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Abstract  
Today, one of the important frameworks in understanding and recognizing digital transformation in all activities is the 

digital transformation maturity model. Understanding the dimensions and stages of maturity is important for 

transportation decision makers because in this way they can make appropriate management decisions by understanding 

the position of their organization in the maturity of digital transformation. The main purpose of this study is to present 

the maturity model of digital transformation capability, determine its stages, and investigate the use of Intelligent 

Transportation Systems and the maturity of transportation-related activities. In this paper, meta-synthesis is used to 

study the different models and stages of digital transformation maturity in various scientific databases on the Internet 

and provide a comprehensive summary of the dimensions and stages of maturity. After evaluation, 30 transportation 

companies in Tehran and their main activities were selected. By analysing the dimensions and stages of maturity in 

previous papers, the maturity model presented in this paper includes five stages and 10 dimensions in transportation 

area. These dimensions include digital management, information technology, manpower, operations and processes, 

culture, organizational structure, innovation and change, new strategies, intelligent products and services and customer 

orientation .Therefore, the maturity of 14 transportation activities was measured. The results showed that most 

transportation activities are at level three of the maturity model. Also, dimensions that scored the most are, 

respectively, digital process and operations of transportation, digital innovation in transportation, structure and 

governance, and digital management in transportation. 

Keywords: Digital Transformation, Transportation, Meta-Synthesis, Maturity Model, Intelligent Transportation 

Systems 
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1.        introduction 

In recent years, the number of papers and 

scientific research in the field of digital 

transformation and intelligent transportation 

systems (ITS) has increased. Various 

organizations and businesses have also made 

progress in the field of digital transformation. 

Modern technologies such as big data, cloud 

computing, Internet of things (IOT) social 

networks, smart sensors, and 3D printing are 

employed [Kempegowda and Chaczko, 2016] . 

Digital transformation is the profound 

transformation of business activities, processes, 

technologies, and models for full penetration 

and exploitation of opportunities and change 

through a combination of digital technologies 

[Berghaus and Back, 2016]. Digital 

transformation is driving the emergence of a 

new breed of organisations able to scale 

quickly, innovate throughout their processes, 

and lead industries and markets[Elia and 

Margherita, 2021].Also in today's world, ITS 

are one of the solutions to overcome 

transportation problems and developing and 

developed countries such as the United States, 

the European Union, and Japan have invested 

heavily in technology research and 

development as a basis for implementing ITS 

within cities and between cities. The age we are 

in now is the age of industry 4.0, i.e. the age that 

changes the business model and value 

proposition offered to customers by 

organizations. Utilizing technological 

requirements in this industry requires senior 

management support for projects and 

investments. It also requires a broad view of 

strategy, organization, operations, and products 

[Akdil, Ustundag, and Cevikcan, 2018]. Some 

of the characteristics of industry 4.0 are: 1) 

Digitization and integration of vertical and 

horizontal value chain, 2) Digitization of 

products and services, 3) Digital business 

models and digital customer access [Gollhardt 

et al, 2020]. 

When we talk about digital transformation, we 

mean industry 4.0 because the issues related to 

technology change, processes, products, 

business models, and others are similar in both 

fields [Ustundag and Cevilkan, 2018]. The 

digital transformation maturity model is a 

technical technique suitable for companies to 

transform their business and operations into 

industry 4.0.For companies looking to evaluate 

processes, products, and organizations and 

understand their maturity, this technique is a 

very important approach for industry 4.0 

[Akdil, Ustundag, and Cevikcan, 2018].The 

maturity models presented in the field of 

industry 4.0 can be somehow the maturity 

models used in the field of digital 

transformationbecause one of the most 

important keywords in industry 4.0 is digital 

transformation [Ustundag and Cevilkan, 2018, 

55]. Therefore, understanding the 

comprehensive maturity model in the field of 

digital transformation can have both richness 

and theoretical value for researchers in this field 

and practical value for organizations looking to 

implement and apply digital transformation 

technologies in their organization. 

Understanding the maturity of the 

transportation industry companies can also help 

managers of these organizations choose the 

current and future strategies in the field of ITS 

within cities and between cities. Companies 

that seek to evaluate processes, products, and 

organizations and understand their maturity, 

this technique is a very important method for 

industry 4.0 [Akdil, Ustundag, and Cevikcan, 

https://www.tandfonline.com/author/Elia%2C+Gianluca
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2018]. In recent years, the number of researches 

in the field of digital transformation has greatly 

increased;unfortunately, little research has been 

done in this field inside the country. So, it is 

relatively novel in this respect. Some industries, 

such as the banking industry, have sought to 

provide digital transformation roadmap4. As the 

first step in implementing digital 

transformation is to assess the maturity of 

digital transformation, The main purpose of this 

study is to present the maturity model of digital 

transformation capability, determine its stages, 

and investigate the use of ITS and the maturity 

of transportation-related activities. Since the 

researcher has used several papers in this 

research and analyses them qualitatively, it is 

scientifically sound and has remarkable results. 

This interdisciplinary research in the field of 

information technology and transportation is 

very important, because today, information 

technology is used in all areas, including 

transportation. Intelligent transportation 

systems are effective in collecting 

transportation data [Asdamarji et al 2019] and 

[Amiri et al,2020]. For example, data related to 

drivers [Nadimi et al 2020] can be collected 

using a driving simulator [Asdamarji et al 2019] 

In fact, since the use of intelligent systems in 

the field of transportation in different countries, 

we have witnessed the growth and development 

of digital transformation in different countries 

in the field of transportation.The digital 

transformation maturity in the field of 

transportation means the use of digital 

technologies and ITS in companies and 

activities in the field of transportation, which 

changes the performance of business and the 

use of up-to-date technologies such as Internet 

of Things, cloud computing. , Mobile 

                                                            
4http://www.ibena.ir/news 

applications, social media, virtual and 

augmented reality, data analytics, artificial 

intelligence and block chain in the field of 

transportation.  Some use of digital 

transformation in transportation in resent year 

papers are pattern detection using topic 

modelling for speed cameras based on big data 

abstraction that showing traffic management 

systems with digital transformation tools 

[Gholampour, Mirzahossein, and Chiu, 2020 ]. 

Analyzing automatic number-plate recognition 

data and image processing of real-time traffic 

maps for investigation [Mirzahossein et al, 

2021]. Digital Supply chain is one the area that 

important in this field, so study Literature 

Review on Maturity Models for Digital Supply 

Chains is good for understanding this area 

[Hellweg et al, 2021]. 

 But the fundamental question is at what level 

of digital transformation maturity is the 

transportation activity in Iran? To answer this 

question, it is first necessary to present an up-

to-date digital transformation model based on 

papers in the field of digital transformation 

maturity model. Then, based on its dimensions 

and components and examining them through a 

case study in transportation companies, we can 

identify at what level of maturity the activities 

of these companies are and to what level of 

maturity they can progress in this field. 

2. Research background 

The present paper consists of three parts with 

respect to research background: empirical 

background, theoretical background of research 

in the field of digital transformation and 

information technology (IT), and the 

background of ITS, each of which is briefly 

explained below. 

http://www.ibena.ir/news
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2.1. Empirical background of the 

research 

In the empirical background, a number of 

papers in the field of IT are reviewed, which 

used the meta-synthesis and survey method to 

develop the model or framework. In a study 

entitled "framework for measuring the value of 

IT business", the meta-synthesis method was 

used to develop a scientific framework in the 

research [Faizi, et al. 2017).In the research 

entitled "systematic mapping of e-commerce 

research", researchers used the meta-synthesis 

method to provide a framework for e-commerce 

researches [Asdamarji, Nemati, and 

Mohammadian 2016]. In the research entitled 

"presenting the maturity model of innovation 

capability based on customer knowledge and 

the meta-synthesis method", the meta-synthesis 

method was used to present maturity model in 

the field of customer knowledge [Pour Saeed 

Bonab et al., 2018]. Also, in the research 

entitled "providing a comprehensive 

framework for implementing Internet 

marketing using the meta-synthesis method", 

the researcher presented a comprehensive 

framework in the field of marketing using the 

meta-synthesis method [Manian and Ronaghi 

2015]. In another study entitled "designing a 

good e-governance model in the field of e-

learning in Iran", the model was designed 

through the meta-synthesis method and survey 

[Moghadasi et al. 2016]. The paper "presenting 

a roadmap for strategic alignment of knowledge 

management in Iranian government 

organizations (case study: Tehran regional 

electricity company)" polled experts on 

roadmap architecture of alignment knowledge 

management using a survey approach. It shows 

the application of roadmap in Tehran Regional 

Electricity Company via evaluation approach 

[Jamipour, Yazdani and Sadeghi, 2015]. 

2.2. Theoretical background of the 

research 

Today, with the growth and development of the 

use of the Internet in organizations and 

businesses’ willing to digitalize businesses, we 

are witnessing the emergence and increase of e-

commerce and e-business 

worldwide.Numerous models of maturity have 

been proposed by researchers in recent years in 

the field of digital transformation.The focus of 

each of these models is on one area of digital 

evolutionand each has different stages of 

maturity.The MIS Quarterly defines the 

effective dimensions of digital transformation 

including strategy, technology, digital 

diversity, organizational position, operational 

change, digital competence, financial issues, 

and investment [Hess et al., 2016].The maturity 

model considers other dimensions such as 

culture, organization, technical issues, and 

insight challenges as the main dimensions of 

digital transformation in the organization 

[Reisetal, 2018] .The stages of digital 

transformation in the DX model are mentioned 

as IT, supporting business needs, separation 

from other activities, coordinated, strategic, 

integrated, and agile business [Geschke, 

2017].The focus of the maturity model is on 

processes, and the levels of maturity of digital 

transformation as processes are poorly 

controlled or uncontrolled, processes 

temporarily planned and implemented, 

planning process and implementation of 

management methods, integration, 

interoperability, and exchange of information, 

digital process based on a stable technology 

infrastructure, and an organization with growth 

potential [Carolis, 2017].Stages of digital 

transformation maturity in another research 

include business before transformation, 

experimentation and learning, the necessity of 
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strategy, adaptation or destruction, transformed 

or being transformed, and created or 

destroyed.Effective dimensions in digital 

transformation based on another research are 

defined as process and technology [Solis, 

2016].The stages of maturity in the industry 4.0 

maturity model consist of digital novice, 

vertical alliance, horizontal alliance, and digital 

champion [Gollhardt et al, 2020]. Dimensions 

of maturity include digital business models and 

digital access of customers, digital products and 

services, digitization and integration of vertical 

and horizontal value chains, data and analysis 

as key features, agile IT architecture, digital 

compatibility, digital security, legal issues and 

taxes, organizations, employees, and digital 

culture.According to another study, the 

connected organizational maturity model owns 

the stages of evaluation maturity, controls and a 

secure and up-to-date network, data definition 

and organization, analysis, and 

collaboration.Effective dimensions in this 

maturity model involve information 

infrastructure (hardware and software), controls 

and devices (sensors, actuators, motor controls, 

switches, etc.) that receive and feed the data, 

networks that drive all this information, and 

security policies (perception, organization, 

implementation) [Gottschalk and Solli‐

Sæther,2006].The maturity model of industry 

4.0 has a shortage range of industry 4.0 support 

features to meeting the requirements of industry 

4.0.Dimensions affecting maturity in this 

research are digital strategy, digital leadership, 

customers, digital products, digital operations, 

digital culture, people, and technology 

governance framework [Schumacher, Erol, and 

Sihn, 2016].Another maturity model is model 

of maturity and industry 4.0 strategy readiness 

that has four levels: lack of digital 

transformation, digital transformation, and the 

survival of digital and mature transformation; 

the dimensions affecting maturity in this 

research include smart products and services, 

smart business process, digital strategy and 

digital organization [Akdil, Ustundag, and 

Cevikcan, 2018]. 

In some of the models reviewed in the literature 

review, only the dimensions were presented, 

and in others, only the stages of maturity were 

mentioned.Based on the explanations provided 

in the review of research theory and literature, 

various researches have been presented so far in 

the field of digital transformation maturity 

model,but the focus of each of these maturity 

models is on one area.Some focus on process, 

some on innovation, some on industry 4.0, 

some on strategy, some on hardware, and some 

on infrastructure issues; however, no 

comprehensive research has been done in this 

area so far,which clearly states what the most 

important dimensions of maturity are in the 

field of digital transformation.So far, no 

comprehensive review research has been 

conducted to evaluate all maturity models of 

digital transformation and present a 

comprehensive maturity model based on 

it.Therefore, the present study is a novel 

research in the field of digital 

transformation.This type of meta-research is 

very important among the disciplines. 

2.3. Application of IT in 

transportation 

The increasing use of ITS reflects the growth 

and development of transportation companies 

in the field of digital transformation. Here is a 

review of the research literature in the field of 

intelligent transportation systems. At the end, 

the maturity of transportation activities in the 

field of digital transformation has been 

investigated according to the maturity model 

presented in the present study. 

https://www.emerald.com/insight/search?q=Hans%20Solli%E2%80%90S%C3%A6ther
https://www.emerald.com/insight/search?q=Hans%20Solli%E2%80%90S%C3%A6ther
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ITSs are innovative tools based on information 

and communication technology (ICT) in the 

transportation sector. ITSs significantly 

contribute to a cleaner, safer, and more efficient 

transportation system [EC, 2011]. Research 

plays an important role in removing barriers to 

effective ITS absorption and penetration in the 

market [EC, 2012; EC, 2009]. Data from 

various systems in the field of transportation is 

increasing, the acquisition and processing of 

which can upgrade and improve ITS [Veres 

Matthew and Medhat Moussa, 2020]. 

Traffic monitoring system is an integral part of 

ITS and one of the important transportation 

infrastructures that transport activities use a lot 

of capital to collect and analyze traffic data and 

use them. Recent advances such as machine 

learning and wireless communication 

technologies have created a number of 

innovative traffic monitoring systems. This 

paper provides an overview of the most 

advanced traffic monitoring systems [WON, 

2020]. 

For example, the next paper states that the next 

generation of ITS will use machine learning. It 

also states that ITS includes a variety of 

services and applications such as road traffic 

management, passenger information systems, 

public transportation system management, and 

autonomous vehicles. ITS is expected to be an 

integral part of future urban planning because it 

will help improve road and traffic safety, 

transportation and transit efficiency, increase 

energy efficiency, and reduce environmental 

pollution. On the other hand, ITS poses various 

challenges due to scalability and diverse service 

quality needs as well as the huge amount of data 

it generates [Yuan et al., 2020]. 

In the next paper, machine learning (ML) is 

mentioned as the main element of ITS. In recent 

years, deep learning has emerged and become 

popular, triggering a storm in ITS. As a result, 

traditional ML models have been replaced in 

many applications by new learning techniques, 

and the ITS space is changing. This research 

tries to provide a clear picture of how different 

models of deep learning are used in several 

transportation applications [Wang et al., 2019]. 

Safety is one of the most important 

transportation activities in which intelligent 

transportation systems are used in various 

stages of data collection [sheikhfard, A & 

haghighi, F,2019], scenario making 

[Shikholeslami et al,2020], data analysis and 

systems evaluation [Asadamraji et al,2017]. 

ITS are an important factor in the intelligent 

cities’ model. At present, such systems produce 

large amounts of bulk data that can be analyzed 

to better understand the dynamics of individuals 

[Sobral, Galvao, and Borges, 2019]. 

Intelligent transportation systems are used in 

transportation economics studies and before 

and after studies and simulation of 

transportation and infrastructure projects 

[Akbari,A & Haghighi, F,2020] 

ITSs are one of the components of the 

intelligent cities of the future. Understanding 

the true potential of ITS requires extremely low 

delay and reliable solutions for real-time data 

analysis. Such data analysis capabilities cannot 

be provided by conventional cloud-based data 

processing methods with high communication 

and computational delay. Instead, there must be 

solutions tailored to the unique ITS 

environment in which data is processed at the 

level of an intelligent roadside or car sensor to 

overcome ITS delay and reliability challenges. 

With a higher capability in passenger 

compartments and in-vehicle processors, such a 

distributed computing architecture uses in-

depth learning techniques to reliably measure 

mobile phones in ITS. Preliminary results show 
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that the introduced analysis architecture, 

combined with the power of deep learning 

algorithms, provides a reliable, safe, and truly 

intelligent transportation environment 

[Ferdowsi, Challita, and Saad 2019]. 

In another paper, a number of transportation 

activities such as walking, running, cycling, 

buses, cars, trains, and subways use the pressure 

sensor and inertia of smart mobile data [Wang 

et al., 2018]. 

This paper examines the application of ICT in 

transportation. Various applications are 

examined under the headings of: network 

operation and management (all modes), 

information and guides for users (transportation 

systems), and exploitation and management of 

freight systems. For each of these, a brief and 

critical review is provided about various 

technologies that are in their final stages today. 

Applications consist of systems for collecting 

and disseminating traffic information, network 

control and traffic management, strategies, 

vehicle control and driver assistance, and 

charge collection systems (electronic or others); 

specifically for transportation, they consist of 

transportation resource management, 

communication systems and terminals and 

ports, cargo tracking and tracking of vehicles, 

and logistics systems "front or behind the 

office" [Giannopoulos, 2004]. 

Dynamic and uncertain demand forces 

organizations to provide flexible services in 

order to meet customer demands. Freight 

transport, as a key component of businesses, 

requires the adoption of efficient ICT that can 

induce transparent and flexible services. The 

findings of this study showed the aspects of 

development, customer services and 

technology, as well as data transparency, 

reliability, and organizational culture as the 

most important factors and sub-factors, 

respectively. The proposed model guides 

freight managers to formulate their strategies 

about acceptance [Shardeo, Patil, and Madaan, 

2020]. 

For example, according to a research in the field 

of transportation, an accident may occur due to 

three factors: human, road and environment and 

vehicle, each of which alone or in common with 

other factors contribute to its occurrence. The 

use of information technology in cars and on the 

road can play an important role in reducing 

accidents. Therefore, digital technology in 

transportation can be a vital factor in the 

maturity model of digital transformation 

[Asadamraji et al, 2017 ] and [Asadamraji, M & 

Yarahmadi, A]. 

3. Research methodology 

Research method is one of the most important 

and basic stages in any research and is mainly 

derived from the worldview or the researcher 

paradigm [Hashemi, Alvadari, and Daraei 

2016]. The method used in the present study is 

fundemental-applied in terms of purpose and 

mixed (qualitative-quantitative) in terms of data 

collection method. The present study consists 

of three main stages, and in each stage, a 

research method is used (Figure 1). 
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Figure 2. Details of conducting research base on the meta-synthesis method

The main method used in the present study is 

meta-synthesis research method [Asdamarji, 

Nemati, and Mohammadian, 2016]; the details 

of its steps are shown in Figure 2. 

The number of initially found papers was 228, 

which increased to 145 papers after reviewing 

the titles; after reviewing the keywords, the 

number of papers decreased to 123, and after 

reading the abstract, the number of papers was 

reduced to 98. After reviewing the full text of 

the papers, 63 papers remained, and finally, 

after using the business tool looker, 28 papers 

were used to evaluate and present the maturity 

model. 

Critical Appraisal Skills Programme (CASP) 

tool was used to assess the quality of qualitative 

studies extracted from the meta-synthesis 

process. The results of the review of the 28 final 

papers obtained by applying the research 

method are provided in Appendix A. 

3.1. Evaluation of the validity and 

reliability  

The inter-coder agreement method was used to 

evaluate the reliability of the codes extracted  

from the papers. Thus, in addition to the coder 

who has done the initial coding another coder 

encoded the same text that the researcher 

himself encoded separately without knowing 

his codes. If the researcher’s codes are close to 

each other, it indicates a high consistency 

between them, indicating reliability. Kappa was 

used to calculate the inter-coder agreement. The 

calculation procedure is as follows (Table 1): 

Arranging research questions 

What: Maturity model of digital 

transformability 

Who: Articles published in various 

scientific journals and databases 

When: From 2013 to 2017 

How: Quantitative, qualitative, 

andintegration articles 

Systematic review of texts 

Using appropriate keywords to 

review in various scientific 

databases such as Science 

Direct, Springer, Elsevier, 

Emerald, Eye-triple-E, and 

Google Scholar (228 primary 

articles) 

 

 

 

Extraction of article information 

&Analysis and composition of 

qualitative findings 

Investigating the most important 

dimensions and stages of maturity and 

combining them to achieve a 

comprehensive result 

Searching and selecting 

appropriate articles 

Review process considers 

various parameters such as 

article details, title, keywords, 

abstract, accessibility, content, 

and quality of the article, and 

deletes a number of articles at 

each stage (28 final articles 

remain). 

Quality Control 

Using the Critical Appraisal 

Skills Program 

Presentation of the results 

Maturity model of digital 

transformability 
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Table 1. Values of inter-coder agreement 

between the two coders 1 and 2 

 Coder 2  

Total 

Coder 1 
yes no  

5 1 4 no Coder 1 

 10 9 1 yes 

15 10 5  
Total 

Coder 2 

Observed agreement =
4 + 9

15
=  0.86 

Chance agreement

= (
4 + 1

15
×

4 + 1

15
)

+ (
1 + 9

15
×

1 + 9

15
) = 0.54 

Agreement percentage =
0/86 − 0/54

1 − 0/54

=  0.69 

The significant value obtained from the index is 

less than 0.05, so the assumption of 

independence of extractive codes is rejected 

and the interdependence of extracted codes is 

confirmed. Therefore, it can be claimed that the 

codes were sufficiently reliable. 

3.2. Survey research method 

Survey research method was used to study the 

distribution of characteristics of a statistical 

population. This research can be used to answer 

research questions of types A and B. 

A) What is the nature of the existing 

conditions? B) What is the current situation? 

Survey is one of the main and old research 

methods in various branches of knowledge, 

especially in the social sciences, where regular 

and standard methods are used to gather 

information about individuals, families, or 

larger activities. Data collection is done by 

asking people who are regularly selected and 

categorized into sample groups. By collecting 

quantitative data, it studies the characteristics or 

opinions of a particular group (population) 

[Sarmad, Bazargan, and Hejazi, 2008].The 

orientation of the study is 

developmental,because the study purpose is to 

improve the dimensions and components of the 

digital transformation maturity model.In the 

second part of the paper, the survey research 

method is used to evaluate the accuracy of the 

dimensions and components of the digital 

transformation maturity model.In this section, 

the acceptability of the proposed model has 

been tested through a survey of experts.Expert 

opinion survey was used to examine the 

consensus of experts on a particular 

topic.Hence, several meetings were held with 

the presence of elites and university experts, 

including professors and Ph.D. students in IT at 

Azad and state universities familiar with the 

subject of the research.This session was 

conducted by introducing the extracted 

dimensions and components. Finally, some of 

the dimensions, components, and stages of 

maturity in the present research model were 

altered based on their opinions. 

3.3. Binomial distribution test 

The present study can be considered descriptive 

because describes in detail the dimensions of 

the digital transformation maturity model so 

that other researchers who want to do research 

in this field may gain a comprehensive view on 

this issue. The binomial distribution test was 

used to confirm or reject the experts' opinion on 

the proposed components. The experts who 

participated in the research are professors and 

Ph.D. students in the field of IT who are aware 

of the subject. The statistical samples were 

more than 30, Because we had access to 30 

knowledgeable professors in this field and the 

variance of the population was unknown.The 

questionnaire was based on the Likert scale and 
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was administered to test each of the proposed 

components of the binomial distribution test. 

3.4. Multiple-case study  

In a case study, the researcher selects a case and 

examines it from countless aspects. This case be 

a unit or system with definite boundaries and 

consisting of numerous and related elements 

and factors [Sarmad, Bazargan, and Hejazi, 

2008]; in the multiple-case study, more cases 

are selected and examined. 

To assess the level of maturity of a number of 

Iranian companies based on the presented 

model, a case study of transportation systems, 

traffic engineering and studies, traffic 

organization, law enforcement, dual degree 

program in 14 transportation activities (ITS, 

public transportation, transportation 

management and comprehensive plans, safety, 

freight transportation, transportation economy, 

passenger transportation, traffic education and 

culture building, clean transportation, 

geometric plan of passages and roads, inter-

organ interactions) was used. The reason for 

choosing these 14 activities is the availability 

and involvement in the field of digital and the 

use of different and diverse digital 

technologies.Also, considering the importance 

of IT in transportation activities and increasing 

the use of IT in the organizations and the 

development of ITS around the world, the 

researcher conducted this case study on 

transportation activities. Therefore, a 

questionnaire was designed and distributed 

about 14 transportation activities. 

A questionnaire was designed for this purpose 

including 40 questions; five experts were used 

to evaluate the questionnaire; based on their 

opinion, some parts of the questionnaire were 

changed accordingly. Before sending it to five 

experts to evaluate its face validity through a 

questionnaire, it was evaluated through 

interview with four supervisors, consultants, 

and one Ph.D. student. The questions were 

given to the IT managers of the organizations or 

informed managers on the organization’s 

digital field. They answered each question 

based on the Likert scale (very low (1), low (2), 

medium (3), high (4), very high (5)). 

4. Analysis of results  

The most important dimensions of maturity (the 

first 10 dimensions that are mostly used in 

papers in the field of digital transformation) 

used in papers on digital transformation that 

have the most frequency in literature in this 

field are listed in Table 2 along with the titles 

used. 

 

Table 2. 10 important maturity dimensions with the most frequent papers on digital transformation

Titles and resources Dimensions 

Digital management [Ashurst and Hodges, 2010], digital business management [Carcary, 

Doherty, and Thornley 2015], digital leadership [Gollhardt et al, 2020], digital programs’ 

management [Gökalp, Şener, and Eren 2017], digital planning, monitoring and digital 

control, digital change management, digital work planning, digital portfolio management, 

ad-hoc leadership [Valenti, 2017], digital skills management [Becker et al., 2017], digital 

content management [Ifenthaler and Egloffstein,2020], digital insight[Reis et al, 2018] 

digital leadership [Boström and Celik, 2017], digital leadership [Ravarini,  Locoro,  and 

Martinez, 2019], digital insight, digital leadership [Aguiar et al, 2019], transformation in 

digital leadership [Komninos et al, 2020]. 

 

Digital leadership 

and management in 

transportation 

https://ieeexplore.ieee.org/author/37087139668
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Titles and resources Dimensions 

IT architecture [Lanza et al., 2016], digital technologies[Gollhardt et al, 2020] digital IT 

scale, digital IT management [Valenti, 2017], digital technology [Leyh et al., 2017], digital 

technology [Carolis, 2017], digital complementary IT system [Klötzer and Pflaum, 2017], 

digital technology architecture [Becker et al., 2017], digital IT [Berghaus and Back, 2016], 

digital technology [AG, Sharma and Marschner, 2018], digital technology 

[Ravarini,  Locoro,  and Martinez, 2019], digital technology [Reisetal, 2018] , digital 

technology [Boström and Celik, 2017], digital technology [Hamidi et al, 2018], digital IT 

excellence [Kozina and Kirinić, 2018], digital technology [Mulpuru and Gill, 2015], digital 

technology team [Solis, 2016] 

Digital technologies 

in transportation 

Digital competence of individuals [Ashurst and Hodges, 2010], employees [Schumacher, 

Erol, and Sihn 2016], people [Gollhardt et al, 2020]digital skills, learning [Becker et al., 

2017], absorption capacity, measurement of digital learning [Becker et al., 2017], 

employees [AG, Sharma, and Marschner, 2018], people and digital culture, digital talent 

and skill [Aguiar et al, 2019], people [Carolis, 2017], digital skills [Boström and Celik, 

2017], efficient employee in digital [Kozina and Kirinić, 2018], human resources [Solis, 

2016] 

Digital talents in 

transportation 

Intelligent digital operations [Schumacher, Erol, and Sihn 2016], digital operations 

[Gollhardt et al, 2020], digital processes [Lanza et al., 2016], input and output logistics [Zhu, 

2017], digital operations, automation, and digital delivery methods [Valenti, 2017], digital 

process [Carolis 2017], digital organizational process [Klötzer and Pflaum, 2017], process 

digitalization [Berghaus and Back, 2016], digital processes [Ravarini,  Locoro,  and 

Martinez, 2019], digital operations excellence [Kozina and Kirinić, 2018], transformation 

in digital operation model [Komninos et al, 2020]. 

 

Digital processes 

and operations in 

transportation 

Digital culture [Lanza et al., 2016], digital culture [Gollhardt et al, 2020], digital culture 

[Zhu, 2017], digital innovation culture [Klötzer and Pflaum, 2017], digital organization 

culture [Becker et al., 2017], digital culture and expertise [Berghaus and Back, 2016], digital 

organizational culture [AG, Sharma, and Marschner, 2018], digital culture 

[Ravarini,  Locoro,  and Martinez, 2019], digital innovation culture [Aguiar et al, 2019], 

digital culture[Reis et al, 2018], digital culture [Hamidi et al, 2018], digital culture [Mulpuru 

and Gill, 2015] 

Digital culture and 

transportation 

Digital organizational structure [Schumacher, Erol, and Sihn 2016], digital governance 

[Gollhardt et al, 2020], digital organizational structure [Zhu, 2017], digital organizational 

structure [Carolis, 2017], digital organizational structure [Klötzer and Pflaum, 2017], digital 

organization [Berghaus and Back, 2016], digital organizational structure [Klötzer and 

Pflaum, 2017], digital structure [Aguiar et al, 2019], digital governance [Aguiar et al, 2019], 

digital organizational structure [Reis et al, 2018] , digital organization [Mulpuru and Gill, 

2015] 

Digital structure and 

governance in 

transportation 

Digital changes [Ashurst and Hodges, 2010], digital change [Gökalp, Şener, and Eren, 

2017], digital change management [Berghaus and Back, 2016], digital innovation 

[Ravarini,  Locoro,  and Martinez, 2019], digital innovation, digital innovation capability 

[Kozina and Kirinić, 2018], digital conversion capability [Kozina and Kirinić, 2018], 

change and transformation in digital information [Komninos et al, 2020], digital change 

management [Becker et al., 2017] 

Digital innovation in 

transportation 

https://ieeexplore.ieee.org/author/37087139668
https://ieeexplore.ieee.org/author/37087139668
https://ieeexplore.ieee.org/author/37087139668
https://ieeexplore.ieee.org/author/37087139668
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Titles and resources Dimensions 

Digital strategy [Schumacher, Erol, and Sihn, 2016], digital strategy[Gollhardt et al, 2020], 

digital policy and strategy, digital IT strategy [Valenti, 2017], digital strategy development 

[Kl, 2017], digital strategy [Berghaus and Back, 2016], digital strategy [Ifenthaler and 

Egloffstein,2020], digital strategy [Anderson and Ellerby, 2018], digital strategy [Aguiar et 

al, 2019]  

Novel strategy in 

transportation 

Intelligent digital products [Schumacher, Erol, and Sihn, 2016], digital products and 

services [Lanza et al., 2016], digital products [Gollhardt et al, 2020], digital services [Zhu, 

2017], digital product development [Leyh et al., 2017], intelligent product realization 

[Carolis, 2017], intelligent factory [Klötzer and Pflaum, 2017], product innovation 

[Berghaus and Back, 2016] 

Intelligent 

transportation 

services and 

products 

Digital delivery to customer [Klötzer and Pflaum, 2017], digital customer experience 

[Becker et al., 2017], digital personalization of customer talk [Ifenthaler and 

Egloffstein,2020], digital omni-channel experience [Ifenthaler and 

Egloffstein,2020]customers [AG, Sharma, and Marschner, 2018], customer [Anderson and 

Ellerby, 2018], design of customer digital experience [Aguiar et al, 2019], customer 

relationship management [Solis, 2016], transformation in versatile digital channel 

experiences [Komninos et al, 2020]. 

 

Customer digital 

experience in 

transportation 

Therefore, the maturity model presented 

includes 10 dimensions of maturity that had the 

most frequency in the papers in this field and 

five stages that were among the most important 

steps mentioned in most papers. The proposed 

maturity model (Digital Maturity Model 

Development, (DMMD)) is presented in Table 

3; to better understand each of the dimensions 

of digital transformation maturity, some 

explainations are provided. 

Digital leadership and management in 

transportation: The leaders of a transportation 

organization must have the necessary ability to 

understand and realize the opportunities of 

economic growth and value creation through 

the use of digital technologies in the field of 

transportation. 

Digital technologies in transportation: The use 

and acceptance of transportation organizations 

of emerging technology, including modern 

technologies, the use of mobile devices, the use 

of machine to machinecommunications and 

other modern technologies to improve and 

upgrade organizations in the field of 

transportation. 

Digital talents in transportation: Features of 

this dimension include employee ICT 

competence, employees’ use of new 

technologies, and employee independence in 

transportation. 

Digital processes and operations in 

transportation: This dimension has the features 

of process decentralization, interdisciplinary 

modeling and simulation, cooperation between 

different departments in transportation 

organizations. 

Digital culture and transportation: The 

company's approach to digital innovation and 

how they work with digital technologies and 

activities are common assumptions in the 

organization that determine how employees 

understand, think, and react to the environment. 

Structure and digital governance in 

transportation: The degree of coordination of 

transportation companies in supporting digital 

strategy, governance, and implementation. 

https://ieeexplore.ieee.org/author/37087139668
https://ieeexplore.ieee.org/author/37087139668


A Maturity Model for Digital Transformation in Transportation Activities 

  

 

International Journal of Transportation Engineering,  

Vol. 9/ No.1/ (33) Summer 2021 
427 

 

Digital innovation in transportation: The 

exploitation of data to make decisions through 

digital technologies. It stimulates digital 

options for the future by investing in digital 

opportunities. 

Novel strategy in transportation: It includes 

implementing the digital transformation 

roadmap, resources available to achieve the 

adaptation of business models. 

Intelligent transportation services and 

products: Personalization, digitization, and 

integration of products into other systems in 

transportation. 

Customer digital experience in transportation: 

The use of customer data, digitalization of 

sales/services, competition in the field of digital 

media of customers in transportation 

collections.  
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Table 3. Development of digital maturity model (DMMD) and dimensions of digital maturity 

Maturity 

levels 

Dimensions 

of maturity 

model 

Sub-

dimensions 

(components) 

Before digital 

transformation 

Familiarity 

with digital 

transformation 

Transforming Transformed 
Complete 

transformation 

Digital 

leadership 

and 

management 

Digital 

leadership 
There is no 

leadership in 

the 

development 

and and digital 

technology 

capability 

Leadership 

partially 

supports digital 

development 

management 

and technology 

capability 

Leadership has 

maximum 

support for 

management in 

technology 

development 

and digital 

capability 

Leadership 

supports 

management in 

technology 

development 

and digital 

capability 

Leadership fully 

supports 

technology 

development 

management and 

digital capability 

Digital 

management 

Digital 

technology 

 

Digital data 

architecture 

 

Lack of 

integration 

between 

different levels 

of IT 

architecture 

Limited 

integration 

between 

different levels 

of IT 

architecture 

High level of 

integration 

between 

different levels 

of IT 

architecture 

Perfect alliance 

between IT 

architecture and 

business 

architecture 

IT strategy and 

performance are 

fully in line with 

the organization's 

goals and affect 

it. 

Technology 

architecture 

 

Digital 

talent 

Digital 

education 
 

There is no ICT 

competency, 

training in the 

use of modern 

technology, and 

employees’ 

independence. 

 

There is ICT 

competency, 

training in the 

use of modern 

technology, and 

employees’ 

independence 

to some extent. 

There is mainly 

ICT 

competency, 

training in the 

use of modern 

technology, and 

employees’ 

independence. 

There is ICT 

competency, 

training in the 

use of modern 

technology, and 

employees’ 

independence. 

There is 

completely ICT 

competency, 

training in the use 

of modern 

technology, and 

employees’ 

independence 

Digital 

competence 

Digital 

process and 

operations 

Integration 

between 

processes 

The operation is 

performed in a 

non-integrated, 

non-intelligent 

manner and out 

of coordination 

with the 

development 

team 

Taking the 

initiative for 

smartization of 

business and 

low integration 

between 

processes 

Usual process 

for integration 

as documented 

and defined, 

and old 

intelligent and 

interconnected 

processes 

Intelligent and 

integrated 

process has 

been created to 

develop 

productivity 

and reduce the 

cost of 

designing and 

Automated and 

real-time decision 

making and fully 

integrated 

processes 

implemented to 

deliver digital 

services 

Intelligent 

process 
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Maturity 

levels 

Dimensions 

of maturity 

model 

Sub-

dimensions 

(components) 

Before digital 

transformation 

Familiarity 

with digital 

transformation 

Transforming Transformed 
Complete 

transformation 

supporting 

digital services. 

Digital 

culture and 

work 

environment 

Digital work 

environment 
Creating 

awareness and 

innovative 

digital work 

environment 

are undefined. 

Creating 

awareness and 

innovative 

digital work 

environment is 

somewhat 

recognized. 

Creating 

awareness and 

innovative 

digital work is 

often 

recognized. 

Creating 

awareness and 

innovative 

digital work is 

recognized, but 

stakeholders do 

not understand. 

Awareness and 

innovative digital 

work 

environment are 

fully recognized; 

its progress is 

constantly 

measured, 

reviewed, and 

improved. 

Creating 

digital 

awareness 

Digital 

structure 

and 

governance 

Monitoring 

and control 

Organizing and 

supervising 

innovation 

projects are not 

carried out. 

Organizing and 

supervising 

innovation 

projects are 

partially carried 

out. 

Organizing and 

supervising 

innovation 

projects are 

mainly carried 

out. 

Organizing and 

montoring the 

innovation 

project are 

carried out. 

Innovative 

project’s 

implementation 

index is 

defined, for 

example, 

indices related 

to project 

implementation 

(quality, time, 

and cost) 

Organizing and 

monitoring are 

done through a 

combination of 

innovation 

projects and 

efficient use of 

available 

resources. The 

framework for 

measuring the 

quantitative and 

qualitative 

benefits of 

innovation 

project is created. 

Organizing 

different 

sections 

 

Digital 

innovation 

Creativity and 

idea generation Lack of desire 

to use the new 

method of 

creativity and 

better use of 

Some new 

products and 

services are 

created sparsely 

and without 

understanding 

New 

relationships 

with customer 

are formed 

through digital 

channel, and 

innovation is 

Pure and 

intelligent 

methods have 

been used for 

agile 

development of 

high-speed 

Evaluation and 

improvement of 

experiences with 

innovative 

methods and 

solutions to 

produce more 

Agility in 

implementing 

digital 

innovation 
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Maturity 

levels 

Dimensions 

of maturity 

model 

Sub-

dimensions 

(components) 

Before digital 

transformation 

Familiarity 

with digital 

transformation 

Transforming Transformed 
Complete 

transformation 

agile models for 

implementation 

the needs of 

customers. 

created based 

on them. 

digital 

innovations. 

innovative 

products and 

customers. 

Digital 

strategy 

Digital outlook 

There is no 

innovation in 

the company's 

outlook and 

business model. 

In some parts of 

the 

organization, 

new digital 

business 

models have 

been used. 

There is a 

formal digital 

strategy in the 

company's 

outlook and 

business model. 

Digital strategy 

integrated with 

the planning 

process affects 

the overall 

strategy of the 

organization. 

The strategy of 

the organization 

is the same as the 

digital strategy 

and the portfolio 

of the digital 

business model 

created in the 

organization. 

Digital 

business model 

Digital 

services and 

products 

Smart products 

and services 

Personalization, 

digitization, 

integration of 

products into 

other systems 

have not been 

done. 

Personalization, 

digitization, 

integration of 

products into 

other systems 

have been done 

to some extent. 

Personalization, 

digitization, 

integration of 

products into 

other systems 

have been 

mainly done. 

Personalization, 

digitization, 

integration of 

products into 

other systems 

have been 

done. 

Personalization, 

digitization, 

integration of 

products into 

other systems 

have been done 

completely. 

Personalization 

of products 

 

 

Customer 

participation 

Customer 

participation 

and data 

analysis is very 

limited. 

New tools are 

provided for a 

better level of 

customer 

experience. 

Data are 

collected and 

used to analyze 

customer 

participation. 

Data analysis is 

widely used to 

improve the 

customer 

experience and 

offer new 

services, 

advertising, and 

branding. 

Machine learning 

tools for new 

unique customer 

experience, 

desirerecognition, 

development of 

new services of 

pricing strategy 

Customer data 

analysis 

The results of the binomial distribution test 

showed that 10 proposed dimensions of the 

model and 20 components (sub-dimension) of 

the business have been approved by experts 

with 95% confidence. In order to rank the 

accepted components, it was first determined 

by performing 2 test that the proposed 

components for digital transformation do not 

have identical rankings. Then, based on 

Friedman analysis of variance, the ranking of 
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the proposed components was obtained 

according to the following figure.

 

Table 4. Ranking of proposed components  of digital transformation maturity model  based on expert opinion 

Components of digital transformation maturity model Rank Rank mean 

Digital leadership in transportation 8 7.25 

Digital management in transportation 13 6.95 

Data architecture and digital information in transportation 5 8.23 

Technology architecture in transportation 6 8.25 

Digital training in transportation 9 7.45 

Digital competence in transportation 10 7.46 

Integration between transport processes 17 6.42 

Intelligent transportation processes 18 6.21 

Digital work environment in transportation 20 5.95 

Creating digital awareness in transportation 19 6.01 

Supervision and control in transportation 16 6.53 

Digital organization in transportation 15 6.66 

Creativity and digital ideation in transportation 12 7.25 

Agility in implementing digital innovation in transportation 3 8.34 

Digital outlook in transportation 4 8.35 

Digital business model in transportation 1 10.50 

Intelligent products and services in transportation 2 10.22 

Personalization of products in transportation 14 6.82 

Customer participation in transportation 11 7.26 

Analysis of customer data in transportation 7 7.53 

Figure 3 shows the rank and position of each 

component of the model in terms of importance. 

The results of the multiple-case study in 

pharmaceutical companies indicate the maturity 

of each company. Based on the score obtained 

from each questionnaire, if users give a very 

low score (1) to all questions, the total score is 

40, which is a sign of maturity level one. If all 

the questions are given a very high score (5), the 

total score is 200, which indicates the maturity 

level of five. Other levels are shown in Table 6 

based on the mean of other scores. 
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Table 5. Score range of the questionnaire and 

the maturity level equal to it 

Score range Maturity level 

0-40 1 

41-80 2 

81-120 3 

121-160 4 

161-200 5 

 
Figure 3. Maturity chart of digital 

transformation of 14 transportation activities in 

Iran (column: total score obtained from the 

survey, which indicates the maturity of each 

activity) 

Activities studied in the present study are as 

follows: 

 Intelligent transportation systems 

 Public transportation 

 Transportation systems management 

 Traffic engineering and traffic 

organization studies 

 Law enforcement 

 Transportation planning and 

comprehensive plans 

 Safety 

 Freight transportation 

 Transportation economy 

 Passenger transportation 

 Traffic education and culture 

 Clean transportation 

 Geometric plan of passages and roads 

 Inter-organ interactions 

In total, after the calculations, a score range was 

assigned to each level of maturity as shown in 

Table 4. 

According to the results of the questionnaire, 

there are a total of five activities at level three 

(transforming), four activities at level two 

(familiarity with digital transformation), four 

activities at level four (transformed), and one 

activity at level five (complete maturity); none 

of the activities are at level one (prior to 

maturity). Dimensions that received the lowest 

score in the questionnaires are digital culture = 

digital services and products, digital strategy, 

and digital technologies, and the following 

dimensions gained the highest scores such as 

digital process and operation, digital 

innovation, structure and governance, digital 

leadership and management, digital talent = 

customer digital experience. Therefore, 

transportation organizations should make more 

efforts in the field of digital transformation 

maturity. They should pay more attention to the 

latest technologies in the world and invest more 

in these technologies .They should also pay 

special attention to aspects such as culture, 

digital services and products, digital 

technology, and digital strategy. 

5. Conclusion  
In the present study, meta-synthesis method 

was used to extract papers about digital 

transformation maturity and develop a maturity 

model, and effective dimensions in this field 

were summarized. Dimensions affecting the 

digital transformation maturity are categorized 

in terms of maximum frequency in papers. The 

maturity model presented includes 10 maturity 

dimensions, 20 sub-dimensions, and six stages 

of maturity. The dimensions and sub-
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dimensions presented in the maturity model 

were confirmed by experts at 95% confidence 

level through reviewing the top papers in the 

field of digital transformation and using the 

binomial distribution test method including 10 

proposed dimensions of the model and 20 

components (sub-dimensions) of the business. 

Finally, the maturity model presented was used 

to examine the maturity of 14 Iranian 

transportation activities. The results of the 

present study are important for both 

organizations and researchers who want to do 

research in the field of digital transformation 

maturity. The importance of the present study 

for organizations is that they can perceive the 

stages of digital transformation maturity, 

recognize what stage of maturity their 

organization is at and what steps they have to 

take to develop their maturity in the field of 

digital transformation, achieve more in the 

future planning of their organization according 

to the understanding they find of their maturity 

position in the organization, and apply 

appropriate management requirements 

according to the level at which they are. Also, 

the most important aspects in digital 

transformation should be considered that 

conrtribute to their success in this field by 

focusing more on these factors and giving 

higher priority to them in their organization. 

This can be a beacon, especially for Asian 

countries and countries with lower levels of 

digital maturity so that pay more attention to the 

factors and features that are more important if 

they seek to enter the age of industry 4.0, which 

according to the Alp book is digital 

transformation management [Akdil, Ustundag, 

and Cevikcan, 2018], and succeed in this field. 

Transportation companies are suggested to pay 

more attention to aspects such as digital culture, 

services, and products, digital technology, and 

digital strategy to reach higher stages of 

maturity in the field of digital transformation. 

The innovation of the present study is that no 

research has been done in Iran so far to provide 

a comprehensive maturity model in the field of 

digital transformation and evaluate it in the 

transportation industry. It is also recommended 

to conduct further studies in Iran and in various 

industries, and further separate researches 

should be done on different dimensions of 

digital transformation in transportation 

industry, to witness the growth of digital 

transformation and increasing use of new 

technologies in this field.The present study was 

conducted in 30 transportation companies in 

Tehran and 14 activities in this field and the 

results can be useful for the success of all 

transportation companies in the field of digital 

transformation maturity in Iran. 
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