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Abstract: Educational centers (schools, academies, high schools, etc.) are usually small companies,
which make them special in terms of management. The management of IT services is far from
standard and based in home solutions. The disadvantage of this approach is clear, as it happened
during the COVID-19 pandemic period. The solution to properly managing IT services is based on
the use of the ITIL (Information Technology Infrastructure Library). The question is how to apply this
standard that only defines the processes to implement, but does not describe the way or the order to
implement them. In this article it is shown which IT processes are really needed in any educational
center and the order in which they should be implemented. The method used consists of fulfilling
a knowledge database with extensive information from schools, academies, and other educational
centers. After that, an existing optimization model is adopted and a representative learning center is
defined, which is used to propose the IT processes sequence; finally, a set of optimal IT processes
and the order to implement them is defined. These ordered processes optimize the quality of IT
for learning services. The main result is an ordered set of IT processes that best fit the needs of IT
departments in small educational centers.
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1. Introduction
Since the appearance of computers, more and more companies have been introducing
technology in their processes, in particular information and communication technologies.
Both new and old companies need to relay their management and production in computers.
But this is not an easy transformation for all companies. This transformation needs to
be based on standards or best practices handbooks. Furthermore, the current COVID19 pandemic period is forcing all companies to move to online mode, even if they are
not prepared for it or they do not have IT departments specifically adapted to online
services. The implications of COVID-19 in terms of remote services and teleworking are
affecting countries in different ways, as pointed in [1] where it indicates “in Sweden and
the Netherlands more than 60% of workers in knowledge-intensive business services were
teleworking, this fraction was below 30% in Italy, and even lower in Austria and Germany.”
This article also clarified that there are great differences in the prevalence of remote services
in education (for example e-learning) among Northern and Central-Southern European
countries. The percentage in other Southern European countries (Spain, Portugal, Greece)
is also below 30%: the situation is aggravated in these countries because of the reduced
size of the companies [2].
The services offered from IT departments in face-to-face learning centers are usually
focused on back-office issues, but they are not affected by the massive demand of services.
Typical standard services consider qualifications, payments, scheduling, etc., but online
education demands much more services due to the massive consumption of information
(online books, exercises, etc.) by students. This increase in services cannot be attended
to if there is not a set of processes to cover all IT tasks. This situation becomes critical if
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educational centers are small or very small, which happens frequently in countries such as
Spain (and other Southern European countries) where more than 95% of companies are
small or very small (less than 10 employees) [3].
It is a fact that the most used framework for the management of IT services is Information Technology Infrastructure Library (ITIL) [4]. But as ITIL is the most used, there
exists a lack of definitive information about how to implement the processes defined in
it and which order of processes should be followed (the complete list of ITIL processes
can be found in Appendix A Table A1). This represents a handicap mainly for small
organizations with few resources and small data centers or small IT departments. Different
authors proposed examples of approaches to the problem of strategy, sequence of processes,
and success factors when implementing ITIL processes [5–9]. These references evidence
that ITIL implementation is usually analyzed from diverse points of view.
It is also common to analyze the application of ITIL in specific regions [8,10], in
specific industries [11,12], in a specific sector (public/private) [13], or in a specific type of
company [14].
Based on the evidence, which shows that it is a common practice to analyze the
implementation of ITIL on specific types of organizations (private, public, big companies,
small companies, located in a concrete region, or any other criteria), and considering
that ITIL implementation is analyzed from diverse points of view (order of processes,
methodology, success factors, etc.), this article focuses on the educational industry in Spain
and the set of ordered processes needed to optimize the implementation of ITIL. This
ordered set of ITIL processes enhances the quality of IT services (once implemented) and
eases the digital transformation obliged by COVID-19.
First, an exhausted systematic review was developed to understand the alternatives
for a proper implementation of processes in IT departments; with this information about
the state of the art, a proposal for implementing ITIL in small educational centers is shown.
Finally, a comparative of this sequence with other solutions is shown.
1.1. Approach 1: Fixed Set of Processes
Fixed sequences of IT processes refer to strategies that propose a static sequence of ITIL
processes independent of the company and the competitors, such as the processes already
implemented or any variables. Examples can be found in [9] and in [15]. The proposed
solutions look for a measure of the relationship among different processes. The solutions
proposed in [9,15] identify the dependencies between every process and the rest of the
processes. The number of dependencies of a particular process is an indicator of its
importance. This methodology allows for the identification of a set of critical processes,
which should be implemented at the start. This set of processes is a fixed sequence, as it
only depends on the processes (not on the company). The disadvantage of the proposal is
that it is not extended to all ITIL processes, but rather only to a few of them.
The notion of a fixed sequence comes up again in [16]. In this article, ITIL implementation is presented from the definition of three models:

•
•
•

A first model of isolated ITIL processes;
Another model that contains the dependencies between ITIL processes; and
A final model to relate the capacity level of the processes and the maturity level of
the organization. One of the main characteristics of this proposal is the combination
of concepts of ITIL processes and CMMI (Capability Maturity Model Integration) to
propose a sequence. For example, the sequence of ITIL processes is built with the help
of CMMI to know the maturity of each ITIL process in the organization.

A static order of implementation is also presented in [17]: There is no explicit justification but it shows a sequence that could be used as a reference. That is, all interested schools
or centers can use an identical sequence to the one presented in the proposal because
company characteristics are not taken into account. It does not consider the size of the IT
department or the size of the company: The proposed sequence is the same.
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In other proposals, [18,19], the aim is just to highlight a starting point: The goal is
to define the first ITIL process to begin the implementation. The authors offer empirical
basis supported by deep market research. The number one process to be implemented
is IM (incident management), and after that, SLM (service level management) and SCM
(service catalog management): This proposal can be applied to any small IT center (including schools and training centers). These approaches are referred to as strategies that
propose a very short static sequence (usually just one process, and sometimes up to three
processes) that do not depend on the company, on the competitors, on the processes already
implemented, or on any parameters.
The author of [20] offers a static sequence of processes (it does not generate the
complete list of ITIL processes, but rather only a few) to implement in small companies
considering the implementations documented by other authors and validating the set of
criteria to sequence processes with ITIL experts. It is relevant [20] because it is specifically
oriented to small and medium companies.
The approach exposed in [21] determines a fixed sequence of ITIL processes that takes
into account elements as the tasks needed to implement every process, the distribution
of information, and the flow of data between every ITIL process and the dependencies
among all processes. This reference is interesting because it offers a complete sequence of
processes (to be implemented) instead of just a short set of processes without prioritization.
An approach to generate quick benefits during ITIL implementation can be found
in [22], where a fixed set of processes is proposed. This proposal offers a set of ITIL processes
to start with, independent of any consideration of the company or any consideration of the
IT department.
1.2. Approach 2: Non-Fixed Set of Processes
Several authors have worked on determining a dynamic (i.e., non-fixed) ordered set
of processes. An example in this area is [5]. It explains a model to sequence ITIL processes
for implementation in any organization, based on fuzzy logic. The model is built taking
into consideration that the sequence of processes depends on technical and organizational
factors: These are subjective factors. The approach is oriented to select the criteria that
are be used to define the sequence of ITIL processes. The criteria are determined by
the opinion of a set of ITIL experts. These opinions are treated with fuzzy techniques
to translate the ambiguity of opinions into numerical values. The methodology has an
significant disadvantage: It does not consider important characteristics of the company
that is implementing ITIL processes, such as size, number of employees, geographical area,
etc. A similar proposal also based on the use of fuzzy logic is presented in [23].
Another work with a non-fixed sequence was published by [7]. The author explains
a method where the processes that provides “early wins” are the first ones to be selected.
The problem in this method is to clarify what “early wins” are. The solution to defining
“early wins” is found through customer satisfaction surveys. The author also explains how
to define the processes that should be implemented in the long term (from the results of
the surveys). This method is suitable for any company, but it has the disadvantage of the
sequence being driven by client’s opinion: It is necessary to request the responses from the
clients and the processes are oriented to satisfy only the needs of the clients (there are other
users of IT services, for example, the workers).
The approach explained in [6] is based on the Technology Adoption Model (TAM).
This model describes how to adopt ITIL in any organization: The sequence of ITIL processes is dependent on requisites of the organization but prioritizes “critical” processes.
A similar approach can be found in [8], where the authors expose a study of the reasons for
implementing ITIL and the processes that should be initially implemented: The key factors
for implementation are the size of the company, the industry, and the geographical area.
Finally, an approach for a dynamic sequence is [24]. This proposal offers an ITIL
sequence of processes that takes into consideration the characteristics of the company,
the competitors, and the objectives of the company. On the one hand, the model considers
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the main parameters of the company that is implementing ITIL processes; on the other
hand, it involves in the model the level of implementation of the competitors, and finally,
it returns the sequence that best fits the aims of the company in the implementation of ITIL.
This makes this methodology be considered dynamic because it builds a specific sequence
for every company.
1.3. Approach 3: Success Factors and Other Approaches
The implementation of ITIL is considered in different ways. There is a group of
authors who tried to identify “success factors” in the implementation of ITIL. An example
is [25], where a survey deployed in different enterprises was considered to understand
the factors that may affect the success of ITIL implementation. Another example is found
in [26]: In this case, specific success factors were proposed and analyzed—how the involvement of management affects the implementation of ITIL, how the organization’s
commitment may help the implementation of ITIL processes, and how effectiveness can
help the implementation of ITIL. The authors in [26] showed a set of items that allowed for
the success of an ITIL implementation, which were similar to the success factors addressed
by the authors in [25]. However, in this case, the conclusions were obtained from a set of
160 companies. It is accepted that the study was limited to a specific geographical area and
cannot be considered valid for any geographical area.
A set of articles has also been identified that provides methods and tactics to implement ITIL processes. An example is [27]: In this reference, the author analyzes which steps
should be considered when implementing ITIL (considering four big organizations). Taking
this experience as a basis, success factors are identified to reach a successful implementation of ITIL processes. It also indicates the starting process—the incident management
process—but it does not indicate any sequence from this first process.
An alternative to these key factors is exposed in [28]. In this case the most important
elements to success are the involvement of management and the use of software tools. It
explains the great importance of the implementation task: Success depends on the use of
the correct software tools that ease the management of the implementation. This topic is
also covered in [29], where business process management (BPM) tools are proposed for
managing ITIL implementation.
A vast systematic review about success factors is presented in [30]. In this case,
the proposal to identify the critical success factors uses the AHP (analytical hierarchical
process) methodology. This methodology allows one to evaluate, calculate the average,
and find inconsistencies in a set of opinions given by experts.
Business process change (BPC) is a methodology explained in [31]. This methodology determines the set of success factors (it does not clarify anything about its order of
implementation). It is possible to find other methodological approaches to implementing
ITIL in [32–34]: These references propose methods to help the implementation of ITIL by
selecting the first process to implement.
A completely different approach is shown in [35], where a set of failure factors is
presented. These elements make the implementation of ITIL difficult. Something similar
occurs in [36], where the authors analyze the challenges to implementing ITIL. A similar
argument is found in [37], where the challenges of an ITIL implementation are explained.
1.4. A Specific Approach for Small Data Centers in Educational Companies
Once the main alternatives are reviewed, it can be deduced that the approach that
takes into consideration the characteristics of the center and the characteristics of the
market and competitors is [24]. This proposal builds a sequence of processes based on a
mathematical model that uses market information to decide whether the school or center
is in a better or worse position than the competitors. To decide the sequence, a “relative
position” factor is defined and used to order the processes, which ends with an optimal
sequence. In addition, it offers an online tool to build the best sequence to help schools and
training centers obtain the sequence.
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The implementation of these processes will hopefully help centers to offer better IT
services to students, teachers, and the rest of the staff. The next section explains the data
acquisition and the application of the methodology in a standard small education center.
2. Materials and Methods
In order to obtain knowledge about the current implementation level of ITIL in training
and education companies, a survey (web-based) was designed; data was stored in the
public site included in the Supplementary Materials section. The survey was distributed
by email and, when needed, completed by face-to-face interviews. The answers were
reviewed to avoid including more than one answer from the same center.
Once the data was gathered in the database it was possible to apply the methodology [24] to any company. This could be done by defining the characteristics of the company
and introducing these characteristics to the model (also available on the cited website). In
particular, the methodology was applied to a generic small educational center that was
representative of any small educational center. This can hopefully help small educational
centers (with small IT departments) improve their services.
The next diagram (Figure 1) represents the methodology applied [24]: (1) The data
gathered were stored in a database. These data were mainly the characteristics of the
centers and their levels of implementation of every ITIL process. (2) Data from a generic
center was required as well as the parameters used to generate the optimal set and sequence
of processes. (3) The mathematical model was applied to obtain the set of ITIL processes
(for their implementation) and their order (in which they should be implemented).

Figure 1. Schema of materials and methods applied.

2.1. Scope
The scope of the study was any company in the educational industry operating in
Spain considered a small company (the limit to be considered a small company in Spain is
50 employees). The poll was used to collect data about the level of implementation of ITIL
processes in the mentioned companies as well as about the characteristics of the companies
(age, size, etc.).
The companies were randomly selected. A subset of 200 companies was sent a message
to participate in the survey.
The poll was sent to the managing director or the IT director (if possible) and responses
were accepted from 20 September until 20 October.
2.2. Database
The database stored information about characteristics of the school or training center
(size, number of employees, number of IT employees, area where the company operates,
industry, and other). After these questions, the centers were asked about the level of

Computers 2021, 10, 8

6 of 12

implementation of every process in the ITIL standard; that is, it was desired to know
whether the IT department had implemented every process presented in the ITIL standard.
The possible answers were:
1.
2.
3.

The process is not implemented and it is not planned (or it is an unknown process for
the company).
The process is not implemented but it is planned in the medium term.
The process is implemented or it will be implemented in the short term.

Once the database was filled, the data stored in it could be used in conjunction with
the model [24] to generate an ordered set of processes.
2.3. Technical Issues
The method to select companies was by a random one-phase process. Once the
questionnaire was closed, the number of responses was 101. The results from the survey
offered a confidence level of over 90% and a sampling error of 8.5%. The number of
responses guaranteed that no overlapping was produced in the answers.
The next table (Table 1) summarizes the parameters of the survey.
Table 1. Description of the survey.
Concept

Value

Scope

Spain

Universe

Educational centers with less than
10 full-time employees

Type of polling

Web form

Sent

200

Received

101

Minimum to be significant

64

Confidence level

90%

Error

<8.5%

Company selection

Random

Mode

One phase

3. Results
To illustrate what was previously explained, the procedure cited in [24] was applied.
The methodology was applied to a highly representative case. This representative case
was a typical small school or small training center with a set of teachers, staff, and a
small IT department composed of five people [3]. This small center was located in Spain
and was characterized by a low degree of implementation of ITIL processes. It could
be assumed that capacity management, availability management (partially), and access
management, continuous improvement (partially) were the only processes implemented,
as reported in the survey by the small training centers. This center was representative
of most small educational centers (schools, small universities, high schools, academies,
etc.). This standard small center was used as input data in the methodology exposed
in [24]. This methodology requires a criterion to be defined to get an optimized sequence of
processes for the IT department: either optimization by size of the company, by IT size, by
age of the center, by geographical area, or by industry (in this case the industry is education),
or a general optimization (that considers all possible criteria). An interest in improving
technology services was assumed, taking as a reference centers in the educational industry,
but with no special consideration for age, region, or any other characteristic (that is,
a general optimization case).
This is quite important because, as described in [24], the optimization could be oriented
to obtain a sequence of processes to get closer to competitors, to get closer to generic small
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companies, etc., in terms of ITIL implementation. In this case, as cited before, no special
criteria were followed to optimize.
In this case, the application of the methodology indicated produced the next optimal
order of processes to be implemented (only the 11 first processes are shown):
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Service catalog management
Incidence management
Financial management
Requirement fulfillment
Service portfolio management
Transition management
Testing management
Release and deploy management
Asset management
Supply management
Change management

This result indicates that an IT department needs initially to establish the list of services
offered by IT. That is, the best way to improve quality in IT is to publish the services that can
be developed. This makes sense because it avoids many incidences from users who do not
know what can be required and what cannot be required of the IT department. In second
place, the management of incidences addresses the need for gathering all incidences and
treating them in a unified procedure. This makes users satisfied because their demands are
attended to. In third place, financial management clarifies which projects can be attended
to and which ones cannot. The correct scheduling and cost estimation for every task is a
common problem in IT departments: This process establishes a common rule to evaluate IT
projects so IT departments know in advance the resources they need to develop all projects.
The rest of the processes considered operative tasks as testing, release, and deployment,
or change management.
In order to analyze whether the sequence of implementation was similar to other ones
proposed by the authors previously mentioned, a double test was used: Spearman and
Kendall contrasts.
It is important to state that the objective was not to compare the benefits of the
sequences: The procedure explained in [24] to get the optimal sequence was based on
the distance between the implementation degree of ITIL in a particular company and the
implementation degree of ITIL in a group of companies (similar in size, age, industry,
IT department size, etc. The procedure lets you choose the characteristics that should
be considered to get the sequence). Considering the characteristics of each alternative
explained in 1.1, 1.2, and 1.3, the sequence from [21] was the one that offered a complete
set of ordered ITIL processes. The rest of the alternatives did not offer a complete ordered
sequence: They only offered a partial subset of ITIL processes. Both sequences (calculated
and the reference to compare) are included in Table 2.
Table 2. Sequence calculated and reference sequence.
Order

Sequence Calculated [24]

Reference Sequence [21]

1

Service catalog management

Change management

2

Incidence management

Release and deploy
management

3

Financial management

Asset management

4

Requirement fulfillment

Incidence management

5

Service portfolio management

Service level management

6

Transition management

Security management

7

Testing management

Testing management
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Table 2. Cont.
Order

Sequence Calculated [24]

Reference Sequence [21]

8

Release and deploy
management

Event management

9

Asset management

Service catalog management

10

Supply management

Availability management

11

Change management

Financial management

It was necessary to verify that the calculated optimized sequence and the reference
sequence were not correlated; that means they were independent, otherwise the optimized
one could not be accepted as a really new sequence. Therefore, considering the sequence
proposal in [21] as a reference, the following definitions are proposed:
Ho: null hypothesis: both sequences are independent (i.e., both order of processes are
significantly different)
H1: alternative hypothesis: both sequences are dependent (i.e., it is not possible to
affirm that both order of processes are independent)
Table 3 illustrates the results for both tests with different confidence levels:
Table 3. Test for the independence of the proposed sequence.
Confidence Level
α = 0.05

Confidence Level
α = 0.10

Confidence Level
α = 0.20

Spearman contrast

ρ = 0.285 in
(−0.425–0.425)

ρ = 0.285 in
(−0.361–0.361)

ρ = 0.285 not in
(−0.284–0.284)

Kendall contrast

τ = 0.143 in
(−0.307–0.307)

τ = 0.143 in
(−0.264–0.264)

τ = 0.143 in
(−0.203–0.203)

It was observed that both contrasts resulted in accepting the null hypothesis for every
alpha value (except the Spearman contrast for α = 0.20, where a limit value was obtained).
This result led us to accept the independence of both sequences. As a consequence,
the optimal sequence designed to get as close as possible to the competitors offered a
different result than [21]. A deeper analysis determined the origin of these discrepancies,
which are explained in next points:

•

•
•
•
•

•

Validation and testing process, requirement fulfillment process, incidence management process, and financial management process were proposed to be implemented
in the same position in the sequence (or quite close, not statistically different)
The proposed sequence placed service catalog management as the first process to be
implemented, whereas the sequence in [21] moved it to the ninth place.
Change management was proposed in first place by [21], but it was proposed in 11th
place by the optimal sequence.
The proposed sequence placed service catalog management as the first process to be
implemented, whereas the sequence used as reference moved it to ninth place.
Service level agreement management, security management, and event management
were proposed in the fifth, sixth, and 8th positions, respectively, by the sequence
in [21], but they were placed further than 10th position by the optimal sequence.
The most discrepancies appeared in availability management process and portfolio
management process, which were placed in the 10th and 19th positions, respectively,
by [21], but were proposed in the fifth and 22nd positions, respectively, by the optimal
sequence. These two processes were the ones that most affected the value of the
statistics ρ and τ.
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4. Discussion
Educational companies are usually small companies with very few employees dedicated to IT. This makes it really difficult to offer high-quality IT services. This is important
because nowadays more and more centers need to offer online educational services (schools,
adult schools, academies, etc.). One of the reasons is that small centers have only a few
resources in the IT department and it is rather complicated to implement processes such
as the ones defined in ITIL, which is, as mentioned before, the most extended and used
standard in the management of IT departments. The consequence is that the quality of
services is far from the desired level. This situation may decrease student satisfaction and,
in the long term, may affect the survival of the company.
There are different approaches that help to implement ITIL in companies. These
approaches can be categorized in three big groups: (a) a first group that identifies the key
and failure factors in the project of implementing ITIL, (b) a second group that identifies a
fixed set of processes and the first ITIL process to implement, and (c) a third group that
identifies methodologies and finds sequences of processes specifically designed for each
company.
The methodology exposed in [24] offers the possibility to adapt the result, that is,
the ordered set of ITIL processes to be implemented, for every company. This possibility
was used to apply the methodology in [24] to a general case of a small educational center.
The sequence obtained (see Table 2) considered that catalog management should be
followed by operational processes such incidence management. This sequence solved most
IT defects in terms of quality. The sequence was completed with up to 11 processes taken
from the ITIL standard (representing more than 20% of the complete list of ITIL processes).
The reason to consider this set of processes is that following Pareto’s rule, the 80% of
deficiencies in quality are caused by 20% of processes.
The sequence obtained was compared with [21] (it considered the complete list of ITIL
processes and was validated by an expert panel). The results indicated an independence of
the optimal sequence obtained by applying [24] and the sequence in [21]: This indicated
that the optimal sequence proposed was different from the one taken as reference.
The advantage of this solution lays in the fact that it was specifically built for small
educational centers instead of the proposals analyzed, which make sense in big organizations, or they represent general purpose sequences (i.e., not specific for educational centers).
It is also possible to identify other benefits: The proposed set of processes was obtained
by application of [24]. This methodology does not require the involvement of experts or
consultants and so it is cheaper. Moreover, the set of ordered processes is built considering
the data obtained from the competitors, optimizing the close-up to them.
On the other hand, the limitation of the methodology applied is the implementation
itself. That is, there is no clue about how to implement every single process or what elements
should be considered to succeed. The approach establishes the set and the order of the
processes, but it does not explain how to implement a particular process. It is possible to
take some ideas about it from the literature (mainly in the approaches cited in Section 1.3).
A second limitation of the present study is that it was developed with Spanish companies and the conclusions are valid in Spain (and possibly in other Southern European
countries, but it should be verified).
This research can be exploited in the future in different ways. The first idea is to
apply the methodology to other small companies related to the educational industry,
for example, small companies that develop contents for e-learning, small companies
that develop software for e-learning, or small web portals for the education community.
A second way to continue with the research is to compare the results of ITIL implementation
to centers that decided to use other standards to manage IT departments. That is, should
a small center use ITIL, or would it be better to apply other standards? Finally, a third
line to investigate is related to providers: When talking about such small centers, would it
not be a better idea to externalize all IT activity and focus on the activity of the company
just in education? It should be considered that any IT department implies the hiring of IT
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resources, servers, and software, and implementing processes, among other implications.
Nowadays, it is possible to find solutions to externalize any service, which probably offer
better services than internal IT departments.
Supplementary Materials: The following are available online at http://schoolprocesses.sytes.net or
https://sqitil.sytes.net database and online process sequencing tool.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interest.

Appendix A
Table A1 includes the list of ITIL processes used in the poll.
Table A1. List of ITIL processes.
Number

Value

Number

Value

1

Strategic management of
services

14

Transition schedule

2

Portfolio management

15

Change management

3

Financial management

16

Deploy and version
management

4

Demand management

17

Validation and test
management

5

Business relation management

18

Asset and configuration
management

6

Design coordination

19

Change management

7

Service catalog management

20

Knowledge management

8

Availability management

21

Problem management

9

Service level management

22

Incident management

10

Continuity management

23

Access management

11

Security management

24

Event management

12

Provider management

25

Request management

13

Capacity management

26

Continuous improvement
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