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Abstract

Choosing a suitable opportunity in conditions of uncertainty is a
common problem for entrepreneurs. The software startup procedure is
particularly vulnerable to extreme uncertainty and competition; therefore,
analyzing opportunities and threats is critical for entrepreneurs. This
study aims to identify the criteria of uncertainty in evaluating
entrepreneurial opportunities in technology-driven businesses of the
software industry with a fuzzy approach using a mixture of qualitative
and quantitative methods.The statistical population of the research is
experts in the software industry. In this regard, First, a theoretical basis
was obtained by examining the background. Second, we performed semi-
structured interviews and extracted and coded 115 phrases. Third, after
combining the general and subsidiary phrases, we reached 84 phrases,
and by combining similar phrases, we selected 29 phrases. Forth, after
Categorizing those phrases, we determined the six axes of uncertainty
and used the fuzzy Ahp technique and Geometric Buckley averaging in
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Microsoft Excel to rank those six axes. This ranking is as follows, 1-
uncertainty on resources, 2- uncertainty on competition, 3- uncertainty on
technology, 4- uncertainty on politics, 5- uncertainty on agents, and 6-
uncertainty on customers. Finally, the model of evaluating
entrepreneurial opportunities in conditions of uncertainty is designed

using a fuzzy approach in the software industry.

Keywords:  Opportunity ~ evaluation, ~ Fuzzy  approach,  Technological
entrepreneurship, Uncertainty

1. Introduction

Understanding the nature and sources of uncertainty has been the
foundation of entrepreneurial decisions and the main focus of
entrepreneurship. The software industry is turbulent and faces a lot of
pressure due to rapid technological developments and innovations,
unpredictability, and tough competition. Research on identifying and
evaluating the uncertainties and opportunities that software startups
create is scarce. Therefore, extensive research is important in starting
software programs to help entrepreneurs make better decisions and avoid
choices that lead to business failure. Most of the research in this regard is
focused on the general process of entrepreneurship and is not specific to
the establishment of software companies. There are a set of opportunities
for entrepreneurship in the software industry, and to evaluate these
opportunities, we need a model that includes a list of quantitative and
qualitative criteria. Changes and dynamics, the complexity of the
industry, market, and technology make the importance of qualitative
components in decision-making to evaluate the opportunity to rise.

Therefore, due to the possibility of errors in choosing the right
opportunity or the right idea for the opportunity, as well as the lack of
knowledge to evaluate the opportunity in the conditions of uncertainty
and the needs of entrepreneurs according to the existing conditions, in
this research, we want to answer the question that " How is the evaluation
model of entrepreneurial opportunities in the conditions of uncertainty
using the fuzzy approach in the software industry?".

2. Literature Review
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The background of the topic regarding opportunity evaluation shows
that the logical and conceptual definition of the evaluation of existing
opportunities is divided into five categories, including evaluation from a
general perspective, profit estimation, loss estimation, perceived
desirability, and feasibility understanding (Mehdizadeh et al, 2022).

(Tomy and Pardede,2017) in the field of software entrepreneurship,
uncertainties are classified as political, technological, competitor,
supplier, consumer, and resource uncertainties.

According to the studies of uncertainty factors in the software
industry, it can be classified into six groups:

2.1. Political uncertainty

The political environment, Government support, Employment laws,
Taxation, and Economy (Eriksson and Li,2012; Skinner,2008; Sahoo and
Nauriyal,2014; Rakesh,2014).

2.2. Technological uncertainty

Technological developments, Innovation speed, Technological
infrastructures, and Alternate technological solutions (Dutot, Bergeron,
and Raymond,2014; Rose,2012).
2.3. Competitive uncertainty

Competitive environment, Type of competition, Leading competitor,
Share of market, and Marketing strategy (Rose,2012; Tribby,2013;
Wenzel ,2012).
2.4. Supplier uncertainty

Distribution channel, Alliances, Software licenses, and Presence of
substitute products (Wenzel,2012; Rose,2012; Skinner,2008)
2.5. Customer uncertainty
,  Potential market size, Segmentation, living conditions, Customer
needs, Purchasing power, and Purchase behavior (Eriksson and Li,2012;
Rose,2012; Shi, Xu, and Green,2014; Ng, Macbeth, and Southern,2014;
Wenzel,2012).
2.6. Resource uncertainty

Social networks, Capital, Technological resources, Patents and
copyrights, Skilled human resources, Innovation process, R&D,
Operating expenses, Revenue streams, and Entrepreneur’s education &
experience (Eriksson and Li,2012; Bergeron, and Raymond,2014;
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Wenzel,2012; Rose,2012; Eriksson and Li,2012; Ng, Macbeth, and
Southern,2014; Dutot, Bergeron, and Raymond,2014).

Considering the existence of severe uncertainty in the software
industry and also the lack of a comprehensive model regarding the
evaluation of uncertainty in the above industry, the purpose of this
research is to design a model for evaluating entrepreneurial opportunities
under conditions of uncertainty using the fuzzy approach in the software
industry.

3. Methodology

The research method is mixed in this research; therefore, interviews,
questionnaires, and expert opinions were used to advance the goals of the
research.

In this research and in general in qualitative studies, content analysis
method, continuous reference to literature and checking with participants
and experts are used.

In the first step, the results are content analysis, and in the second step,
they are analyzed and reported in the form of ranking and grading
techniques, as well as central indicators such as the average. In the
qualitative section, content analysis and coding were used for data
analysis.

And in the gquantitative part, weighting, variance analysis and multi-
criteria decision making were used. The fuzzy hierarchical process
method is used for weighting and ranking criteria or research options,
and there are three methods for calculating the weights in this analysis,
Chang's development analysis method, improved method, Mykhailo's
fuzzy prioritization method, which is from the method We use improved
due to more appropriateness in this regard.

4. Conclusion

These results indicate that in order to make a better decision regarding
the evaluation of entrepreneurship opportunities in the software industry,
according to the level of uncertainties in the mentioned criteria, better
decisions can be made and as a result, the degree of this uncertainty for
companies Software is reduced. The step-by-step procedure is as follows:

Step 1- Determining the sub-criteria of uncertainty in the
entrepreneurship opportunity, Table 11
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Step 2- Quantitative calculation of each opportunity according to
the final weight under the criteria of each opportunity, Table 11

Step 3- Quantitative comparison of available opportunities
Step 4- Choosing the right opportunity

To use the model (Figure 2), first we consider the value of n to be zero
and let m equal to the number of opportunities that we want to compare,
the comparison matrix of opportunities E(n+1..., m+1) We form, we
select the sub-criteria related to each opportunity and we calculate the
quantitative results of each opportunity according to the final weight of
the sub-criteria of that opportunity in Table 11 and put it in the matrix.
Opportunity occurs with the least amount of uncertainty.

According to the analysis done, the criterion of resource uncertainty
has the first rank, competitive uncertainty has the second rank,
technological uncertainty has the third rank, political uncertainty, agent
uncertainty and customer uncertainty are in the fourth to sixth ranks.

The findings show that among the 29 sub-codes, uncertainty caused by
distribution channels with a weight of 0.1111 has the first rank of
uncertainty, uncertainty about the economic conditions of society with a
weight of 0.0812 has the second rank, competition in the environment
with a weight of 0.0689 ranks third. Market share with a weight of
0.0668 ranks fourth and income stream with a weight of 0.0539 ranks
fifth. The weight and next rank of other criteria can be seen in Table 11.

Considering the very high speed of innovations in the software
industry and the change in demand for new technologies and products,
the uncertainties related to distribution channels are presented as a
powerful uncertainty, considering those new technologies Because of
their unstable and unpredictable nature, a more complex technology
increases the level of uncertainty. Uncertainty requires evaluating new
technology or innovation in terms of price, performance, and quality.
Compared to other sectors, technological advancements in the software
industry grow much faster, so it is important to keep up with the
technology to avoid threats and misunderstanding opportunities.

There is great uncertainty about customer expectations of innovative
software products or services. Start-up companies often develop software
applications with customers and end users fully known. Therefore, to
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exploit an opportunity, the entrepreneur must understand certain aspects
of the user's needs.

A number of sources of uncertainty occur throughout the software life
cycle and are unavoidable. The proper management of these uncertainties
is very significant because they have been identified as the main
determinants for the effective achievement of software projects whose
performance is optimal.
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Table 2: Demographic variables

9.52 2 (Woman)y; i
90.48 19 (Man)s ,» (gender)
38.10 8 (bachelor) .t s
28.57 6 (Master) s 5| s s ez

. (Education)
33.33 7 (PhD)1 ;s
28.57 6 30-35 .
52.38 11 35-40 e
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19.04 | 4 | 40-45 |

(Age)
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Table 3: Pairwise comparisons of criteria (inconsistency rate: 0.02)
A B il D T E F
A (1,1.1) (1.578.2.155.2.653)/(1.692,2.578,3.402) (0.671,0.871.1.196)|(0.896,1.282.1.712) (1.116.1.614.2.218)
B|(0.377.0.464,0.634) (1.1,1) (1,1.231,1.39) (0.273,0.376,0.616) (0.379.0.571,0.856) (0.66,0.719,0.812)
C (0.294,0.388,0.501) (0.719,0.812,1) (1.1, (0.66,0.719,0.812) (1,1,1) (1.002,1.424,1.898)
D| (0.836,1.149,1.49) (1.625,2.656,3.669)| (1.231,1.39.1.516) (1,1.1) (1.231,1.39.1.516) (1.168.1.753.2.639)
E| (0.584.0.78.1.116) (1.168.1.753.2.639) (1.1.1) (0.66.0.719.0.812) (1,1.1) (0.617.0.66.0.719)
F| (0.451,0.62,0.896) (1.231,1.39,1.516) |(0.527.0.702,0.998)/(0.379,0.571,0.856) (1.39,1.516,1.621) (1,1,1)

(2509 15,5 5Lwbi £ ) gbio ylinob! @ (glajlure 5 (25 Clnlio ~£ g
Table 4: Pairwise comparisons of resource uncertainty subscales (inconsistency

rate: 0.01)

Al A2 A3 A4 A5 A6 A7 A8
Al (LLD) (0.445,0.641,0.902) | (1.699,1.974.2263) (2.2373.3264.483) (1.074,129.1.623) (0.63,1.012,1.644)  (0.552,0.785.1.084) (0.48,0.703,1.012)
A2 (1.109,1.56,2.24T) (L.L1) (3.4.5) ,5.72.6.732) | (2.048.3.301.4441) (1.516,1.9332.297) (1,1.516,1.933) (1,1.516,1933)
A3 (0.442,0.506,0.580) (0.2,0.25,0333) (L1 30,3.69) | (0.675,0.001,1256) (0.272,0370.0.644) (0.220 0425 (0.220,0.207,0.425)
A4 (0.223,0.301.0.447) (0.149,0.175.0.213) | (0.272,0.379.0.644) (1,113 (0.381.0.435,0517)  (0.189,0.238.0.322)| (0.16 253) | (0.186.0.2.0.233)
A5 (0.616,0.775,0.931) | (0.225,0.303,0.488)| (0.796,1.11,1.48) | (1.933,2.2972.62T) (1,1.1) (0.435,0.696,0.944) | (0.435,0.459, 0488) (0.435,0.459.0.488)
A6 (0.608,0.988.1.587) (0.435,0517,0.66) | (1.53522.639368)  (3.10442135.278) | (1.059,1.4372297) (1,113 (0.317,0.66,1) (0.517,0.66.1)
AT (0922,1.2741813) (0517,0.66.1)  (2.352.3.3664373) (3.959,5.004,6.034) (2.0482.1782297) (1.1.516,1.933) (111 (L1,1)
AB (0.988,14222083) (05170.66.1) | (2.352.3.36645373) (3.950,5.004,6.034) (2.0482.1782297) (1.1.516,1.933) (1.1.1) (L1,1)

*50) 16y 5Lwb £ 5) e lsebl pas (51 )lro 5 (295 Clwlio -0 Jgar
Table 5: Pairwise comparisons of customer uncertainty criteria (inconsistency

rate: 0.01)
Bl B2 B3 B4 B5 B6
Bl 1,1, (1.358,1.933,2.564) (0.279,0.341,0.425) (0.668,0.895,1.251) (1.534,1.73,1.896) (0.463,0.66,1.116)
B2 (0.39,0.517,0.736) 111 (0.24,0.287,0.347) (0.523,0.659,0.825) (0.668,0.895,1.251) {0.341,0.435,0.577)
B3 (2.353,2.93,3.587) (2.88,3.482,4.171) 1,1,1) (1.732,2.297,2.932) (2.353,2.93,3.587) (1.212,1.518,1.911)
B4 (0.799,1.118,1.498) (1.212,1.518,1.911) (0.341,0.435,0.577) (1,11 (1.358,1.933,2.564) (0.527,0.876,1.26)
Bs (0.527,0.578,0.652) (0.799,1.118,1.498) (0.279,0.341,0.425) (0.39,0.517,0.736) (L13) {0.463,0.66,1.116)
Bé (0-896,1.516,2.158) (1.732,2.297,2.932) (0.523,0.659,0.825) (0.793,1.141,1.896) (0.896,1.516,2.158) 1,11

50 e v i )5 £ ) dole lisebl pas (gl lhme o (29 Sl —T g
Table 6: Pairwise comparisons of factor uncertainty subscales (inconsistency
rate: 0.000)
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c1 C2
c1 (1,1,1) (4.453,5.273,6.198)
C2 (0.161,0.19,0.225) (1,1,1)

(+50 2 €25, 5Lbi £ 5) (B, olimobl pas (g1a)kro s 5 (295 ol lio —V Jga
Table 7: Pairwise comparisons of competitive uncertainty subscales
(inconsistency rate: 0.004)

D1 D2 D3 D4
D1 (1,1,1) (1.072,1.473,1.783) (0.851,1,1.116) (1.072,1.473,1.783)

D2 (0.561,0.679,0.933) (1,1,2) (0.492,0.616,0.896)  (0.896,0.933,1)
D3 (0.896,1,1.175) (1.116,1.625,2.034) (1,1,1) (1.116,1.149,1.175)
D4 (0.561,0.679,0.933) (1,1.072,1.116) (0.851,0.871,0.896) (1,1,1)

(010 +0 305,85l £ 3) (S35 olinab] s (510, lone 0 295 Slulio ~A S5

Table 8: pairwise comparisons of technological uncertainty criteria (inconsistency rate:

i i ~ 0.005) ] 7
E1 E2 E3 E4 ES
El (1,1,1) (1.072,1.578,2.094) (0.293,0.413,0.652) (0.479,0.645,0.851) (1.414,2.011,2.521)
E2 (0.478,0.634,0.933) (1,1,1) (0.224,0.289,0.408) (0.408,0.447,0.5)  (1,1.414,1.732)
E3 (1.534,2.421,3.415) (2.449,3.464,4.472) (1,1,1) (0.866,1.155,1.581) (3,4,5)
E4 (1.175,1.55,2.088) (2,2.236,2.449) (0.632,0.866,1.155) (1,1,1) (2.236,2.449,2.646)
E5 (0.397,0.497,0.707) (0.577,0.707,1) ~ (0.2,0.25,0.333) (0.378,0.408,0.447) (1,1,1)

(#50) 105y 5Ub £ ) ol o] @ (5l lro 15 (295 lumslio -4 J g
Table 9: Pairwise comparisons under measures of political uncertainty
(inconsistency rate: 0.01)

F1 F2 F3 F4

F1 (1,1,1) (0.851,0.963,1.103) (0.851,0.963,1.103) (0.277,0.317,0.379)
F2 (0.907,1.038,1.175) (1,1,1) 1,1,1) (0.186,0.23,0.306)
F3 (0.907,1.038,1.175) (1,1,1) 1,1,1) (0.186,0.23,0.306)
F4 (2.64,3.152,3.607) (3.27,4.34,5.384) | (3.27,4.34,5.384) (1,1,1)
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Table 10 - Fuzzy and non-fuzzy weights of the main criteria

— W Loy 3
JLne ol J'fn W  ERES L"_‘,L‘H; LJ S
c '_t ~ (H 1P1.r) {F[ s %bilt} (Non- | (Normal
riterion uzzy weit ;
(Geome;mc Zy g fuzzy | weight)
mean weight}
cJIILn UL..oJ.-:J gle , .
® ’ ) inty) (1.102,1.468,1.857) | (0.143,0.234,0.367) 0.245 0.2343
esource uncertainty
2 i gl
{ SO 'm_ ) (0.543,0.667,0.85) | {0.071,0.106,0.168) | 0112 | 0.1081
Customer uncertainty ' e '
oL (0.72,0.828,0.985) | {0.094,0.132,0.194)
(Supplier uncertainty) ' B | 0138 | 01323
oy Glalsl pas _ N .
. ) 1.157,1.476,1.792) | {0.151,0.235,0.354) 0.244 0.2335
(Competitive uncertainty)
3908255 el
‘-"_{u““}fi'"" el i (0.808,0.93,1.095} [ {0.105,0.148,0.216) 0.155 0.1480
(Technological uncertainty)
el lisabel pas ) N i
[P litical i ) 0.732,0.858,1.111) | {0.095,0.143,0.213) 0.150 0.1439
olitical uncertainty

n
2\ 17
i=1

(5.063,6.267,7.689)

ybxe 325 2l 09—V Vg
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Table 11- Final weight of sub-criteria
g, ) )
Ll 2o iy | oS 09 a8 o 55 5 o
Y Y e e 0 o
Hhmo s . . o Hlro . Criteria and
_ Final | Relative under the criteria Weight o
Final . . Code criteria code
weight | weight
rank
L] aolio Al
14 | 0.0291 | 0.124 dl e e -
Human resource skills
s b A2
5 | 0.0539 | 0.230 e ot
Income stream
Il di s A3
25 | 0.0143 | 0.061 (ob lal e
Project execution cost
To5 5 A4
29 | 0.0080 | 0.034 299 29)
Innovation process wlbe Glisebl pac
Co 5l o8 A5
21 | 00183 | 0.078 o ol 0.2343 A
Copyright laws (Resource
S95S5 aulie A6 uncertainty)
13 0.0302 0.129 Technological
resources
B8 425 5 Sbjgel AT
10 0.0401 0.171 Education and
experience
o 3yel A8
9 | 0.0405 | 0.173 AR
Time estimate
008 L oosll Bl
24 | 00154 | 0.142 s ik ol
Potential market size e L)
Obyie (68 bl B2 riie Glebl pie
28 | 0.0095 | 0.088 | Customer working 0.1081 B
. (Customer
conditions )
RN B3 uncertainty)
12 | 0,0349 | 0.323 Sruss S
Customer needs
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Shme : : T slme : Criteria and
_ Final | Relative under the criteria Weight o
Final . . Code criteria code
weight | weight
rank
S yudie 5 ()08 B4
23 0.0169 | 0.156 Customer buying
power
S puiio o 3 )8y Dl s BS
27 | 0.0107 | 0.099 | Customer purchasing
behavior changes
bl 3L puses B6
18 | 0.0206 | 0.191 Insufficient
description of
requirements
5 b JUls Cl L
1 | 01111 | ogso |  &Fue>d Jole ligabsl pis
Distribution channels C
TS 2 0.1323 Supoli
17 | 0.0212 | 0.160 Qi Y g (Supplier
Alternative products uncertainty )
3 0.0689 | 0.295 Competition in the
environment
W3l 205548 b D2
18y olebl pac
8 | 0.0465 | 0.199 A powertul D
competitor in the 0.2335 .\
market (Compeptlve
m D3 uncertainty)
4 | 00668 | 0.286 2% e
Market share
bl el D4
7 | 0.0514 | 0.220 I ST
marketing strategy
15 | 00253 | 0171 | Vs 0.1480 |  (lisabl pac
Technological
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_ Final | Relative under the criteria Weight o
Final ) : Code criteria code
weight | weight
rank
advances EENNY
22 | 00170 | 0.115 Sl s E2 E
' ' Speed of innovation (Technological
Gl py slo e,y g anl | E3 uncertainty)
6 0.0539 0.364 Processes and
software methods
11 0.0383 0.259 Technology
infrastructures
i 3,yiliw] E5
26 | 0.0136 | 0.092 pamte S
Specific standard
Lo F1
16 | 0.0217 | 0.151 b b
Political environment
cdgd les yilgd F2
19 0.0206 0.143 Government ol b pie
protection laws F
sl 5l a8 F3 0.1439 ..
19 | 0.0206 | 0.143 e o (Political
' ' EmpI(_)yment uncertainty)
protection laws
anols (oolasdl Loy s F4
2 0.0812 0.564 | Economic conditions
of society

(S e g Lo
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Figure 2 - Model for evaluating entrepreneurial opportunities in conditions of
uncertainty in the software industry
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