained through external equity 
crowdfunding, which is contrary to the original idea of start-ups. Hence, the start-up 
LCFTI should carefully consider the issue of fundraising costs when selecting the optimal 
financing plan for external equity crowdfunding and also consider the risks caused by 
limitations to operations and management. Overall, the results of this study which the 
optimal external equity financing strategy for start-ups of LCFTI in Taiwan is Equity 
Crowdfunding. This outcome is consistent with the previous evidence that the equity 
crowdfunding strategy with its growing role for startups financing as well as equity 
crowdfunding also has gained momentum in the academic community [69–72]. Moreover, 
Hornuf et al. (2018) and Signori & Vismara (2018) find that companies that obtained the 
equity crowdfunding register a higher change of obtaining follow-on financing via busi-
ness angels or venture capitalists [73,74]. 

5. Conclusions 
During enterprise foundation and development, internal finance and debt finance 

are of vital importance to start-up entrepreneurs. The pecking order theory explains that 
enterprises prefer to use internal finance when raising capital in order to reduce trading 
costs and solve information asymmetry and will seek debt finance first in case of cash flow 
shortage. They will consider offering equity to close the capital gap only when debt limits 
are exhausted. In spite of this, in recent years, due to the rise of financial technology 
(fintech) and the loosening of the Jumpstart Our Business Startups (JOBS) Act of the 
United States, external equity crowdfunding has become the latest finance mechanism for 
enterprises when external capital is needed. Moreover, equity-crowdfunding is a new so-
lution of start-ups for external equity financing, and this financing solution has become 
more and more important to them. Equity-crowdfunding provides new investment op-
portunities for external equity investors. Generally speaking, external financing solutions 
include equity-crowdfunding, angel fund, and venture capital, with different features and 
purposes. The pecking order theory does not put forward opinions to start-ups on the 
optimal financing plans for seeking external equity crowdfunding. Therefore, which op-
timal financing plan start-ups shall use to raise their working capital when conducting 
external equity crowdfunding is a key problem to solve for entrepreneurs. 

This study therefore mainly focuses on how start-ups can make the optimal choice 
among different external equity crowdfunding solutions and establishes a network deci-
sion support model to evaluate the optimal financing solution of start-ups for external 
equity crowdfunding based on decision science and network architecture. The Lending 
Company in Financial Technology Industry (LCFTI) was taken as an example. The study 
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results show that the optimal financial plan of LCFTI is equity crowdfunding. As an 
emerging financial technology company, LCFTI mainly profits from online lending. 
Hence, lending platforms’ goodwill, reputation, and popularity are rather important to its 
investors. Due to the large number of potential investors faced by equity crowdfunding, 
it is easier for LCFTI to obtain capital through equity crowdfunding platforms than 
through angel funding and venture capital. Furthermore, through equity crowdfunding 
platforms, it can also increase its popularity and boost the trading volumes of loans, so 
that the operation structure of LCFTI can become stronger. 

With LCFTI as an example, this study proposed a network decision support model 
of optimal financial plans for start-ups to conduct external equity crowdfunding. Aca-
demically, the results of this study not only help propose a network decision support 
model using decision science methods and implement the network analysis to establish 
an architecture to evaluate the optimal financing plans of start-ups for external equity 
crowdfunding, but also make up for the gap in the optimal financing plans of entrepre-
neurs or start-ups for external equity financing, which is not specified in the POT theory 
in the past. Practically, this study presents a useful tool for the entrepreneurs of LCFTI to 
understand the key factors affecting their firm’s optimal financing plans for external eq-
uity financing and also enables LCFTI to measure the optimal financing plans for external 
equity financing to improve the success rate of financing. 

This work has a several limitations and suggestions from some views, as give below: 
1. Uncertainty of humans: This study implements the modified Delphi method and the 

ANP for determining the optimal financing plan. However, the proposed expert net-
work decision support models are not concerned about the ambiguous nature of hu-
mans. Therefore, future works are able to combine the fuzzy concepts in the evalua-
tion model construction. 

2. Investors’ view: This study was implemented by expert opinions for evaluating the 
optimal external financing strategy. Hence, future studies can apply the investors’ 
view to assess the optimal start-up based on the results of this study. 

3. Samples of survey: To reduce the complex evaluation procedures, this study was 
based on the experts view to determine the optimal solution. Thus, future studies can 
carry out with the larger sample to identify the optimal solution in this field. 
The future works are able to extend the limitations and suggestions of this work for 

developing a new evaluation framework. 
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Appendix A 

Table A1. Inner dependence matrix of 11 factors. 

 CC DE LL DCO ESE IER MBM BUC DCC LIT PLA 
CC 0.000 0.367 0.419 0.417 0.388 0.356 0.413 0.362 0.413 0.483 0.393 
DE 0.392 0.000 0.581 0.254 0.207 0.239 0.176 0.302 0.196 0.202 0.236 
LL 0.608 0.633 0.000 0.329 0.405 0.405 0.411 0.336 0.391 0.315 0.371 

DCO 0.373 0.403 0.511 0.000 0.409 0.498 0.573 0.492 0.506 0.386 0.473 
ESE 0.197 0.152 0.112 0.312 0.000 0.211 0.255 0.184 0.198 0.184 0.162 
IER 0.082 0.106 0.096 0.266 0.176 0.000 0.172 0.093 0.093 0.082 0.101 

MBM 0.348 0.339 0.281 0.422 0.415 0.291 0.000 0.231 0.203 0.348 0.264 
BUC 0.061 0.079 0.107 0.071 0.084 0.103 0.091 0.000 0.157 0.386 0.266 
DCC 0.368 0.418 0.411 0.396 0.407 0.364 0.378 0.355 0.000 0.281 0.283 
LIT 0.409 0.471 0.398 0.419 0.451 0.389 0.367 0.383 0.432 0.000 0.451 
PLA 0.162 0.032 0.084 0.114 0.058 0.144 0.164 0.262 0.411 0.333 0.000 

Table A2. The unweighted supermatrix. 

 AF EC VC CC DE LL DCO ESE IER MBM BUC DCC LIT PLA 
AF 0.000 0.000 0.000 0.447 0.403 0.389 0.397 0.413 0.422 0.383 0.421 0.365 0.313 0.388 
EC 0.000 0.000 0.000 0.462 0.398 0.413 0.408 0.386 0.366 0.398 0.366 0.399 0.438 0.353 
VC 0.000 0.000 0.000 0.091 0.199 0.198 0.195 0.201 0.212 0.219 0.213 0.236 0.249 0.259 
CC 0.353 0.447 0.377 0.000 0.367 0.419 0.417 0.388 0.356 0.413 0.362 0.413 0.483 0.393 
DE 0.281 0.105 0.189 0.392 0.000 0.581 0.254 0.207 0.239 0.176 0.302 0.196 0.202 0.236 
LL 0.366 0.449 0.434 0.608 0.633 0.000 0.329 0.405 0.405 0.411 0.336 0.391 0.315 0.371 

DCO 0.337 0.487 0.406 0.373 0.403 0.511 0.000 0.409 0.498 0.573 0.492 0.506 0.386 0.473 
ESE 0.255 0.103 0.214 0.197 0.152 0.112 0.312 0.000 0.211 0.255 0.184 0.198 0.184 0.162 
IER 0.112 0.088 0.101 0.082 0.106 0.096 0.266 0.176 0.000 0.172 0.093 0.093 0.082 0.101 

MBM 0.296 0.322 0.279 0.348 0.339 0.281 0.422 0.415 0.291 0.000 0.231 0.203 0.348 0.264 
BUC 0.098 0.114 0.072 0.061 0.079 0.107 0.071 0.084 0.103 0.091 0.000 0.157 0.386 0.266 
DCC 0.367 0.301 0.388 0.368 0.418 0.411 0.396 0.407 0.364 0.378 0.355 0.000 0.281 0.283 
LIT 0.412 0.396 0.431 0.409 0.471 0.398 0.419 0.451 0.389 0.367 0.383 0.432 0.000 0.451 
PLA 0.123 0.189 0.109 0.162 0.032 0.084 0.114 0.058 0.144 0.164 0.262 0.411 0.333 0.000 

Table A3. The weighted supermatrix. 

 AF EC VC CC DE LL DCO ESE IER MBM BUC DCC LIT PLA 
AF 0.000 0.000 0.000 0.112 0.101 0.097 0.099 0.103 0.106 0.096 0.105 0.091 0.078 0.097 
EC 0.000 0.000 0.000 0.116 0.100 0.103 0.102 0.097 0.092 0.100 0.092 0.100 0.110 0.088 
VC 0.000 0.000 0.000 0.023 0.050 0.050 0.049 0.050 0.053 0.055 0.053 0.059 0.062 0.065 
CC 0.142 0.180 0.152 0.000 0.092 0.105 0.104 0.097 0.089 0.103 0.091 0.103 0.121 0.098 
DE 0.113 0.042 0.076 0.098 0.000 0.145 0.064 0.052 0.060 0.044 0.076 0.049 0.051 0.059 
LL 0.147 0.181 0.175 0.152 0.158 0.000 0.082 0.101 0.101 0.103 0.084 0.098 0.079 0.093 

DCO 0.109 0.157 0.131 0.093 0.101 0.128 0.000 0.102 0.125 0.143 0.123 0.127 0.097 0.118 
ESE 0.082 0.033 0.069 0.049 0.038 0.028 0.078 0.000 0.053 0.064 0.046 0.050 0.046 0.041 
IER 0.036 0.028 0.033 0.021 0.027 0.024 0.067 0.044 0.000 0.043 0.023 0.023 0.021 0.025 

MBM 0.095 0.104 0.090 0.087 0.085 0.070 0.106 0.104 0.073 0.000 0.058 0.051 0.087 0.066 
BUC 0.027 0.031 0.020 0.015 0.020 0.027 0.018 0.021 0.026 0.023 0.000 0.039 0.097 0.067 
DCC 0.101 0.083 0.107 0.092 0.105 0.103 0.099 0.102 0.091 0.095 0.089 0.000 0.070 0.071 
LIT 0.113 0.109 0.119 0.102 0.118 0.100 0.105 0.113 0.097 0.092 0.096 0.108 0.000 0.113 
PLA 0.034 0.052 0.030 0.041 0.008 0.021 0.029 0.015 0.036 0.041 0.066 0.103 0.083 0.000 
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Table A4. The limited supermatrix. 

AF EC VC CC DE LL DCO ESE IER MBM BUC DCC LIT PLA 
AF 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 
EC 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 0.082 
VC 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 
CC 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 0.104 
DE 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070 
LL 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 

DCO 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 0.106 
ESE 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 
IER 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.031 

MBM 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 0.078 
BUC 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.032 
DCC 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 0.085 
LIT 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 0.096 
PLA 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042 
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