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Abstract

Purpose – This study aims to validate the content of an instrument which identifies the organizational,
sociocultural and technological characteristics that foster digital transformation (DT) in higher education
institutions (HEIs) through the Delphi method.
Design/methodology/approach – The methodology is quantitative, non-experimental, and descriptive in
scope. First, expert judges were selected; Second, Aiken’s V coefficients were obtained. Nine experts were
considered for the validation.
Findings – This study’s findings show that the instrument has content validity and there was strong
consensus among the judges. The instrument consists of 29 questions; 13 items adjusted and 2 merged.
Originality/value –Anovel instrument formeasuring the DT at HEIswas designed and has content validity,
evidenced byAiken’sV coefficients of 0.91 with a 0.05 significance, and consensus among judges evidenced by
consensus coefficient of 0.81.

Keywords Digital transformation, Higher education institutions, Content validate, Delphi method, Aiken’sV,

Consensus coefficient

Paper type Research paper

Introduction
Higher education institutions (HEIs) have been impregnated by the technological advance
and force them to face a digital transformation (DT) in its dimensions: organizational,
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technological and socio-cultural [1]. However, it was with the coronavirus disease 2019
(COVID-19) pandemic, where the lockdown and mandatory social distancing forced them to
have a rapid transition from traditional classroom teaching to online learning [2], spending as
little as weeks on this transition [3]. As a consequence, today’s societies are facing complex
challenges and changes that can only be addressed and resolved by pooling expert
knowledge and finding responsible solutions [4]. In this sense, HEIs require the incorporation
of technologies as an essential means for the continuity of professional, educational and social
activities, and it is required that researchers deepen and theorize on the subject [5].

In the literature there are different research studies that study the DT in companies,
providing a conceptual foundation and a defined measurement model for digital maturity to
evaluate the current state and progress of their DT efforts [6]. Nonetheless, this aspect has not
been so fully pursued for the educational sector [7]. In their study, researchers propose the
application of an integrated DTmodel to assess the maturity level in educational institutions
even though it is not the aim of their study to validate the relationships among the
components of the model, but rather to provide a general framework to aid in the qualitative
interpretation of the results [7].

In this sense, this paper emphasizes the evaluation of an instrument that will facilitate
the obtaining of scientifically valid and reliable results, to validate the relationships
among the constructs (organizational, socio-cultural and technological perspectives) that
impact the DT in HEIs. Therefore, it is considered that to analyze complex constructs, the
creation of valid and reliable instruments is required [8]. To achieve this goal, confirmation
of the validity of the instruments is a prerequisite that guarantees the integrity of the study
findings [9].

This article focuses on the content validity of the measurement instrument of DT in HEIs.
There is an array of prior studies that demonstrate the application of content validity of
measurement instruments in different areas; for example, Thanapatra and Uengpaiboonkit
[10] study the elements of the development model for DT in hotels in Thailand; Singhdong
et al. [11] analyze factors that influence DT of logistics services providers in a case study in
Thailand; Moradi and Keshmiri [12] identify and classify effective factors for preparing to
lead the DT in schools in Zarandieh; Rodriguez-Abitia and Bribiesca-Correa [13] suggested a
DT model for businesses, and later advanced their application to perform a diagnosis of
technological leveraging in Latin American organizations [14].

Additionally, this article contributes to the literature regarding the evaluation of content
validity, offering a detailed description of the process we carried out, which could be adapted
to new studies.

Theoretical background
This study conceives the DT at HEI as an organizational transformation, which should be
taken into account and aligned three different perspectives (organizational, social and
technological) in order to get the DT synchronized in a holistic integration and evolutionary
over the course of time. This evolution may be the result of a gradual change of the behavior
of individual elements in the enterprise, or it may be the result of a deliberate and conscious
action. An organizational transformation is defined as the latter type of change, in other
words, a deliberate and conscious action aiming to make changes to an enterprise [15]. With
the Fourth Industrial Revolution, as said by Ref. [16], the transformation in its scale, scope
and complexitywill be unlike anything humankind has experienced before, it is characterized
by a fusion of technologies that is blurring the lines between the physical, digital and
biological spheres. Such dynamism requires and rewards a coherent sociology of universities
as organizations [17]. The goal of a DT is continuous optimization – a company that can sense
shifts in the market and respond quickly [18].
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To orchestrate all these profound changes, a transformation is required within
universities, synchronized with a paradigm shift for leadership in education. The change
takes place as a natural manifestation of the developmental sequence in the natural
maturation transformation process. At the execution level, it is found that the operational
enterprise is concerned with “normal” operations (a first order system), while at the
transformation level is found the enterprise transformation (a second order system)
enterprise [15].

Digital transformation at HEI
DT is the profound and accelerating transformation of business activities, processes,
competencies and models to fully leverage the changes and opportunities brought by digital
technologies and their impact across society in a strategic and prioritized way [19].
Resembling any paradigm shift, DT in HEIs has been approached from the social,
organizational and technological perspectives [1]. In that context, changes that have occurred
within universities are evident in different settings. Inside these perspectives, dimensions
within a HEI that have been permeated by DT processes found in the literature are teaching,
infrastructure, curriculum, administration, research, business process, human resource,
extension, DT governance, information and marketing [1]. This dissimilarity makes it
understandable and remarkable, as summarized by Ref. [1], that DT within HEIs has been
approached fromdifferent perspectives and although a consensus on its definition has not yet
been consolidated, it is necessary to address the definition in the context of this study. In this
sense, author [20] defines the DT as a disruptive or incremental change process. It starts with
the adoption and use of digital technologies, then evolving into an implicit holistic
transformation of an organization.

Digital transformation maturity
Adynamic and evolving nature of DT takes place in the universities, while they are impacted
by technology. From a content perspective, typical dimensions cover the following aspects:
(strategic) transformation management, core business comprising the digital product and
service offering, digitization of internal processes and operations, digital customer interaction
aswell as IT use and development [21]. Froman organizational context refers to themetarules
that shape the organization’s rules and actions and providemeaning for them. It should create
new directions and options for the organization [21]. These models are particularly relevant
when both meta-capabilities in terms of transformation management and technological-
driven changes in products, processes or business models are considered from a holistic
perspective [21]. After analyzing the literature, different digital maturity models and their
levels, digital maturity levels at HEI, authors consolidated five maturity levels, see Table 1,
maturity DT at HEI levels.

Digital transformation perspectives
DT in HEIs requires rethinking, restructuring and reinventing, from its multi-purpose, multi-
processes, multi-disciplinary, multi-state and multi-actoral character. It is a collective effort
that places the person in the center of the process of development, transformation and its
impact on society. That is, DT should be an integral and holistic transformation of the HEI
and should be approached from technological, organizational and social perspectives [1]. In
the following paragraphs, these perspectives will be described.

Organizational perspective. It is remarkable the importance of this organizational
perspective in the process of the DT at HEI. Companies that would like to progress with
transformation should begin at the top [22]. This dimension consolidates most of the certain
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dimensions that researches had picked in separate around this perspective, and mainly four
dimensions emerged: business process, administration, information and DT governance [6,
18, 22–25].

Social perspective. The world view, culture and digital competences of students, faculty,
administrative, stakeholders are vital in the DT process at every organization, including
universities. Due to that organizational change is related to people, processes, strategies,
structures, and competitive dynamics where most of the challenges and opportunities
reside [26].

Technological and physical perspective.The Fourth Industrial Revolution often is described
as the result of integration and compounding effects of multiple “exponential technologies,”
such as artificial intelligence (AI), biotechnologies and nanomaterials [27]. Today, cross-
boundary digital technologies (IoT devices, 3D printing and big data analytics) drive
transformations that go far beyond internal process optimizations as they potentially induce
drastic changes to business models, organizational, corporate culture and entire industry
structures [28]. As a consequence, the university should provide flexible IT, new enterprise

Maturity levels Description

No grade The university lacks defined objectives and DT strategy. The success of some digital
initiatives tends to depend on individual efforts, and the benefits obtained do not extend to
other departments, programs and/or faculties. It lacks information digitization processes
or is an incipient process. The staff (students, teachers, administrators) has little or no
digital skills. The technology available to the university does not allow the digitization of
the business

Low grade The university has identified the need to increase the execution of discrete digital
initiatives, to solve isolated business problems and allocates financial resources for their
execution. However, its world view continues unchanged. Likewise, some internal
initiatives for digital products and services that have been successful in the past are
identified, and they are beginning to be replicated in other departments, programs and/or
faculties. The staff (students, teachers, administrators) has basic digital skills. There is
strong resistance to change. The university has the technological equipment to execute
the digital initiatives, however the budgetary availability required to acquire them is
restricted

In moderate
degree

The university analyzes its world view and considers making an internal change. The
university sees the need tomake changes in university objectives in themedium term, and
incorporates digitization initiatives and digital user experiences, although it does not yet
focus on the disruptive potential of transformation. Therefore, the investment and use of
new technologies is done with caution. The staff (students, teachers, administrators) have
moderate digital skills, and resistance to change is still evident

In high grade The university has understood, accepted and internalized the new digital paradigm, and it
has decided to transform itself. Therefore, the DT capabilities of the university are
perfectly adapted and incorporated into the vision, strategy, objectives and processes of
the university, and also has a strategic planning that enables the transition to the new
paradigm of DT in a successful way. The university’s business model has been
modernized, user-centric and adapted to the digital age. The university begins to obtain
competitive advantages over other universities. The staff (students, teachers,
administrators) has the required digital skills, resistance to change does not persist, digital
culture has been internalized. The university has the necessary technology to achieve DT

In very high
degree

The university is very innovative and disruptive using technology and new business
models. The university flows naturally in the new digital paradigm. The university is
always evaluating new technologies and their possible application. The processes are
automated and advanced data analysis is used for decision making. It is a visionary and
smart university. The staff (students, teachers, administrators) is immersed in a new
digital culture

Table 1.
Maturity levels of DT
at HEI
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platforms and a strong and scalable operational backbone as part of an agile digital
infrastructure [28], to support human resource, teaching, innovation, administration, access,
market openness, building process, society and research [1].

On the other side, the university should have physical infrastructure to satisfy
contemporary educational standards and methods (i.e. institutes of innovations, labs for
teaching, digital training units, buildings, labs for teaching according with digital and
innovation scenario) [1].

HEIs are paying close attention to the development of the DT process and are trying to
successfully change the paradigm. While the effects of DT and their analytics, along with
platform technologies, are becoming pronounced in companies, there is still a need to examine
their implications on higher education [29]. The current state of research lacks a theoretically
and methodologically profound maturity model for DT, not only in IT business but also in
HEIs [1, 30]. Therefore, this paper develops dimensions and corresponding criteria for a DT
implementation at HEI, based on the earlier discussion. The current study contemplates three
dimensions that could positively influence the DT at HEI: organizational perspective –
information, business processes (administrative or management, missionary, and support),
management, strategic planning; socio-cultural perspective and technological perspective.
Each dimension of this model provides indicators of the DT at HEI implementation. The
study captures the idea of DT at HEI by turning toward a thorough study to investigate the
perspectives incorporated in the DT and its relationships, and the instrument of measure was
created. See Appendix A (URL: https://n9.cl/fulz6).

Validity
A commonly accepted definition of an instrument’s validity is the extent to which the
instrument measures what it intends to measure [31]. It is also considered a vital factor in the
selection or application of an instrument [8] and serves as a guide to determine suitable
implications of the findings of the study [31]. Specifically, validity is determined by
examining concepts related to the validities of construct, criterion and content [9].

Construct validity refers to “how well” an instrument identifies the correct operative
measures for the theoretical concepts under study [32, 33]. The criterion validity of a
measuring instrument is established by comparing its results with those of a certain external
criterion that attempts to measure the same thing [32] and finding a statistically significant
relationship between a measure and a criterion [34]; and the content validity refers to the
degree to which the items of an instrument are a representative sample of the content domain
being measured [8, 35–37].

Content validity
Content validity indicates a full range of the attribute under study [9] in terms of clarity,
coherence, relevance of the item and sufficiency of the dimension, with respect to a content
domain [38]. To develop a set of scale items, a researcher first defines the construct of interest
and its dimensions by searching the literature, through expert opinions, conducting
population sampling or through qualitative research [9]. On the other hand, content validity
can be characterized as apparent validity or logical validity. Apparent validity indicates that
the measure appears to be valid “at first glance.” Logical validity indicates a more rigorous
process, focusing on an evaluation provided by expert judges [34, 39], so that information on
the representativeness and clarity of the elements can be provided and concrete suggestions
offered to improve the quality of the instrument [8, 34]. If experts in the field are perceived as
true experts, then it is unlikely that there is a higher authority that would challenge the
assumption of validity of the content of the test [40]. In summary, Escobar [41] suggests the
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following categories: sufficiency, clarity, coherence, relevance; and rating scale: does notmeet
the criteria, low level, moderate level, high level.

Numerous analytical techniques have been proposed to quantify the degree of agreement
of experts regarding the relevance of the content of an instrument. Among the most used are
the Aiken’s V coefficient [42], Lawshe’s content validity index – CVI [40], the content validity
ratio (CVR) and the content validity coefficient – CVC [43]. Pedrosa et al. [44] detail other
techniques.

Aiken’s V. Aiken’s V coefficient is considered the most relevant statistic for assessing
content validity [36]. It evaluates the relevance of each item with respect to its construct, but
also considers not only the number of categories offered to the judges, but the number of
participating experts. Additionally, the assigned valuations can be dichotomous (values of
0 or 1) or polychotomous (values from 0 to 5) [44]. The V statistic is computed using the
formula:

V ¼ X � l

k
(1)

where X represents the median of the judges’ ratings sample, l represents the lowest possible
value, and k represents the range of possible values within the measurement scale used. The
V statistic provides an index ranging from 0 to 1. A value of V equals 0 is obtained when all
judges select the lowest possible rating, and a value of V equals 1 is obtained when all the
judges select the highest possible rating [45].

Additionally, the result can be statistically evaluated by making use of the right-tail table
of associated probabilities and accepting as valid only items that are statistically significant
at 0.05. As shown in Table 2, if there are nine judges and four scale levels, an Aiken’sV of 0.74
must be obtained for a statistical significance level of p < 0.036 and for the item to be
considered valid [36].

In addition, the calculation of the confidence intervals for this coefficient allows us to test
whether the magnitude obtained from the coefficient is greater than one that is established as
minimally acceptable (0.70) to conclude the content validity of the items [47]. The confidence
interval for Aiken’s V can be calculated with equations (2) and (3).

L ¼ 2nkV þ z2 � z
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4nkV ð1� V Þ þ z2

p

2ðnkþ z2Þ (2)

U ¼ 2nkV þ z2 þ z
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4nkVð1� V Þ þ z2

p

2ðnkþ z2Þ (3)

In equations (2) and (3), z corresponds to the standard value of normal distribution such that C
% of the distribution area is between �z and z. For example, for a 95% confidence interval,
z 5 1.96 [45].

No. items (m) or raters (n)

Number of rating categories (c)
4

V p

9 0.81 0.007
9 0.74 0.036

Source(s): Adapted from Ref. [46]

Table 2.
Right-tail probabilities
(p) for 9 raters values of
the validity
coefficient (V)
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Lawshe’s content validity index (CVI). Lawshe’s CVI determines a quantitative index for an
instrument’s content validity. The index requires that the expert judges evaluate whether the
skill or knowledge measured by the item is “essential,” “useful, but not essential,” or “not
necessary” to the performance of their job [40]. The CVI is the average of the values of items
retained by applying the content validity ratio (CVR) proposed by Lawshe [40]. The formula
for calculating CVR is:

CVR ¼ ne � N
2

N
2

(4)

where ne 5 the number of expert judges who agree on the “essential” category and N5 the
total number of expert judges.

Lawshe presents this expression to be interpreted as a correlation, as it takes values from
�1 toþ1; CVR is then negative if fewer than half of the judges are in agreement, CVR is null if
exactly half of the participants agree, and CVR is positive if more than half agree [37].

Additionally, in Table 1 explained by Lawshe [40], theminimumCVRvalueswith a single-
tail test as p > 0.05 are presented.

Content Validity Coefficient (CVC). CVC is an index measuring content validity based on
agreement between judges [43] which recommends the participation of three to five expert
judges and the use of a Likert scale of five alternatives. It is calculated with the average of one
of the items among the maximum score that the item could obtain. Consequently, the error
assigned to each item (Pei) is calculated. The formula for calculating CVC is:

CVC ¼ CVCi � Pei (5)

Hernandez-Nieto [43] recommends keeping only those items with a coefficient higher than
0.80, while Balbinotti in Ref. [47] suggests keeping those items with a coefficient higher than
0.70. The CVC evaluation scale is presented in Table 3.

In the instrument’s content validity, the judges’ agreement must fall in the scale’s upper
range [8, 43].

Consensus among judges
An equivalent phrase for consensus (general agreement) could be “the collective opinion of a
group,” considering that some degree of variation between individuals is still possible [48].
Dissent is defined as a difference of opinion, such that a conflict occurs within the group
committed to making a decision [48].

Within the context of content validation, if major revisions are needed for themeasure, the
researcher maywant to repeat the process [34]. When there is a highmeasure of agreement, it
indicates that there is consensus in the rating process among the evaluators, also indicating
the interchangeability of the measuring instruments and the measure’s reproducibility [41].

Values Interpretation

0.00 to 0.40 Not acceptable
0.41 to 0.60 Very low
0.61 to 0.70 Low
0.71 to 0.79 Moderately low
0.80 to 0.90 Good
0.91 to 1.00 Excellent

Table 3.
CVC evaluation scale
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There are several techniques to determine this agreement, including Kappa [41, 43, 49];
Kendall’s W [41, 50] and Wierman [48, 51].

Kappa statistic.This agreement index is only used in nominal data; however, there exists a
generalization to include ordinal data called weighted k-coefficient [41]. The statistic has a
range between �1 and 1, but is generally found between 0 and 1. If the coefficient is 1, it
indicates perfect agreement between the raters, if it is 0, it indicates that the agreement is no
more than the agreement expected due to random allocation, and if the coefficient value is
negative, the level of agreement is below what was expected due to randomness [41].

Kappa values above 0.76 indicate “excellent” agreement, those between 0.40 and 0.75 are
defined as “acceptable” agreement, and values below 0.40 are deemed “deficient or
unacceptable” agreement [43]. Conversely, Landis and Koch [52] suggest another
interpretation: “poor or weak” for Kappa values below 0.40, “moderate” for values between
0.41 and 0.60, “good” between 0.61 and 0.80, and “very good” for higher Kappa values up to 1.

Kendall’s W. Kendall’s W is a non-parametric range test that indicates the degree of
association or level of concordance between themean ranges of the evaluations performed by
expert judges according to an ordinal scale [50]. An interpretation of Kendall’sW is presented
in Table 4.

Tastle–Wierman consensus. Tastle–Wierman consensus is a measure of dispersion as a
representation of consensus (agreement) and dissension (disagreement). The measure is
applied to a Likert scale (or any ordinal scale) to determine the degrees of consensus or
agreement. With this measure, data on ordinal scales can receive a dispersion value that is
logically and theoretically solid [48, 51, 53]. The minimum value assumed by the coefficient is
0 and the maximum is 1. William J. Tastle andWierman [48] have not defined parameters for
interpreting this index; therefore, they shall be interpreted in the same way as Kendall’s W.
The average ratings of each element will also be used to calculate the final rating of a
complete round [54].

Practical applications of this index can be consulted in studies such as Villaverde &
Kosheleva [53], W J Tastle and Wierman [51], and William J. Tastle and Wierman [48].

Expert judgment
The first objective of content validity is to gain the opinion of expert judges who support or
reject the appropriate operational definition within the universe of conceptual content. The
ability to make effective decisions in situations where there is contradictory or insufficient
information has led to an increased use of consensus methods, namely brainstorming,
nominal group technique and the Delphi survey technique [55]. This study is developed
following the Delphi method, which is detailed below.

Delphi method
The Delphi prospective method consists of a technique for obtaining information, based on
consulting experts in an area, in order to obtain the most reliable consensus opinion of the

Kendall’s W Interpretation Confidence in the classification

0.1 ≤ W < 0.3 Very weak consensus None
0.3 ≤ W < 0.5 Weak consensus Low
0.5 ≤ W < 0.7 Moderate consensus Moderate
0.7 ≤ W < 0.9 Strong consensus High
W ≥ 0.9 Exceptionally strong consensus Very high

Source(s): Taken from [56]

Table 4.
Interpretation of
Kendall’s W
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group consulted [57]. If used systematically and rigorously, this method can contribute
significantly to expanding knowledge [55]. A group of at least five individuals is
recommended to have enough control over casual agreement; and the maximum number
of judges has not yet been determined. Each judge performs the evaluation of the quantitative
and qualitative views on the items; after analyzing their answers, the research team sends
each judge the resulting median, requesting that they reconsider their judgment until a
consensus is reached [8, 41].

To verify the consensus of answers, the use of the Tastle–Wierman consensus coefficient
is suggested. When Consensus > 0.70, there is good agreement, and the round is terminated.

Expert competence coefficient (K). One way to select the experts is through the analysis of
their relevance as experts by calculating the expert competence coefficient (K) [58], using the
formula [6]:

K ¼ 1

2
ðKc þ KaÞ (6)

Kc is the knowledge or information coefficient representing a measure of the level of
knowledge about the subject. The judge’s self-assessment is required on a discrete scale of
0 to 1, and then multiplied by 0.1.

Ka is the argumentation or substantiation coefficient of the criteria of the experts. The
judge self-assesses addressing six possible sources of argumentation [59] (See Table 5).

After obtaining the final value, experts with a rating below 0.8 are not included in the
study [60].

The following section provides a detailed description of the systematic process, and the
results obtained are analyzed.

Methods
This is a quantitative non-experimental descriptive study. During the process, the qualitative
and quantitative points of view of expert judges regarding the research topic were collected
following the methodology proposed by Ref. [55].

Study design
Aweb-based Delphi process was developed to engage expert judges and validate the content
of the measurement instrument regarding the implementation of DT in HEIs.

The steps followed were (1) preparation of instructions and spreadsheets, (2) engagement
of experts- Delphi method, and (3) collection and analysis of outcomes.

Preparation of instructions and spreadsheets. Prior to the construction of the instrument, a
literature review was carried out. As a result, 29 items were identified and grouped into four
main dimensions, twelve of them belonging to the organizational perspective (41.37%), six
belonging to the socio-cultural perspective (18.18%), six that represent the technological

Source of argumentation or substantiation High [3] Medium [2] Low [1]

Theoretical analyses you have carried out 0.3 0.2 0.1
Your experience gained 0.5 0.4 0.2
Studies of works by national authors 0.05 0.05 0.05
Studies of works by international authors 0.05 0.05 0.05
Your own knowledge about the state of the problem abroad 0.05 0.05 0.05
Your intuition 0.05 0.05 0.05

Table 5.
Degree of influence of

the source on your
criteria
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perspective (20.68%), and five related to the maturity of the DT process in HEIs (17.24%) (See
Appendix A. URL: https://n9.cl/fulz6).

Subsequently, the elements were refined and organized in a suitable format and
sequence so that the information was collected in a useable form [8]. Furthermore, the
instructions to the judges regarding the dimensions and the indicator measuring each item
or a group of items were explained in detail through videos, a cover letter and written
documents [41]. Finally, ethical considerations such as acceptance, permission to use and
safeguarding of information provided by the expert judges were respected within
the study.

Experts selection – Delphi method. Identification and selection of judges. The sample
selection was non-probability, purposive and critical [61], according to interest in
participating in the study, knowledge of DT in HEIs, experience and availability. Some
experts were contacted through the emails available in the different scientific articles on DT,
and other recognized experts in the different countries. Initially, a list of 32 judges was drawn
up, each of whom received a letter of introduction and invitation to be part of the expert trial;
eleven judges accepted. The expert judges were asked to respond to the self-assessment,
following the requirements described in expert competence coefficient (K) section to calculate
the expert competence coefficient (K); finally, the nine experts with aK rating greater than 0.8
were selected.

Preparation. The process was created with a criterion seeking the participation of expert
judges from different geographical regions and with heterogeneous experience. The Delphi
method of expert judges consisted of a total of nine judges: doctors – 4 and systems engineers
or electricians – 5, who work as professors – 5, HEI dean – 1, or innovation directors – 3 in
HEIs. The expert group also reflected a diversity of opinions with varied geographical
representation, from the countries of Colombia – 5, Spain – 1, Portugal – 1, Guatemala – 1 and
Germany – 1.

The role of the expert judges was to review these indicators and establish the level of
agreement regarding the relevance, coherence, clarity and sufficiency of each item.

Collection and statistical analysis of the data. Data collection. The survey was
conducted through the SurveyMonkey application. The Delphi method took place
between October and November 2021. It started with the formal invitation to be part of the
expert group of judges, information on the design of the study, and the link to enter the
website, sent by email. Judges who accepted the invitation were asked to respond within
three weeks of receiving the email. The communication and evaluation by experts were
asynchronous. Up to two reminders were sent to participants who did not complete the
survey in the specified period, and the survey was finally closed after two months, with
very significant, complete and detailed contributions from nine judges.

The survey included four sections. The first provided information about the study, the
self-assessment required to calculate the knowledge coefficient Kc. The second section
referred to the identification of the future respondent. The third contained themain university
characteristics and dimensions with their respective items, along with the description of the
characteristics of each construct, scientific relevance and indicators to qualify each item.
Finally, the fourth section collected the judges’ self-evaluation information to calculate the
argumentation coefficientKa. Additionally, each section offered several free text fields for the
judges’ observations.

In this round and for each indicator, the experts had to indicate their agreement or
disagreement on a 4-level Likert scale (does not meet the criteria, low level, moderate level,
high level), according to sufficiency, clarity, coherence and relevance.

Analysis was carried out using Microsoft Excel, and R studio applying Consensus
function.
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Statistical analysis of the data
Two sets of statistics were applied to the answers provided by the judges, specifically the
Aiken’s V [36], and the Tastle–Wierman consensus coefficient [51].

Consensus among judges – Tastle–Wierman consensus
A Tastle–Wierman consensus value greater than or equal to 0.7 would indicate a strong
consensus, and the expert round would be finalized. However, if the value is less than 0.7, the
survey must be resubmitted to the expert judges. In each iteration, the following information
would be returned for each item: (1) The average classification of the item for the judges; (2)
The judge’s rating of the item in the previous round; (3) An indication of the current level of
consensus, based on the value of the Tastle–Wierman consensus coefficient; and
(4) A paragraph summarizing the comments of the other participants on why they
evaluated that element as they did. Based on this, the participants review their evaluations for
each item with their respective observations [54].

The modifications to the items are made based on the expert judges’ observations and the
results of Aiken’s V, considering that the item is maintained if the value of Aiken’s V is
greater than or equal to 0.74; otherwise, it is modified or deleted.

The desired outcome is a tendency towards 1, and new rounds can be held if the minimum
value of 0.7 in judges’ agreement is not reached in the first round, nor a value greater than 0.74
in the Aiken’s V coefficient with a statistical significance of 0.036.

Findings
Judge selection
The coefficients of knowledge and argumentation obtained for each judge were calculated
(see Table 6).

According to Table 5, nine judges were identified who met the selection criteria presented
at the beginning of the study, i.e., a K coefficient greater than or equal to 0.8.

Coefficient of content validity and consensus among judges
Once the coefficients have been calculated by item, by dimension and by the instrument
(Appendix B. URL: https://n9.cl/k2a6g), appropriate levels in the Aiken’s V coefficient are
deduced for most of the items, validating their content, except for item 4 clarity indicator
(V 5 0.63) and the business processes sub-dimension sufficiency indicator (V 5 0.70).

Regarding consensus among the judges, calculated with the Consensus coefficient, a value
greater than or equal to 0.78 is observed in most items of the instrument, indicating “Strong

Judge Kc Ka K Decision

1 0.8 1 0.9 Influential
2 0.8 1 0.9
3 1 1 1
4 1 1 1
5 0.8 0.8 0.8
6 0.9 1 0.95
7 0.6 0 0.3 Not influential
8 0.8 1 0.9 Influential
9 0.9 0.8 0.85
10 0.7 0.8 0.75 Medium influence
11 0.8 1 0.9 Influential

Table 6.
Knowledge coefficient
(Kc), argumentation
coefficient (Ka), and
expert competence

coefficient (K),
obtained for each judge
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Consensus.” The exceptions are the clarity of item 3 (Consensus5 0.57); coherence (V5 0.60),
relevance (Consensus5 0.65) and clarity (Consensus5 0.54) of item 4; business processes sub-
dimension (organizational dimension) sufficiency (Consensus 5 0.66); strategic planning sub-
dimension (Organizational dimension) sufficiency (Consensus 5 0.65); Clarity of item 11
(Consensus5 0.65); Clarity of item 13 (Consensus5 0.66); Relevance (Consensus5 0.50) and
clarity (Consensus 5 0.57) of item 20; and item 24, all indicators (coherence, relevance, clarity)
(Consensus 5 0.57).

The analysis of content validity and consensus among judges of the entire instrument is
presented in Table 7.

It is observed that, in all cases, theAiken’sV coefficient is greater than 0.74with a p<0.05,
indicating that the items are considered valid; likewise, for all the dimensions, there is
consensus greater than 0.74 among all the judges, indicating “Strong Consensus.”
Conversely, the evaluation indicator for clarity in the technological dimension indicates a
moderate consensus (Consensus 5 0.68).

In response to observations provided by the experts, qualitative changes weremade in the
drafting of the questions and some context was modified to finalize the design of the
questionnaire.

Discussion
The analysis of the consolidated outcomes of the instrument through Aiken’s V and
Consensus coefficients indicates that the instrument has content validity and that there is
strong consensus among the judges; therefore, a second round is not required. Conversely, the
values that did not exhibit statistical significance in their content validity and/or had values
lower than 0.7 in Consensus coefficient were carefully reviewed by the authors and reflecting
the observations provided by the expert judges, wording and context were adjusted to
facilitate the understanding of the item. Items 20 and 21 under the technological dimension
were likewise merged into a single item.

In content validity studies, researchers can receive invaluable information from expert
judges who provide constructive feedback on the quality of newly developed measures and
the objective criteria against which they should evaluate each item [34]. The expert judges’
clear observations made it effortless to correct and adjust the items which presented values
below those required by the Aiken’s V and Consensus coefficients. Consequently, the DT at
HEI instrument will allow to measure the TD in the HEI considering the three organizational,
socio-cultural and technological dimensions.

Conclusions, limitations and implications
The paper introduced the theoretical background section that supports the creation of the
instrument, and subsequently the validity section that contributed to the literature regarding
the evaluation of content validity, offering a detailed description of the process that were
carried out. In addition, the methodological process described in the validity section could be
adapted and applied to new studies.

Indicators

Dimensions
Coherence Relevance Clarity Sufficiency All dimensions

V CI C V CI C V CI C V CI C V CI C

Organizational 0.94 [0.77–1.02] 0.93 0.97 [0.81–1.03] 0.92 0.88 [0.69–0.98] 0.89 0.89 [0.7–0.99] 0.77 0.92 [0.74–1] 0.84
Socio–cultural 0.95 [0.78–1.02] 0.86 0.97 [0.8–1.03] 0.95 0.91 [0.73–1] 0.78 0.89 [0.7–0.99] 0.77 0.93 [0.75–1.01] 0.82
Technological 0.90 [0.72–0.99] 0.86 0.93 [0.76–1.01] 0.91 0.86 [0.67–0.97] 0.76 0.81 [0.62–0.94] 0.77 0.88 [0.69–0.98] 0.74
DT maturity 0.96 [0.8–1.02] 0.74 0.96 [0.79–1.02] 0.80 0.96 [0.79–1.02] 0.68 0.96 [0.8–1.02] 0.74 0.96 [0.79–1.02] 0.88

Table 7.
Content validity (V),
confidence interval (CI),
and consensus among
expert judges (C)
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The study of an instrument’s validity is a long process, and the critical first step should be
the study of content validity, for content validity verifies that the instruments used for studies
are suitable for the construct, the population being researched, and the sociocultural context
in which the study is being carried out.

Validity is not an instrument’s property, but the property of the scores obtained by an
instrument used for a specific purpose in a special group of respondents [8]. Since content
validity is a prerequisite for other types of validity, it should have the highest priority during
the instrument’s development.

The evaluation of the instrument described in this paper facilitates the obtaining of
scientifically valid and reliable results, to validate the relationships among the constructs
(organizational, socio-cultural and technological perspectives) that impact the DT in HEIs.

A novel measurement instrument was designed and has content validity, evidenced by
Aiken’s V coefficients of 0.91 with a 0.05 significance, and consensus among judges
evidenced by consensus coefficient of 0.81.

After analyzing the results of the Aiken’s V and Consensus coefficients, it was concluded
that the measuring instrument has content validity, as well as consensus among the judges.
This indicated that a second round was not necessary.

There are some limitations that need to be pointed out. First, even though we tried to
enhance 32 experts, there were only 9 judges who were allowed to participate in the Delphi
study. The number of judges was clearly limited, it is reasonable to be prudent with the
findings that cannot be generalized. Second, the DT at HEI is a topic of recent study, and this
paper introduces a novel relationship that need to be validated by empirical studies to
generalize the findings and subsequently become a reference model to implement.

In addition, our study makes practical implications, particularly providing
understandings and sheds new lights on the most essential constructs integrated and
relatedwith the DTat HEI to engender the organizational transformation. Finally, the content
validity of the instrument enables us to carry out the survey in the different institutions of
higher education, to analyse and prove the model.

Finally, authors recommend incorporate additional IES characteristics in Section 1 of the
instrument (Appendix A. URL: https://n9.cl/fulz6), to be considered as mediator and
moderator variables that could help go beyond studying a complex relationship.
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