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Abstract: Digital transformation necessitates fundamental changes in business processes,
business models, and even cultures of the companies. DT projects provide a substantial value to
the business competition and effect their market shares. In order to reach these results, digital
transformation projects should be carefully analyzed and evaluated. In this paper, we focus on
digital transformation project prioritization problem under multiple criteria. Just like many other
technology related decisions, digital transformation problems are inherently uncertain, which
leads researchers to employ the fuzzy set theory. Interval Valued Type-2 Intuitionistic Fuzzy Sets
(IVT2IFS) are a relatively new extension of fuzzy sets which take into account membership and
non-membership values as an interval. In this paper, we utilize Interval Valued Type-2
Intuitionistic Fuzzy TOPSIS method for a digital transformation project prioritization problem
and apply the model to a real-world example.
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1 Introduction

Using digital technologies to generate innovation by modifying processes and businesses is called
digital transformation (DT) [9]. In DT, a systematic approach should be used since the
transformation process is highly complex, and different departments of the company should in
involved [7]. In other words, DT aims to apply digital technologies innovatively, so that
organization of a company and its operations change dramatically [4, 14] focus on the
organizational change that DT can cause and state that business capabilities, inner and outer
relationships, and business processes can be redefined as a result of DT projects. Lucas et al. [13]
also emphasize that DT can go beyond traditional business processes improvements and it can
facilitate as a tool to create new types of organizations, by revising value creation, customer
relationships, and organizational culture. As a result of emerging technologies, companies face
different DT project alternatives which have different investments and returns. Literature re-view
show that criteria such as budget, energy savings, effects on competitive-ness, strategic value are
used to select DT projects. In order to reach robust results, DT projects selection must be modeled
as a multi-criteria decision-making problem, and various decision criteria should be involved in
the decision-making process.

Multi-criteria decision making using exact values in the decision matrix is rarely realistic. It
generally falls short of considering the uncertainty in human perceptions and thoughts. Fuzzy set
theory offers the advantage of adding this uncertainty to the evaluation process by digitizing it
with appropriate techniques. The literature provides various applications of fuzzy sets [10, 12,
16, 17]. Interval Valued Type-2 Intuitionistic Fuzzy Sets (IVT2IFS) are an extension of
traditional fuzzy sets which allow decision makers to assign membership and non-membership
values as an interval. In this study, a multi-criteria decision making model for digital
transformation project evaluation is developed. IVT2IF TOPSIS method is used to solve the
problem in a real world case study.

The structure of the paper is as follows: Section 2 presents a brief literature review on DT
selection and lists the criteria. Section 3 explains IVT2IF TOPSIS method while Section 4 gives
the solution of the real-world application the final section gives discussions and concludes the

paper.

2 DT project selection

Over the last decade, organizations are subject to immense change as a result of advances in
technology such internet of things, data analytics, and artificial intelligence. This change is
entitled DT and it is defined as the process of using digital technologies to create innovation in
business processes and customer experience. Wade [20] reports that the new advancements in
technology such as mobile applications, social media, 10T, business analytics, artificial
intelligence, and share economies are the leading drivers for DT. Whereas, only using these new
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advancements is not the key to a successful DT. Developing the necessary capabilities, culture,
strategies and human resource are the real drivers behind a successful DT project [11]. Besides
these key elements, customer attitudes and expectations, the changing trend towards digitalization
on the industry, the industry completion level, and the regulatory changes are the factors that
force companies towards DT [2]. On the other hand, various barriers limit the success and
adaptation of DT projects. Chen et al. [3] conducted an interview based approach for defining the
barriers to DT. According to this study, there are four barriers, namely, absence of funding,
absence of digital capability, absence of human resources, and technical barriers.

The literature also provides some insight into the criteria to be used for DT project selection.
The criteria and associated references are as follows:

Budget: This criterion refers to the economic perspective of the project. Budget criterion
has been used in the project select literature [18, 19]. Like other projects, DT projects need initial
investment and the amount of required investment affects the decision.

Materials savings: DT projects may also create materials savings because of effective
process design. As a result of rising productivity and reductions in waste, It’s estimated that only
mine digitalization could save $370 billion per year by 2025 [5].

Effects on competitiveness: Competitiveness indicates the capability and performance of an
institution, with respect to the performance of other institutions. In the literature, alternative
projects’ effect on the competitiveness of the company is proposed as an important criterion [18].

Labor savings: One of the most obvious expected benefits of DT projects is labor savings
[6]. As the process is digitized the number of employees is expected to decrease. As a result,
labor savings affect the return on investment of projects so they can be used as a criterion for
digital transformation project selection [8].

Improved decision making: Since DT projects digitalize the process, data about processes
can be collected and visibility throughout the company increases, and managerial decision-
making can be empowered. Depending on the nature of the projects, the effect of each DT project
can be different. Under this criterion, the DT projects are evaluated based on their effects on the
decision-making process [18].

3 Interval Valued Type-2 Intuitionistic Fuzzy TOPSIS

Traditional Fuzzy sets are based on the membership value of an element. Later, extensions of
fuzzy sets have been proposed to define information in better ways. Type-2 Intuitionistic Fuzzy
sets are one of these extensions, however, it uses membership, non-membership and hesitancy
parameters when defining a set element. In one perspective it is similar to intuitionistic fuzzy sets
(IFS) but allows researchers to assign membership, and non-membership degrees in a wider area
when compared with IFS [1]. In Type-2 Intuitionistic Fuzzy sets (T2IFS), squared sum of a
membership degree and a non-membership degree must be equal to or less than one. Let U be a
universe of discourse. A T2IFS P an can be defined as,

P ={x, P(up(x),vp(x))|x € X} (1)
where up : X — [0,1] shows the membership degree and vp:X — [0,1] shows the non-
membership degree. Interval Valued Type-2 Intuitionistic Fuzzy Set (IVT2IFS) can be
represented by P = {(x, [u7, u3], [v5, vi])|x € X}. IVT2IFS, membership and non-membership
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values are assigned as intervals. TOPSIS method has been extended by using IVT2IFS. The steps
of IVT2IF TOPSIS is given as follows [15].

Step 1. By using the linguistic scale given in Table 1 decision matrix [Y»] involving IVT2IFSs
are constructed as in Eq. (2) and weights of the criteria W are determined.

Table 1. IVT2IF scale

Linguistic Terms Corresponding IVT2IFS
Certainly Poor (CP) ([0.00, 0.00], [0.90, 1.00])
Very Poor (VP) ([0.10, 0.20], [0.80, 0.90])
Poor (P) ([0.20, 0.35], [0.65, 0.80])
Medium Poor (MP) ([0.35, 0.45], [0.55, 0.65])
Medium/Fair (F) ([0.45, 0.55], [0.45, 0.55])
Medium Good (MG) ([0.55, 0.65], [0.35, 0.45])
Good (G) ([0.65, 0.80], [0.20, 0.35])
Very Good (VG) ([0.80, 0.90], [0.10, 0.20])
Certainly Good (CG) ([0.90, 1.00], [0.00, 0.00])

[ P(lwpefi) v vl 0 Pl tn], [vin, 1]
Yp= : : (2
Xm LP ([ttm1, 1 ] Vi1, vma D)+ Pt timn ) [Vimns Vi)

where n denotes the number of criteria (j = 1,...,n) and m denotes the number of
alternatives (i = 1, ..., m).

Step 2. In case of multiple decision makers, Expected IVT2IF judgments are formed for each
decision maker k by using Eqg. (3). The optimism level of the decision makers are defined
with a parameter 1€[0,1]e where the number bigger than 0.5 denotes an optimistic
decision maker whereas numbers lower than 0.5 denotes a pessimistic decision maker.

iy = (1= Aui§ + it ‘)
vl = Al + (1= 2ufs

Step 3. Aggregated decision matrix ?agg = (Mij, Vij, ij)mxn IS Obtained based on expected
IVT2IF judgments as in Eq.(4) where ¢, is the relative weight of the decision maker k.

Yagg = <\/1 — MR-, (1 - (#ijk)z)(pk,nf=1(vfj)(pk> (4)

Step 4. Positive Ideal Solution (PIS) and, Negative Ideal Solution (NTS) are defined by using
the maximum and minimum scores of alternatives as in Eqg. (5) and Egs. (6-7).
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Score(P(x1)) = g, — vz, (%)
{PIS = Pj,maxiScore(Pj(xl))} J=1,..,n (6)

{NTS = Pj,maxiScore(Pj(xl))} J=1..,n (7)

Step 5. The distances from each alternative to the PIS and the NIS are calculated by using Eq.
(8) and (9).

D*(x;, PTS) = =30y wy x (| — ()2 + w2 — P+ |m? - D) (8)
D™ (2, NIS) = 237wy X (|ud — (2] + v — )| + m — (m?]) (@)

Step 6. Relative degree of closeness values U (x;) are obtained by using Eq. (10).

D™ (xl-,I\TTS)
D~ (x;,NIS)+D* (x;,PIS)

U(x;) = (10)

Step 7. The alternatives are ranked by using U(x;) values. Larger U(x;) indicate a better
alternative.

4 Numeric application

In this study, a selection problem among five digital transformation projects (DTP1, DTP2,
DTP3, DTP4, and DTP5) is handled by considering five criteria, which are “C1: Budget”, “C2:
Labor savings”, “C3: Material savings”, “C4: Effects on competitiveness”, and “C5: Improved
decision making”. The Budget criterion refers to the total cost of ownership which include initial
investment and running costs. Labor savings criterion, on the other hand, refers to the effects of
the project on labor costs. Digital transformation projects are expected to decrease labor efforts.
In a similar manner, Material savings criterion refers to the effects of the projects on materials.
Digital transformation projects enable better use of materials so a decrease in material costs is
expected. Besides the economic effects, digital transformation projects may change the
competitiveness of companies. Effects on competitiveness criterion refers to influence of the
project on the competitiveness of the company. Improved decision making, is the last criterion
which is taken into account.

Digitization of process enables collection of extensive data which are later used for better
decision making processes. Because of the privacy concerns, details about the alternatives are
not given in the paper. But the topics of the projects are as follows: DTP1: Manufacturing process
traceability, DTP2: Robotics for packaging, DTP3: Additive manufacturing for experimental
prototypes, DTP4: Robotics for test and inspection, DTP5: Automated robots for Warehouse
management

The decision model is constructed together with the key managers of the company, taking into
account literature reviews as well. The weights of the criteria are determined as: 0.25, 0.15, 0.15,
0.25, and 0.20, respectively. The managers are asked to evaluate the alternative with respect to
each criterion and assign aggregated decisions. Table 2 represents the linguistic evaluations of
the decision makers.
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Table 2. Evaluations of the decision makers

Criterion DTP1 | DTP2 | DTP3 | DTP4 | DTP5
C1l F MG VP MP G
C2 P MG P MP G
C3 VP P F MG MP
C4 G MG MG G F
C5 VG MG P P MG

The linguistic evaluations given in Table 1 are later transformed into Interval Valued Type-2
Intuitionistic fuzzy sets (Table 3).

Table 3. Interval Valued Type-2 Intuitionistic Fuzzy Evaluations

Criterion DTP1 DTP2 DTP3
C1 ([0.45, 0.55], [0.45, 0.55]) [([0.55, 0.65], [0.35, 0.45]) (([0.10, 0.20], [0.80, 0.90])
C2 ([0.20, 0.35], [0.65, 0.80]) |([0.55, 0.65], [0.35, 0.45]) (([0.20, 0.35], [0.65, 0.80])
C3 ([0.10, 0.20], [0.80, 0.90]) (([0.20, 0.35], [0.65, 0.80]) [([0.45, 0.55], [0.45, 0.55])
C4 ([0.65, 0.80], [0.20, 0.35]) |([0.55, 0.65], [0.35, 0.45]) [([0.55, 0.65], [0.35, 0.45])
C5 ([0.80, 0.90], [0.10, 0.20]) (([0.55, 0.65], [0.35, 0.45]) (([0.20, 0.35], [0.65, 0.80])
Criterion DTP4 DTP5
C1 ([0.35, 0.45], [0.55, 0.65]) [([0.65, 0.80], [0.20, 0.35])
C2 ([0.35, 0.45], [0.55, 0.65]) [([0.65, 0.80], [0.20, 0.35])
C3 ([0.55, 0.65], [0.35, 0.45]) [([0.35, 0.45], [0.55, 0.65])
C4 ([0.65, 0.80], [0.20, 0.35]) (([0.45, 0.55], [0.45, 0.55])
C5 ([0.20, 0.35], [0.65, 0.80]) [([0.55, 0.65], [0.35, 0.45])

After applying the steps of the methodology, the score values of the alternatives are calculated
and given in Table 4.

Table 4. Score values

Criterion DTP1 | DTP2 | DTP3 | DTP4 | DTPS
C1 0.10 0.30 -0.60 | -0.10 0.60
C2 -0.30 0.30 -0.30 | -0.10 0.60
C3 -0.60 | -0.30 0.10 0.30 | -0.10
C4 0.60 0.30 0.30 0.60 0.10
C5 0.80 0.30 -0.30 | -0.30 0.30
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By using score functions, the negative ideal and positive ideals are determined. Later distances
of each alternative to ideal solutions are calculated. Finally, the Closeness coefficient is
calculated. The resulting values and alternative rankings are given in Table 5.

Table 5. Distances and Rankings

DTP1 | DTP2 | DTP3 | DTP4 | DTP5
Distance to Positive Ideal 0.33 0.34 0.32 0.39 0.47
Distance to Positive Ideal 0.18 0.19 0.25 0.27 0.28
Closeness Coefficient 0.33 0.34 0.32 0.39 0.47
Ranking 4 3 5 2 1

The results reveal that DTP5 (Automated robots for Warehouse management) is the best
alternative and it is followed by DTP4 (Robotics for test and inspection) and DTP2 (Robotics for
packaging).

5 Conclusion

DT is shifting the flow of the business operations and management. By using DT existing
industries are being redesigned and new business models are created. Prioritizing the projects and
initiating the right projects generate a significant business performance. In this study, a decision
model for DT project prioritization is proposed and the decision model is solved by using Interval
Valued Type-2 Intuitionistic fuzzy TOPSIS method.

The generalizability of the results is very low but the decision model and method can be used
in different conditions with different alternatives. For future studies, DT project selection
problem can be solved by using other extensions of fuzzy sets such as circular fuzzy sets, picture
fuzzy sets, and g-rung orthopair fuzzy sets. The results provided by these methods can be
compared with the results of this study.
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