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Abstract: Between two possible practices when supervising a remote synchronous evaluation, during
the COVID-19 pandemic, the majority of Spanish universities opted for the use of videoconferences
with audio and active video, instead of implementing e-proctoring. Thus, in order to analyze
the reasons for this non-implementation and take measures so that its use can be extended in the
Spanish university system, this study focused on identifying the critical factors in the decision of
Spanish universities to accept and implement e-proctoring as a method of remote supervision. For
this, a causal study was carried out using the methodology of fuzzy cognitive maps, and the data
obtained were processed through the FCMappers tool. This allowed a glimpse of the key role played
by students in this non-implementation (who alleged the non-possibility of having the resources
necessary for the use of e-proctoring and the violation of privacy that the use of this tool entailed)
and highlighted the role of the “pressure or incentives from government” factor if these allegations
are to be eliminated and if e-proctoring is to be implemented in Spanish universities.
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1. Introduction

One of the systems where weaknesses and shortcomings can be observed due to the
disruption of COVID-19 in Spain is the educational system, where the mandatory nature of
complete remote teaching in higher education (universities), caused by the restrictions of
movement of the inhabitants, showed a high capacity for adaptation when extrapolating
face-to-face teaching to the virtual mode, but a great problem when carrying out the
evaluation process remotely, trying to ensure academic integrity. Above all, the latter, when
trying to find a synchronous evaluation of theoretical–practical content, is what is intended
to be achieved with face-to-face exams in traditional teaching [1–3].

Among the problems caused by this remote evaluation model were [4] identity theft
and copying of students (consulting third parties or accessing materials not allowed in
the development of an exam). As a solution to these problems, there were two possible
practices: the use of e-proctoring and the use of videoconferences with audio and active
video, where the majority of Spanish universities opted for the use of videoconferences
instead of implementing e-proctoring [5,6].

The electronic supervision system known as e-proctoring or electronic proctoring was
used for remote teaching before the COVID-19 pandemic; it allowed monitoring the remote
evaluation process through telematic resources in order to ensure academic integrity and
achieve reliable results based on the knowledge actually achieved by students [7].

This method of supervision made possible visual and auditory surveillance of the
remote evaluation process (using the audio system and camera of the examinee’s computer
or mobile phone), as well as monitoring of the computer (if the test is computerized) to
display the screen where the student is taking the test and to not allow the student to leave
the exam screen or to consult another application or program on that computer [8].
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These two e-proctoring applications were able to achieve a reliable validation of
the student’s identity, control the student’s behavior when taking the exam, and record
the student’s activity on the computer during the exam, leaving everything recorded for
possible revisions and identification of examination rule violations [9].

However, for this process to be successful, it was necessary to guarantee appropriate
equipment, adequate connectivity, and prior training for teachers and students, as well as
to ensure that all requirements and processes related to data protection were met [10].

Despite the applications of this tool and the relevance of its use to increase the academic
integrity and quality of the evaluation process without requiring physical presence (not
only now, to help guarantee the performance and sustainability of this process in this
pandemic, but for possible future pandemics or for a possible globalization of universities
and their services in an increasingly remote future), this tool did not achieve widespread
use in Spanish universities during this period [5,6].

For this reason, and in order to analyze reasons for this non-implementation and
take measures so that its use can be extended in the Spanish university system, this study
focused on locating the determining factors in the decision of Spanish universities to accept
and implement e-proctoring as a method of remote supervision.

Thus, for this research, a literature review was carried out that allowed the presentation
of a list of factors that influence the adoption and use of new technological tools (that
is, when Spanish universities accept this tool as a method of remote supervision), and
subsequently a causal study of all these factors that influence this decision was developed
using fuzzy cognitive maps, a methodology based on expert judgment in which experts
in technology and education quantify and analyze all of the causal relationships between
these factors to determine the most influential factors when universities accept this tool.

Most of the investigations studying the factors involved in the adoption and use of
technological tools in a company/institution have independently assessed the degree of
influence that each of these factors exerts on that decision, but have not taken into account
that the factors that affect a decision can influence each other (which can cause changes in
the relevance of each of the factors in decision making). For this reason, it was decided to
carry out a causal study of the system of factors that are involved in this decision making,
and it was decided not to carry out a causal study of the influence of each of the factors on
the decision to be made.

The data collection for the study was carried out through an interview, where each
of the interviewees had to carry out a causal study of the system that would later serve to
make a global causal map with the average assessment of experts, which was processed
with the FCMappers tool and allowed to obtain the most relevant factors in this decision, in
addition to the factors that exert the most influence on the rest of the factors and the factors
that receive the most influence from the rest.

2. Literature Review

In our society, the evolution and advancement of technologies in the activities that
we must carry out every day is more than evident [11–15]. This is something that can be
observed in all sectors [16–19].

During the pandemic period, in Spain, a great development of technologies in the
educational sector [20–22] was demonstrated and made it possible to effectively and
efficiently extrapolate face-to-face teaching at Spanish universities to a virtual mode [23–25].

Many of the technological tools that were used in this extrapolation had already been
used as a complement to the face-to-face teaching process, so their use did not cause
alterations among teachers, students, and universities [26–28]. Among these tools were
digital platforms [29–31], MOOCs [32], tools based on word processing [33,34], multime-
dia tools, gamification tools [35–38], social networks [39–41], augmented reality [42–46],
robotics [47–49], and/or virtual forums [50,51], among others.

Other technological tools that were used in this extrapolation and that had not been
used as a complement to the face-to-face teaching process were incorporated without major
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problems, such as the use of videoconferences to retransmit teaching [52] or the use of
videoconferences to carry out tutorials [53], since neither of these two forced students to
have their camera active.

However, a problem arose when carrying out the evaluation processes remotely
in an attempt to ensure academic integrity, since these processes brought identity theft
attempts by students and multiple complaints of plagiarism into exams [54,55]. This caused
some universities to initially opt for e-proctoring when supervising exams remotely, but
finally, the vast majority of universities opted for video conferencing with active audio and
video [5,6].

These are the two possible practices when supervising a remote synchronous evalua-
tion, and the advantages, disadvantages, and tips for using both can be seen below [1,10]
(Table 1):

Table 1. Advantages, disadvantages, and tips for use in supervision practices in remote synchronous
evaluation.

Advantages Disadvantages Tips

VIDEOCONFERENCES
(with active audio and video)

- Supervision of students and
their environment.
- Easy configuration.

- Requires adequate
connectivity.
- It is not recommended in
large groups.

- You need to record the
videoconference as evidence.

E-PROCTORING

- Supervision of students and
their environment.
- Supervision of students’
computers.
- Reliable identification of
students.
- Recommended in small
groups and in large groups.

- Requires adequate
connectivity.
- Requires taking into account
everything related to data
protection.
- Although its use is easy, it
requires prior training for
teachers and students to
ensure correct installation.

- It is necessary to carry out a
test the first time it is used.

The use of e-proctoring is growing in the field of online personnel recruitment [56]
and in the educational field [57], where its most common use is usually found in training
through MOOCs (Massive Open Online Courses): platforms such as edX (one of the main
platforms in MOOCs) uses this practice since 2017 [58].

Its use is making it possible to offer complete remote training in universities (such
as Indiana University) [59–61], in schools for the evaluation and certification of skills to
practice professions (such as the International Accrediting Body) [62], in MOOCs or Mi-
crodegrees [58], in territories with geographical dispersion and emerging countries [63,64],
and in asynchronous environments within the teaching-learning processes [65,66], all of this
providing credibility in the identification when evaluating and certifying knowledge [58].

ProctorU, one of the distributors of this system and one of the most common e-
proctoring systems today, announced in 2017 that it had already performed more than
4 million exams using this procedure [67]. It is not the only distribution company of this
system that exists; we can also find Remote Proctor NOW (RPNOW), e-Proctoring or
Proctor Exams, among others, each of which provides its own computer control systems
where the test is carried out.

Despite the widespread use of e-proctoring, its applications and the relevance of
its use to increase the academic integrity and quality of the evaluation process without
requiring physical presence, which could have caused a great advance in the possible
globalization of Spanish universities and their services remotely, this tool did not achieve
widespread use in Spanish universities during this pandemic period. It was the option of
using videoconferencing with audio and active video, which was finally chosen by the vast
majority of universities.
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Thus, in order to analyze the reasons for this non-implementation and take measures
so that the use of e-proctoring can be extended in the Spanish university system, this study
focused on locating the determining factors in the decision of Spanish universities to accept
and implement e-proctoring as a method of remote supervision.

To do this, a literary review was first carried out based on the research present in the
main scientific databases (Web of Science, Scopus and Google Scholar), which allowed us
to present a list of 15 factors that influence the adoption and use of new technological tools.
Each one of these factors and their implication in the adoption and use of new technological
tools was ratified by the investigations from which they were extracted, which are reflected
below:

• Complexity: This factor refers to the level of difficulty in terms of the use, exploitation,
and manageability. This factor is part of the technological context and was adopted
from the studies by Sonnenwald, Maglaughlin, and Whitton [68] and Berman et al. [69].

• Compatibility: This factor refers to whether the adoption is consistent with the values,
needs, and previous experiences of potential adopters. This factor is part of the
technological context and was adopted from the study by Rogers [70].

• Relative advantage: This factor refers to whether the benefits in adoption are perceived
to have advantages over the systems it replaces. This factor is part of the technological
context and was adopted from the studies by Rogers [70] and Ekong et al. [71].

• Perceived cost: This factor refers to the expenses incurred in the adoption. This factor
is part of the technological context and was adopted from the study by Premkumar,
Ramamurthy, and Crum [72].

• Characteristics of the leader or manager: This factor refers to the influence of the
manager’s age, training, and degree of innovation on adoption. This factor is part of
the organizational context and was adopted from the study by Cerdán [73].

• Perceived reliability of the technology: This factor refers to the confidence of potential
adopters in the adoption. This factor is part of the organizational context and was
adopted from the study by Tu [74].

• Top management support: This factor refers to the degree of support from the prospec-
tive adopters’ management in the adoption. This factor is part of the organizational
context and was adopted from the studies by Al-Shura et al. [75], Lin and Chen [76],
and Feuerlicht and Govardhan [77].

• Size of the company: This factor refers to the influence of company size on adoption.
This factor is part of the organizational context and was adopted from the studies by
Al-Shura et al. [75] and Lippert and Govindarajulu [78].

• Technological organizational readiness: This factor refers to the availability of the
organizational technological resources necessary for adoption, namely, technological
infrastructure and specialized human resources. This factor is part of the organiza-
tional context and was adopted from the studies by Iacovou, Benbasat, and Dexter [79],
Mehrtens, Cragg, and Mills [80] and To and Ngai [81].

• Pressure from competitors: This factor refers to the pressure related to the adoption
of this new technological tool in competitors. This factor is part of the environmental
context and was adopted from the study by Laforet [82].

• Pressure from business partner: This factor refers to investor pressure based on
previous adoptions. This factor is part of the environmental context and was adopted
from the study by Gutierrez, Boukrami, and Lumsden [83].

• Pressure from customers: This factor refers to the pressure from customers to adopt
this new technological tool. This factor is part of the environmental context and was
adopted from the study by Kula and Tatoglu [84].

• Pressure or incentives from government: This factor refers to the influence of the
appropriate use of standards as an incentive to encourage adoption. This factor is part
of the environmental context and was adopted from the study by Tu [74].
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• Support from the information systems providers: This factor refers to the support of
providers in the adoption. This factor is part of the environmental context and was
adopted from studies by Rogers [70] or Premkumar and Roberts [85].

• Security: This factor refers to the feeling of absence of danger or risk in use. This factor
is part of the security context and was adopted from the study by Weber [86].

Later, a causal study was developed with all of these factors, which influence the
adoption and use of new technological tools, to locate the determining factors in the
decision of Spanish universities to accept and implement e-proctoring as a method of
remote monitoring.

3. Methodology

This causal study was carried out through the fuzzy cognitive maps methodology, as
this methodology not only reflects the causality of each of the factors regarding the decision
to be made, but also reflects the existing causality between all of the factors involved
in the decision to be made (a fact that can cause changes in the relevance of each of the
factors involved and that represents a more faithful image of what really happens in a
decision-making process) [87–89].

This methodology is one of the most relevant in the study of knowledge and is one of
the most used for this type of study, as can be seen in the review that Papageorgiou and
Salmerón made on the research carried out with fuzzy cognitive maps in recent years [90].
Additionally, it is a methodology that is used to identify, define, and validate the factors of
a system and identify the causal relationships between these factors, in order to propose
strategies and help make decisions [91].

In the scientific field, it is usually used for its descriptive (it allows describing the
factors involved in a system), explanatory (it allows explaining the behavior of the factors
involved in a system), reflective (it allows decisions to be made based on the behavior of
the factors in a system), and/or predictive application (it allows predicting the actions of
the factors involved in a system) [92].

Due to these applications within the scientific field, in this study, it was decided to opt
for this methodology, as it allows to identify the factors involved in decision making, in
addition to explaining the reasons for a decision thanks to the existing causality between
the factors involved in decision making.

This methodology is based on expert judgment, and interviews are typically used for
data collection. For this reason, interviews were conducted with experts in the technology
and education fields, who identified the factors involved in this decision and quantified
and analyzed all of the causal relationships between these factors.

In each of the interviews, a causal study of the studied system was carried out; the
interviewees received a table with the factors identified during the literature review, and
they had to identify which of these factors were involved in this decision making and
contribute new factors if they saw fit [93]. Subsequently, they had to analyze the causal
relationships existing between all of the factors involved in this decision making (identified
and contributed) and had to assess the degree of each of these relationships, quantifying it
in an interval [−1, 1] (as −1 if a factor had a strong negative influence on another factor, 0 if
one factor had no influence on another factor, or 1 if a factor had a strong positive influence
on another factor) [94,95].

The data acquired in each of the causal studies were used to create a global causal
map with the average assessment of each of the causal relationships identified by the
interviewees, and this causal map was transformed into the adjacency matrix, which can
be observed in Table 2.
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Table 2. Adjacency matrix of the studied system.
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Complexity 0.00 –0.40 –0.80 –0.30 0.00 –0.70 –0.70 0.00 0.00 –0.60 –0.70 –0.90 1.00 1.00 –0.85

Compatibility 0.00 0.00 0.50 0.20 0.00 0.70 0.95 0.00 0.00 0.80 0.80 0.40 0.90 0.00 0.00

Relative advantage 0.00 0.90 0.00 0.40 0.00 0.70 1.00 0.00 0.00 0.90 0.95 0.20 0.70 0.00 0.00

Perceived cost 0.00 0.00 –0.30 0.00 0.00 0.00 –1.00 0.00 0.00 –0.70 –0.80 0.00 0.00 0.30 0.00

Characteristics of
the leader or

manager
0.60 0.80 0.80 0.20 0.00 1.00 1.00 0.00 0.90 0.00 0.00 0.00 0.00 0.00 0.90

Perceived reliability
of the technology 0.40 0.80 0.90 0.40 0.00 0.00 0.85 0.00 0.00 0.60 0.90 0.00 0.65 0.00 1.00

Top management
support 0.00 0.75 0.00 0.60 0.00 0.60 0.00 0.00 0.90 0.00 0.80 0.00 0.90 0.00 0.00

Size of the company –0.60 0.65 0.70 0.80 0.00 0.00 0.00 0.00 0.80 0.40 0.40 0.00 0.75 0.90 –0.80

Technological
organizational

readiness
0.60 1.00 0.00 0.40 0.00 0.80 0.80 0.00 0.00 0.00 0.40 0.00 0.30 0.60 0.90

Pressure from
competitors 0.00 0.00 0.60 0.00 0.40 0.90 0.80 0.00 0.70 0.00 0.75 0.10 0.90 0.00 0.00

Pressure from
business partner(s) 0.00 0.00 0.90 0.40 0.60 0.60 1.00 0.00 0.80 0.00 0.00 0.00 0.90 0.00 0.40

Pressure from
customers 0.90 0.90 0.90 0.60 0.00 0.90 0.90 0.00 0.70 0.60 0.90 0.00 1.00 0.60 1.00

Pressure or
incentives from the

government
0.80 0.80 0.80 0.60 0.00 0.80 1.00 0.00 0.75 0.60 0.80 0.80 0.00 0.60 1.00

Support from
information system

providers
0.90 0.90 0.80 0.30 0.00 0.70 0.80 0.00 0.60 0.00 0.80 0.00 0.00 0.00 0.80

Security 0.90 0.90 0.90 0.40 0.00 1.00 0.80 0.00 0.00 0.00 0.50 0.80 0.80 0.70 0.00

This shade of adjacency is a square matrix formed by all of the factors involved in
this system and represents the causal relationships (existing between all of these factors)
identified by the interviewees. Each of the rows of this matrix collected the average
assessment of the causal relationships of the factor found in the corresponding row with
respect to the rest of the factors of the system (which are reflected in the columns); that
is, row 1 collected the average assessment of the causal influence that the “Complexity”
factor exerts on each of the factors found in the columns—and the same applies to the rest
of the rows.

This matrix was finally processed with the FCMappers tool, a fuzzy cognitive map
analysis tool based on Microsoft Excel [96], which allowed us to obtain the determining
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factors in this decision, in addition to the factors that exert the most influence on the rest of
the factors and those that receive the most influence from the others [97].

FCMappers first appeared as a beta version in 2009 and is the first Microsoft Excel-
based tool used to analyze fuzzy cognitive maps. To use this tool, the data of the acquired
adjacency matrix must be entered, and later, the factors are processed and classified by the
degree of influence they exert on the other factors, by the degree of influence they receive
from the other factors, and by the degree of participation or influence in decision making.

Regarding the experts who participated in these interviews and provided the analyzed
data, they were selected for their involvement in the area studied and came from two
different profiles:

- University professors who taught remotely in Spanish universities during the COVID-
19 pandemic, with training in educational technologies, research in the application of
technologies in the educational sector, and more than 10 years of teaching and research
experience. All of the professors of this profile belonged to different universities
(since only one professor per university was interviewed), all teaching in the area
of education, since they are great experts in the application of technologies in the
educational sector.

- Those responsible—or who were responsible—for the area of virtual teaching in Span-
ish universities, since they are great experts in the implementation of technologies in
the educational sector and all of them had implemented technologies in their universi-
ties during the time in their position. All those assigned to this profile belonged to
different universities (since only one manager or previously responsible person was
interviewed per university).

An invitation email was sent to the experts of the two profiles and the optimal number
of interviewees was reached when the new interviewees stopped contributing new factors
(involved in this decision) with respect to those already identified by the previous intervie-
wees, as indicated by Özesmi and Özesmi [98] for studies using this methodology. In this
way, there have been studies that used fuzzy cognitive maps with 45 [99], 40 [100], 30 [101],
29 [99], 8 [8], 7 [93], and 4 interviewees [102].

In this study, the optimal number of interviewees was reached with 40 experts (20
experts from each of the two differentiated profiles); none added new factors to those
identified in the literature review, but this number continued to provide greater significance
to the results achieved. Furthermore, no great differences were observed in the assessments
of the interviewees in terms of the causal relationships to be analyzed, which also increases
the significance of these results.

4. Results

The adjacency matrix obtained by the average assessment of the interviewees to the
existing causal relationships between the factors involved in this decision making consisted
of 15 factors and 133 causal connections (Table 2).

Processing this adjacency matrix through the FCMappers tool allowed obtaining the
classification of the most relevant factors in this decision, in addition to the classifications
of the factors that exert the most influence on the rest of the factors and the factors that
receive the most influence from the other factors. These classifications were achieved with
the assessments that this tool provided to each of the factors based on the assessments that
the experts offered in terms of the causal influences existing between them and based on
the desired classification.

The classifications of the factors that exert the most influence on the rest of the factors
(from highest to lowest) include: pressure from customers, pressure or incentives from
the government, complexity, security, size of the company, support from information
system providers, perceived reliability of the technology, characteristics of the leader
or manager, technological organizational readiness, relative advantage, pressure from
business partner(s), compatibility, pressure from competitors, top management support,
and perceived cost (Figure 1).
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Figure 1. Factors that exert the most influence on the rest of the factors.

The factor that exerts the most influence on the rest of the factors was shown to be
pressure from customers, for which the FCMappers tool provided a score of 9.90. Seven
of the 15 factors were above the mean (6.50) of the difference between the factor with the
highest score (9.90) and the factor with the lowest score (3.10).

The classifications of the factors that receive the most influence from the rest of the
factors (from highest to lowest) include: top management support, pressure from business
partner(s), perceived reliability of the technology, relative advantage, compatibility, pres-
sure or incentives from the government, security, technological organizational readiness,
complexity, perceived cost, pressure from competitors, support from information system
providers, pressure from customers, characteristics of the leader or manager, and size of
the company (Figure 2).
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The factor shown to receive the most influence from the other factors was top manage-
ment support, for which the FCMappers provided a score of 11.60. Eight of the 15 factors
were above the mean (5.80) of the difference between the factor with the highest score
(11.60) and the factor with the lowest score (0.00).

The classifications of the most relevant factors in this decision (from highest to lowest)
include: pressure or incentives from the government, top management support, perceived
reliability of the technology, security, pressure from business partner(s), relative advantage,
compatibility, complexity, pressure from customers, technological organizational readiness,
support from information system providers, pressure from competitors, perceived cost,
characteristics of the leader or manager, and size of the company (Figure 3).
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The most relevant factor in this decision was shown to be pressure or incentives from
government, for which the FCMappers tool provided a rating of 18.15. Nine of the 15
factors were above the mean (12.475) of the difference between the factor with the highest
score (18.15) and the factor with the lowest score (6.80).

5. Discussion

When it comes to pointing out the key factors in the decision of Spanish universities to
accept and implement e-proctoring as a method of remote supervision, the results achieved
in this study ended up pointing out other factors than those already mentioned in previous
studies on the implementation of this tool in educational institutions.

This is because the virtualization of the educational process caused by the COVID-19
pandemic has meant that this tool was put to the test in Spanish universities, which has
made it possible to visualize the real problems or the real key factors of these institutions in
accepting and implementing this tool today.

Previous studies pointed out drawbacks in this system, such as the fact that the
exams were not well prepared to be carried out under this modality or that supervisors
or examiners did not know how to act when student reaction problems or telematic
communication problems arose, which led to the development of mathematical models and
algorithms to help in the design of exams and to help the people responsible for proctoring
those exams [103–109], in order to improve the use of e-proctoring.

Even so, in these studies, the “security” factor has always been the center of investiga-
tions in this decision as it is the key factor or the main problem when implementing this
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tool, since its effectiveness in reducing cheating in remote evaluations of exams created
mistrust and insecurity [8,110–112] and many institutions did not dare to use it despite
studies confirming its effectiveness and advising its use in educational institutions for
remote evaluations [113–116].

In this study, two factors gained prominence that had previously not acquired such
relevance, one of which was the “pressure from customers” factor, while the other was the
“pressure or incentives from the government” factor.

The “pressure from customers” factor was the factor shown to exert the most influence
on the rest of the factors, which focuses on the pressure from students when Spanish
universities accept and implement this tool. This was verified during this period, where
the students refused its definitive implementation when Spanish universities began to
opt for this tool as a method of remote supervision, alleging social, legal and ethical
implications, such as the inability to have the necessary resources for its use and the
violation of privacy [117–121]. This led them to finally opt for videoconferences with active
audio and video [5,6] as a supervision method, which did not remedy the problems alleged
by the students, but reduced the need for resources and the violation of privacy.

All of this has caused the “pressure or incentives from the government” factor to
become the most relevant factor when it comes to Spanish universities accepting and imple-
menting this tool, so if this method is expected to be implemented in Spanish universities
as a method of remote supervision, it is necessary to offer initiatives from the universities or
from the government that encourage the acquisition of necessary resources, and initiatives
from the universities or from the government that normalize the recording of students in
the development of the evaluation and monitoring of their computers.

With regard to the initiatives from the universities or the government that normalize
the recording of students in the development of evaluations and the monitoring of their
computers, facts that may lead to ethical problems and possible conflicts with the European
standards of the General Data Protection Regulation (GDPR), as can be seen in previous
studies [112–126]; the distributors of these e-proctoring systems have already proposed
guidelines in this regard that allow them to comply with said regulations [127], and the
responsibility would fall on the universities to provide their approval of these guidelines
or indicate if they see other more fitting ones.

These distributors take into account the regulatory framework in order to develop
their solutions and confirm e-proctoring as a totally legal system as long as the rules set by
data protection regulations and user privacy laws are respected, which they are ensured if
the guidelines they provide for their operation are met [128]:

- Students must give consent from the beginning and must be informed about the
evaluation methodology.

- Those involved in this process must be informed of how the software is going to
collect personal data (before and during the evaluation process), how it is going to
treat this information and facilitate withdrawal possibilities.

- Digitized processes must be established that prevent the information collected from
being used for non-academic purposes.

- And all those involved must have the possibility of accessing their personal data
and the information collected at any time, in addition to having the possibility of
demanding its deletion and rectification.

These distributors offer solutions that manage all of this, freeing educational institu-
tions from any ethical and legal responsibility.

In terms of initiatives from the universities or the government that encourage the
acquisition of necessary resources (computers, webcams, headphones, microphones, and
Internet connection), no measures have been taken to encourage said acquisition because
their use has not yet been decided, but it is something that should be taken into account if
they decide to implement this process one day. This implementation has social implications,
and it cannot be allowed to generate inequalities in terms of opportunities depending on
whether a student has the necessary resources or not [129,130].
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6. Conclusions

Between two possible practices when supervising a remote synchronous evaluation,
during the COVID-19 pandemic, the majority of Spanish universities opted for the use of
videoconferences with audio and active video, instead of implementing e-proctoring. How-
ever, the option of implementing e-proctoring could have caused a greater advancement in
the possible globalization of Spanish universities and their services remotely and a greater
advance in the future performance and sustainability of this process in the face of possible
future pandemics, allowing a more reliable academic integrity and a higher quality in the
evaluation process without requiring the physical presence of students.

This non-implementation was due to the key role of students in the acceptance and
implementation of this tool. Students had not been taken into account before choosing this
supervision method, and they refused its implementation in Spanish universities, alleging
the non-possibility of having the necessary resources for its use and the violation of privacy.
This meant that its implementation was not carried out in the vast majority of Spanish
universities and that the “pressure or incentives from the government” factor became the
most relevant if wanting to eliminate these allegations and if to implement e-proctoring in
most Spanish universities.

Today, the distributors of these e-proctoring systems are already taking measures in
this regard and have established guidelines for their operation based on compliance with
the European standards of the General Data Protection Regulation (GDPR) to eliminate
allegations of students regarding the violation of privacy, opening up a new opportunity in
Spanish universities if they want to implement e-proctoring as a method of supervision
in remote evaluation for the possible globalization of Spanish universities or for possible
future pandemics.

This research was limited to the study of the determining factors in the decision
of Spanish universities to accept and implement e-proctoring as a method of remote
supervision in order to determine the necessary measures that must be taken to extend the
use of e-proctoring in the Spanish university system. Now that the most influential factor
has been ascertained, it would be interesting to carry out a more detailed study on this
factor, on what students want to see in these norms (whether it coincides with the proposal
of the distributors of these systems or not), and on what students want to see in terms of
institutional/governmental incentives for them to accept said implementation without
controversy. This would streamline the entire process and achieve the implementation of
this tool without further delay.

Author Contributions: Conceptualization, methodology, software, formal analysis, investigation,
resources, data curation, writing—original draft preparation, validation, writing—review and editing,
visualization, supervision, and project administration, A.I.-M., J.C.I.-M., J.G.-P. and F.J.M.-L. All
authors have read and agreed to the published version of the manuscript.

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.

References
1. Grande-de-Prado, M.; García-Peñalvo, F.J.; Corell Almuzara, A.; Abella-García, V. Higher Education assessment during COVID-19

pandemic [Evaluación en Educación Superior durante la pandemia de la COVID-19]. Campus Virtuales 2021, 10, 49–58.
2. García-Peñalvo, F.J. Digital Transformation in the Universities: Implications of the COVID-19 Pandemic. [Transformación digital

en las uni-versidades: Implicaciones de la pandemia de la COVID-19]. Educ. Knowl. Soc. (EKS) 2021, 22, e25465. [CrossRef]
3. García-Peñalvo, F.J.; Corell, A.; Abella-García, V.; Grande, M. Online assessment in Higher Education in the time of COVID-19.

[La evaluación online en la educación superior en tiempos de la COVID-19]. Educ. Knowl. Soc. (EKS) 2020, 21, 26. [CrossRef]

http://doi.org/10.14201/eks.25465
http://doi.org/10.14201/eks.23086


Sustainability 2022, 14, 8112 12 of 16

4. Rodchua, S.; Yiadom-Boakye, G.; Woolsey, R. Student Verification System for Online Assessments: Bolstering Quality and
Integrity of Distance Learning. J. Ind. Technol. 2011, 27, 1–8.

5. Asensio, A. Proctoring No, but the Active Camera Yes: This Is How the University of Granada Wants to Control Exams
[Proctoring No Pero la Cámara Activa sí: Así Quiere Controlar los Exámenes la Universidad de Granada]. Available online:
https://www.granadahoy.com/granada/Proctoring-controlar-examenes-Universidad-Granada_0_1461454134.html (accessed on
15 January 2022).

6. La Vanguardia. The University of Oviedo Says It Has Means to Guarantee That Students Do Not ‘Cheat’ in ‘Online’ Exams
[La Universidad de Oviedo Dice Contar con Medios para Garantizar que los Alumnos No ‘Copien’ en los Exámenes ‘Online’].
Available online: https://www.lavanguardia.com/local/asturias/20200430/48847660145/la-universidad-de-oviedo-dice-contar-
con-medios-para-garantizar-que-los-alumnos-no-copien-en-los-examenes-online.html (accessed on 15 January 2022).

7. Pathak, B.K. Emerging online educational models and the transformation of traditional universities. Electron. Mark. 2016, 26,
315–321. [CrossRef]

8. González-González, C.S.; Infante-Moro, A.; Infante-Moro, J.C. Implementation of E-Proctoring in Online Teaching: A Study about
Motivational Factors. Sustainability 2020, 12, 3488. [CrossRef]

9. Alessio, H.M.; Malay, N.J.; Maurer, K.; Bailer, A.J.; Rubin, B. Examining the Effect of Proctoring on Online Test Scores. Online
Learn. 2017, 21, 146–161. [CrossRef]

10. Abella-García, V.; Grande de Prado, M.; García-Peñalvo, F.J.; Corell, A. Guide of Recommendations for the Online Evaluation in
the Public Universities of Castilla y León (Version 1.1) [Guía de Recomendaciones para la Evaluación Online en la Universidades
Públicas de Castilla y León (Versión 1.1)]. Available online: https://repositorio.grial.eu/handle/grial/2013 (accessed on 15
January 2022).

11. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J. Analysis of digital competences in the Master of Tourism of the University
of Huelva [Análisis de las competencias digitales en el Máster de Turismo de la Universidad de Huelva]. Campus Virtuales 2021,
10, 141–151.

12. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Perez, J.; Martinez-Lopez, F.J.; Garcia-Ordaz, M. Training needs in digital skills in
the tourism sector of Huelva. In Proceedings of the 11th International Conference on Virtual Campus, JICV 2021, Salamanca,
Spain, 30 September–1 October 2021; pp. 1–5. [CrossRef]

13. Moreno-Guerrero, A.J.; Marín-Marín, J.A.; Parra-González, M.E.; López-Belmonte, J. Computer in education in the 21st century.
A scientific mapping of the literature in Web of Science. Campus Virtuales 2022, 11, 201. [CrossRef]

14. Cabero-Almenara, J.; Gutiérrez-Castillo, J.J.; Guillén-Gámez, F.D.; Bravo, A.F.G. Digital competencies of technical-professional
students: Creation of a causal model from a PLS-SEM approach [Compe-tencias digitales de estudiantes técnico-profesionales:
Creación de un modelo causal desde un enfoque PLS-SEM]. Campus Virtuales 2022, 11, 167. [CrossRef]

15. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J. The employment possibilities of the internet of things in the hotel sector
and its training needs [Las posibilidades de empleo del Internet de las Cosas en el sector hotelero y sus necesidades formativas].
Educ. Knowl. Soc. (EKS) 2020, 21, 14. [CrossRef]

16. Salas, R.E.M.; Pavón, P.R.R. Challenges in Higher Education: A View from Teachers’ Perceptions [Retos en la Educación Superior:
Una mirada desde la percepción de los docentes]. Educ. Knowl. Soc. (EKS) 2022, 23, e264020. [CrossRef]

17. Domingo-Carrillo, M.A.; González-Rodríguez, R.; Chávez-Miranda, E. Identifying hotel revenue management implementation
drivers. Int. J. Inf. Syst. Softw. Eng. Big Co. 2020, 7, 33–48.

18. Morales Salas, R.E.; Rodríguez Pavón, P.R. Digital ICT skills applied in organizations [Las competencias digitales en TIC aplicadas
en las organizaciones]. Int. J. Inf. Syst. Softw. Eng. Big Co. 2020, 7, 25–35.

19. Haurech, H.R.; La Red Martinez, D.L. Comparison of models for the selection of cloud computing resources. Int. J. Inf. Syst. Softw.
Eng. Big Co. 2020, 7, 7–24.

20. de Castro, M.G.A.; García-Peñalvo, F.J. Successful educational methodologies: Erasmus+ projects related to e-learning or ICT
[Metodologías educativas de éxito: Proyectos Erasmus+ relacionados con e-learning o TIC]. Campus Virtuales 2022, 11, 95–114.
[CrossRef]

21. Quinteros, J.C.F.; Builes, J.A.J.; Bedoya, J.W.B. Teaching and learning analytics applied to programming courses [Analítica de
enseñanza y aprendizaje en cursos de programación]. Campus Virtuales 2022, 11, 35–49. [CrossRef]

22. Paños-Castro, J.; Bilbao, E.; Arruti, A.; Carballedo, R. Self-perception of the digital competence of undergraduate students in
Social Education with Ikanos [Autopercepción de la competencia digital del alumnado del grado en Educación Social con Ikanos].
Campus Virtuales 2022, 11, 51–62. [CrossRef]

23. González, M.S.; Higueras, A.C. Mentoring for university professors in the fase of the Covid-19: Evaluation of a case [Mentorías
para profesorado univer-sitario ante la Covid-19: Evaluación de un caso]. Campus Virtuales 2022, 11, 181–200. [CrossRef]

24. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J. Key factors in the success of virtualization of teaching in Spanish
universities during the COVID-19 pandemic. J. New Approaches Educ. Res. 2022; accepted.

25. León-Gómez, A.; Gil-Fernández, R.; Calderón-Garrido, D. Influence of COVID on the educational use of Social Media by students
of Teaching Degrees. Educ. Knowl. Soc. (EKS) 2021, 22, e23623. [CrossRef]

https://www.granadahoy.com/granada/Proctoring-controlar-examenes-Universidad-Granada_0_1461454134.html
https://www.lavanguardia.com/local/asturias/20200430/48847660145/la-universidad-de-oviedo-dice-contar-con-medios-para-garantizar-que-los-alumnos-no-copien-en-los-examenes-online.html
https://www.lavanguardia.com/local/asturias/20200430/48847660145/la-universidad-de-oviedo-dice-contar-con-medios-para-garantizar-que-los-alumnos-no-copien-en-los-examenes-online.html
http://doi.org/10.1007/s12525-016-0223-4
http://doi.org/10.3390/su12083488
http://doi.org/10.24059/olj.v21i1.885
https://repositorio.grial.eu/handle/grial/2013
http://doi.org/10.1109/jicv53222.2021.9600285
http://doi.org/10.54988/cv.2022.1.1019
http://doi.org/10.54988/cv.2022.1.1008
http://doi.org/10.14201/eks.22777
http://doi.org/10.14201/eks.26420
http://doi.org/10.54988/cv.2022.1.1022
http://doi.org/10.54988/cv.2022.1.880
http://doi.org/10.54988/cv.2022.1.886
http://doi.org/10.54988/cv.2022.1.1000
http://doi.org/10.14201/eks.23623


Sustainability 2022, 14, 8112 13 of 16

26. Dominguez-Lara, S.; Gravini-Donado, M.; Moreta-Herrera, R.; Quistgaard-Alvarez, A.; Barboza-Zelada, L.A.; De Taboada, L.
Psychometric properties of the Student Adaptation to College Questionnaire - Remote Education in freshmen college studentes
during pandemic [Propiedades psicométricas del Student Adaptation to College Questionnaire - Educación Remota en estudiantes
universitarios de primer año durante la pandemia]. Campus Virtuales 2022, 11, 81–93. [CrossRef]

27. Morales Salas, R.E.; Infante-Moro, J.C.; Gallardo-Pérez, J. Mediation and interaction in a VLE for effective management in virtual
learning [La mediación e interacción en un AVA para la gestión eficaz en el aprendizaje virtual]. Campus Virtuales 2019, 8, 49–61.

28. Knopik, T.; Oszwa, U. E-cooperative problem solving as a strategy for learning mathematics during the COVID-19 pandemic.
[La resolución de problemas e-Cooperativo como estrategia para el aprendizaje de las matemáticas durante la pandemia de la
COVID-19]. Educ. Knowl. Soc. (EKS) 2021, 22, e25176. [CrossRef]

29. Collazos, C.A.; Pozzi, F.; Romagnoli, M. The Use of e-Learning Platforms in a Lockdown Scenario—A Study in Latin American
Countries. Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16, 419–423. [CrossRef]

30. Jou, V.F.; Martin, R.P. Flipped Classroom in the Teaching of Mathematics: A Systematic Review. [Flipped classroom en la
enseñanza de las ma-temáticas: Una revisión sistemática]. Educ. Knowl. Soc. (EKS) 2021, 22, e24409. [CrossRef]

31. Rodriguez-Calderon, R.; Belmonte-Izquierdo, R. Educational Platform for the Development of Projects Using Internet of Things.
Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16, 276–282. [CrossRef]

32. Khlaif, Z.N.; Ghanim, M.; Abu Obaid, A.; Salha, S.; Affouneh, S. The Motives and Challenges of developing and delivering
MOOCs courses. Educ. Knowl. Soc. (EKS) 2021, 22, e23904. [CrossRef]

33. Díaz, M.D.; Sanz, Y.E.; Ezpeleta, A.L.M. Reading on digital media and the reading process of teachers in training [La Lectura en
medios digitales y el proceso lector de los docentes en formación]. Pixel-Bit Rev. Medios Educ. 2022, 63, 131–157. [CrossRef]

34. Faria-Ferreira, A.P.; Ferreira, P.A.F.; Marques, C.G. Motivating for Reading through Transmedia Storytelling: A Case Study with
Students from a Middle School in the Médio Tejo Region [Motivación para la lectura a través de la narración transmedia: Un
estudio de caso con alumnos de una escuela media de la región del Médio Tajo]. Educ. Knowl. Soc. (EKS) 2021, 22, e23680.
[CrossRef]

35. Magadán-Díaz, M.; Rivas-García, J.I. Classroom gamification in online higher education: The use of Kahoot [Gamificación del
aula en la enseñanza superior online: El uso de Kahoot]. Campus Virtuales 2022, 11, 137–152. [CrossRef]

36. González-Limón, M.; Rodríguez-Ramos, A.; Padilla-Carmona, M.T. Gamification as a methodological strategy at the University.
The case of BugaMAP: Students’ perceptions and evaluations [La gamificación como estrategia metodológica en la Universidad.
El caso de BugaMAP: Percepciones y valoraciones de los estudiantes]. Pixel-Bit Rev. Medios Educ. 2022, 63, 293–324. [CrossRef]

37. Grávalos-Gastaminza, M.A.; Hernández-Garrido, R.; Pérez-Calañas, C. The kahoot technology tool as a way to promote active
learning: An analysis of its impact on teaching in the Degree of Business Administration and Management [La herramienta
tecnológica kahoot como medio para fomentar el aprendizaje activo: Un análisis sobre su impacto en la docencia en el Grado de
Administración y Dirección de Empresas]. Campus Virtuales 2022, 11, 115–137. [CrossRef]

38. Gasca-Hurtado, G.P.; Gomez-Alvarez, M.C.; Hincapie, J.A.; Zepeda, V.V. Gamification of an Educational Environment in Software
Engineering: Case Study for Digital Accessibility of People with Disabilities. IEEE Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16,
382–392. [CrossRef]

39. Rubio-Hurtado, M.-J.; Fuertes-Alpiste, M.; Martínez-Olmo, F.; Quintana, J. Youths’ Posting Practices on Social Media for Digital
Storytelling. J. New Approaches Educ. Res. 2022, 11, 97–113. [CrossRef]

40. Álvarez-Herrero, J.-F.; Urrea-Solano, M.; Martínez-Roig, R. Sustainability and education through social networks. Presence and
visibility of the school garden on Twitter, Facebook and Instagram. IJERI Int. J. Educ. Res. Innov. 2021, 122–141. [CrossRef]

41. Gordillo, A.; Barra, E.; Garaizar, P.; Lopez-Pernas, S. Use of a Simulated Social Network as an Educational Tool to Enhance
Teacher Digital Competence. Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16, 107–114. [CrossRef]

42. Marín-Díaz, V.; Requena, B.E.S.; Gea, E.V. The virtual and augmented reality in secondary education class [La realidad virtual y
aumentada en el aula de secundaria]. Campus Virtuales 2022, 11, 225. [CrossRef]

43. Roda-Segarra, J.; Mengual-Andrés, S.; Martínez-Roig, R. Using Virtual Reality in Education: A bibliometric analysis. Campus
Virtuales 2022, 11, 153–165. [CrossRef]

44. Cardona-Reyes, H.; Ortiz-Aguinaga, G.; Barba-Gonzalez, M.L.; Muñoz-Arteaga, J. User-Centered Virtual Reality Environments to
Support the Educational Needs of Children with ADHD in the COVID-19 Pandemic. Rev. Iberoam. De Tecnol. Del Aprendiz. 2021,
16, 400–409. [CrossRef]

45. Casteleiro-Pitrez, J. Augmented Reality Textbook: A Classroom Quasi-Experimental Study. Rev. Iberoam. De Tecnol. Del Aprendiz.
2021, 16, 258–266. [CrossRef]

46. Aballay, L.N.; Aciar, S.V.; Collazos, C.A. Emotions for Virtual Learning Environments. Rev. Iberoam. De Tecnol. Del Aprendiz. 2021,
16, 215–224. [CrossRef]

47. Perez, J.; Azuaje, M.; Leon, C.; Pedroza, O. Effects of Social Robotics on Episodic Memory in Children with Intellectual Disabilities.
Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16, 393–399. [CrossRef]

48. Carro, G.; Sancristobal, E.; Plaza, P. Robotics as a Tool to Awaken Interest in Engineering and Computing Among Children and
Young People. Rev. Iberoam. De Tecnol. Del Aprendiz. 2021, 16, 204–212. [CrossRef]

49. Plaza, P.; Sancristobal, E.; Carro, G.; Blazquez-Merino, M.; Garcia-Loro, F.; Munoz, M.; Albert, M.J.; Morinigo, B.; Castro, M.
Scratch as Driver to Foster Interests for STEM and Educational Robotics. Rev. Iberoam. De Tecnol. Del Aprendiz. 2019, 14, 117–126.
[CrossRef]

http://doi.org/10.54988/cv.2022.1.965
http://doi.org/10.14201/eks.25176
http://doi.org/10.1109/RITA.2021.3137632
http://doi.org/10.14201/eks.24409
http://doi.org/10.1109/RITA.2021.3122971
http://doi.org/10.14201/eks.23904
http://doi.org/10.12795/pixelbit.91903
http://doi.org/10.14201/eks.23680
http://doi.org/10.54988/cv.2022.1.978
http://doi.org/10.12795/pixelbit.90394
http://doi.org/10.54988/cv.2022.1.970
http://doi.org/10.1109/RITA.2021.3137372
http://doi.org/10.7821/naer.2022.1.729
http://doi.org/10.46661/ijeri.5940
http://doi.org/10.1109/RITA.2021.3052686
http://doi.org/10.54988/cv.2022.1.1030
http://doi.org/10.54988/cv.2022.1.1006
http://doi.org/10.1109/RITA.2021.3135194
http://doi.org/10.1109/RITA.2021.3122887
http://doi.org/10.1109/RITA.2021.3125902
http://doi.org/10.1109/RITA.2021.3125899
http://doi.org/10.1109/RITA.2021.3089919
http://doi.org/10.1109/RITA.2019.2950130


Sustainability 2022, 14, 8112 14 of 16

50. Ortiz Cortés, M.; Pacheco Cortés, A.M. Student perceptions about globalization: Virtual learning forum. [Percepciones estudi-
antiles sobre globalización: Foro virtual de aprendizaje]. Int. J. Inf. Syst. Softw. Eng. Big Co. 2020, 7, 19–32.

51. Montes Ponce, D.; Pereida Alfaro, M.A. The perception of tutoring as a support in students of the Virtual University System, of
the University of Guadalajara [La percepción de la tutoría como acompañamiento en estudiantes del Sistema de Universidad
Virtual, de la Universidad de Guadalajara]. Int. J. Inf. Syst. Softw. Eng. Big Co. 2020, 7, 37–50.

52. Alatorre Rojo, E.P.; Calleros Alatorre, D.P. Classroom and zoom in a forced change of use of technologies in education [Classroom
y zoom en un cambio obligado de uso de tecnologias en educación]. Int. J. Inf. Syst. Softw. Eng. Big Co. 2020, 7, 7–18.

53. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J.; Luque-de la Rosa, A. Motivational Factors in the Use of Videoconferences
to Carry out Tutorials in Spanish Universities in the Post-Pandemic Period. Int. J. Environ. Res. Public Health 2021, 18, 10474.
[CrossRef]

54. Vargas, I. 200 Euros for an Engineering Exam: Fraud in the Online Evaluations of the UGR [200 Euros por un Examen de
Ingeniería: El Fraude en las Evaluaciones Online de la UGR]. Available online: https://www.granadahoy.com/granada/examen-
fraude-evaluaciones-online-UGR_0_1472253316.html (accessed on 15 January 2022).

55. Garnelo, J. Groups Planned by USC Medicine Students Activated a System to Cheat in Online Exams [Grupos Planea-
dos por Alumnos de Medicina de la USC Activaron un Sistema para Copiar en los Exámenes ‘Online’]. Available on-
line: https://www.elcorreogallego.es/primer-plano/grupos-planeados-por-alumnos-de-medicina-de-la-usc-activaron-un-
sistema-para-copiar-en-los-examenes-online-EY4562622 (accessed on 15 January 2022).

56. Behrend, T.S. Online recruiting and selection: Innovations in talent acquisition. Pers. Psychol. 2010, 63, 804–806.
57. Dew, J. Global, mobile, virtual, and social: The college campus of tomorrow. Futurist 2010, 44, 46–50.
58. EdX. Online Proctoring Pioneer Joins Open edX Platform to Ensure Integrity of Online Testing; PR Newswire: New York, NY, USA,

2017.
59. Indiana University. Indiana University Selects Proctoring Platform to Ensure Integrity of Online Assessments; PR Newswire: New York,

NY, USA, 2017.
60. Arbués, E. El desarrollo de competencias en el alumnado universitario. Nuevos retos metodológicos. Certiuni J. 2016, 2, 10–18.
61. Beust, P.; Duchatelle, I.; Cauchard, V. Exams taken at the student’s home. In Proceedings of the Online, Open and Flexible Higher

Education Conference, EADTU 2018, Aarhus, Denmark, 10–12 October 2018; HAL Science Ouverte: Aarhus, Denmark, 2018; pp.
1–6.

62. International Accrediting Body. International Accrediting Body for First Time, Approves Online Proctoring of Critical Examinations; PR
Newswire: New York, NY, USA, 2017.

63. Blimpo, M.P. Team Incentives for Education in Developing Countries: A Randomized Field Experiment in Benin. Am. Econ. J.
Appl. Econ. 2014, 6, 90–109. [CrossRef]

64. Mujtaba, B.G.; Afza, T. Virtual Leaps in Distance Education: A Conversation with Dr. Naveed A. Malik, Founding Rector of the
Virtual University of Pakistan. J. Appl. Manag. Entrep. 2013, 18, 113–122. [CrossRef]

65. Wagner, E.; Enders, J.; Pirie, M.; Thomas, D. Supporting academic integrity in a fully-online degree completion program through
the use of synchronous video conferences. J. Inf. Syst. Educ. 2016, 27, 159–173.

66. Hilgers, M.G.; Flachsbart, B.B.; Elrod, C.C. Collaborative international education: Reaching across borders. Multicult. Educ.
Technol. J. 2012, 6, 45–56. [CrossRef]

67. ProctorU. ProctorU Celebrates Delivering 4 Million Online Proctored Exams; PR Newswire: New York, NY, USA, 2017.
68. Sonnenwald, D.; Maglaughlin, K.; Whitton, M. Using innovation diffusion theory to guide collaboration technology evaluation:

Work in progress. In Proceedings of the Tenth IEEE International Workshop on Enabling Technologies: Infrastructure for
Collaborative Enterprises. WET ICE 2001, Cambridge, MA, USA, 20–22 June 2001. [CrossRef]

69. Berman, S.J.; Kesterson-Townes, L.; Marshall, A.; Srivathsa, R. How cloud computing enables process and business model
innovation. Strat. Leadersh. 2012, 40, 27–35. [CrossRef]

70. Rogers, E. Diffusion of Innovations; Simon & Schuster: Delran, NJ, USA, 2003.
71. Ekong, U.O.; Ifinedo, P.; Ayo, C.K.; Ifinedo, A. E-commerce Adoption in Nigerian Businesses: An Analysis Using the Technology-

Organization-Environmental Framework. In Leveraging Developing Economies with the Use of Information Technology: Trends and
Tools; IGI Global: Hershey, PA, USA, 2012; pp. 156–178. [CrossRef]

72. Premkumar, G.; Ramamurthy, K.; Crum, M. Determinants of EDI adoption in the transportation industry. Eur. J. Inf. Syst. 1997, 6,
107–121. [CrossRef]

73. Cerdán, Á.L.M. Analysis of the adoption of collaborative technologies in SMEs. [Análisis de la adopción de tecnologías
colaborativas en Pymes]. Revista Economía Empresa 2006, 24, 51–66. [CrossRef]

74. Tu, M. An exploratory study of Internet of Things (IoT) adoption intention in logistics and supply chain management. Int. J.
Logist. Manag. 2018, 29, 131–151. [CrossRef]

75. Al-Shura, M.S.; Zabadi, A.M.; Abughazaleh, M.; Alhadi, M.A. Critical Success Factors for Adopting Cloud Computing in the
Pharmaceutical Manufacturing Companies. Manag. Econ. Rev. 2018, 123–137. [CrossRef]

76. Lin, A.; Chen, N.-C. Cloud computing as an innovation: Percepetion, attitude, and adoption. Int. J. Inf. Manag. 2012, 32, 533–540.
[CrossRef]

77. Feuerlicht, G.; Govardhan, S. Impact of cloud computing: Beyond a technology trend. Syst. Integr. 2010, 262–269.

http://doi.org/10.3390/ijerph181910474
https://www.granadahoy.com/granada/examen-fraude-evaluaciones-online-UGR_0_1472253316.html
https://www.granadahoy.com/granada/examen-fraude-evaluaciones-online-UGR_0_1472253316.html
https://www.elcorreogallego.es/primer-plano/grupos-planeados-por-alumnos-de-medicina-de-la-usc-activaron-un-sistema-para-copiar-en-los-examenes-online-EY4562622
https://www.elcorreogallego.es/primer-plano/grupos-planeados-por-alumnos-de-medicina-de-la-usc-activaron-un-sistema-para-copiar-en-los-examenes-online-EY4562622
http://doi.org/10.1257/app.6.4.90
http://doi.org/10.9774/GLEAF.3709.2013.ju.00008
http://doi.org/10.1108/17504971211216319
http://doi.org/10.1109/enabl.2001.953399
http://doi.org/10.1108/10878571211242920
http://doi.org/10.4018/978-1-4666-1637-0.ch009
http://doi.org/10.1057/palgrave.ejis.3000260
http://doi.org/10.4018/978-1-61520-676-6.ch012
http://doi.org/10.1108/IJLM-11-2016-0274
http://doi.org/10.24818/mer/2018.12-01
http://doi.org/10.1016/j.ijinfomgt.2012.04.001


Sustainability 2022, 14, 8112 15 of 16

78. Lippert, S.K.; Govindarajulu, C. Technological, organizational, and environmental antecedents to web services adoption. Commun.
IIMA 2006, 6, 14.

79. Iacovou, C.L.; Benbasat, I.; Dexter, A.S. Electronic Data Interchange and Small Organizations: Adoption and Impact of Technology.
MIS Q. 1995, 19, 465–485. [CrossRef]

80. Mehrtens, J.; Cragg, P.B.; Mills, A.M. A model of Internet adoption by SMEs. Inf. Manag. 2001, 39, 165–176. [CrossRef]
81. To, M.L.; Ngai, E. Predicting the organisational adoption of B2C e-commerce: An empirical study. Ind. Manag. Data Syst. 2006,

106, 1133–1147. [CrossRef]
82. Laforet, S. A framework of organisational innovation and outcomes in SMEs. Int. J. Entrep. Behav. Res. 2011, 17, 380–408.

[CrossRef]
83. Gutierrez, A.; Boukrami, E.; Lumsden, R. Technological, organisational and environmental factors influencing managers’ decision

to adopt cloud computing in the UK. J. Enterp. Inf. Manag. 2015, 28, 788–807. [CrossRef]
84. Kula, V.; Tatoglu, E. An exploratory study of Internet adoption by SMEs in an emerging market economy. Eur. Bus. Rev. 2003, 15,

324–333. [CrossRef]
85. Premkumar, G.; Roberts, M. Adoption of new information technologies in rural small businesses. Omega 1999, 27, 467–484.

[CrossRef]
86. Weber, R.H. Internet of Things—New security and privacy challenges. Comput. Law Secur. Rev. 2010, 26, 23–30. [CrossRef]
87. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J. Fuzzy Cognitive Maps and their application in social science research: A

study of their main problems. [Los mapas cogni-tivos difusos y su aplicación en la investigación de las ciencias sociales: Estudio
de sus principales problemáticas]. Educ. Knowl. Soc. (EKS) 2021, 22, e26380. [CrossRef]

88. Maridueña, M.R.; Leyva, M.; Febles, A. Modeling and analysis of science and technology indicators using fuzzy cognitive maps
[Modelado y análisis de indicadores de ciencia y tecnología mediante mapas cognitivos difusos]. Ciencias Información 2016, 47,
17–24.

89. Papageorgiou, E.I.; Markinos, A.; Gemptos, T. Application of fuzzy cognitive maps for cotton yield management in precision
farming. Expert Syst. Appl. 2009, 36, 12399–12413. [CrossRef]

90. Papageorgiou, E.I.; Salmeron, J.L. A Review of Fuzzy Cognitive Maps Research During the Last Decade. IEEE Trans. Fuzzy Syst.
2013, 21, 66–79. [CrossRef]

91. Curia, L.; Lavalle, A. Decision strategies in dynamic systems–applying fuzzy cognitive maps application to a socio-economic
example [Estrategias de decisión en sistemas dinámicos–aplicando mapas cognitivos difusos aplicación a un ejemplo socio-
económico]. J. Inf. Syst. Technol. Manag. 2011, 8, 663–680. [CrossRef]

92. Codara, L. Le Mappe Cognitive; Carocci Editore: Rome, Italy, 1998.
93. Solana Gutierrez, J.; Rincón Sanz, G.; Alonso González, C.; Garcia De Jalon Lastra, D. Use of Maps of Diffuse Knowledge (FCMs)

in the prioritization of river restoration: Application to the Esla River. [Utilización de Mapas de Conocimiento Difuso (MCD) en
la asignación de prioridades de la restauración fluvial: Aplicación al río Esla]. Cuad. Soc. Española Cienc. For. 2015, 41, 367–380.

94. Mouratiadou, I.; Moran, D. Mapping public participation in the Water Framework Directive: A case study of the Pinios River
Basin, Greece. Ecol. Econ. 2007, 62, 66–76. [CrossRef]

95. Banini, G.; Bearman, R. Application of fuzzy cognitive maps to factors affecting slurry rheology. Int. J. Miner. Process. 1998, 52,
233–244. [CrossRef]

96. Bachhofer, M.; Wildenberg, M. FCMappers. Available online: http://www.fcmappers.net (accessed on 11 January 2022).
97. Özesmi, U.; Özesmi, S. A Participatory Approach to Ecosystem Conservation: Fuzzy Cognitive Maps and Stakeholder Group

Analysis in Uluabat Lake, Turkey. Environ. Manag. 2003, 31, 518–531. [CrossRef]
98. Özesmi, U.; Özesmi, S.L. Ecological models based on people’s knowledge: A multi-step fuzzy cognitive mapping approach. Ecol.

Model. 2004, 176, 43–64. [CrossRef]
99. Carley, K.M.; Palmquist, M. Extracting, Representing, and Analyzing Mental Models. Soc. Forces 1992, 70, 601–636. [CrossRef]
100. Infante-Moro, A.; Infante-Moro, J.C.; Gallardo-Pérez, J.; Martínez-López, F.J. Key Criteria in the Choice of IoT Platforms in Spanish

Companies. Appl. Sci. 2021, 11, 10456. [CrossRef]
101. Infante-Moro, A.; Infante-Moro, J.; Gallardo-Pérez, J. Key Factors in the Implementation of the Internet of Things in the Hotel

Sector. Appl. Sci. 2021, 11, 2924. [CrossRef]
102. Amat Abreu, M.; Ortega Tenezaca, D.B.; Yaguar Mariño, J.J. Determination of the degree of influence of the climatic factors of

vulnerability of the agricultural sector with neutrosophic techniques. [Determinación del grado de influencia de los factores
climáticos de vulnerabilidad del sector agropecuario con técnicas neutrosóficas]. Investig. Oper. 2020, 41, 699–705.

103. Navarro, P. How Economics Faculty Can Survive (and Perhaps Thrive) in a Brave New Online World. J. Econ. Perspect. 2015, 29,
155–176. [CrossRef]

104. Collins, D.; Weber, J.; Zambrano, R. Teaching Business Ethics Online: Perspectives on Course Design, Delivery, Student
Engagement, and Assessment. J. Bus. Ethic 2014, 125, 513–529. [CrossRef]

105. Jarvis, R.M. The law school admiralty exam. J. Marit. Law Commer. 2014, 45, 97–117.
106. Al-Yakoob, S.M.; Sherali, H.D.; Al-Jazzaf, M. A mixed-integer mathematical modeling approach to exam timetabling. Comput.

Manag. Sci. 2010, 7, 19–46. [CrossRef]
107. Fiano, K.; Medina, M.S.; Whalen, K. The Need for New Guidelines and Training for Remote/Online Testing and Proctoring Due

to COVID-19. Am. J. Pharm. Educ. 2021, 85, 8545. [CrossRef]

http://doi.org/10.2307/249629
http://doi.org/10.1016/S0378-7206(01)00086-6
http://doi.org/10.1108/02635570610710791
http://doi.org/10.1108/13552551111139638
http://doi.org/10.1108/JEIM-01-2015-0001
http://doi.org/10.1108/09555340310493045
http://doi.org/10.1016/S0305-0483(98)00071-1
http://doi.org/10.1016/j.clsr.2009.11.008
http://doi.org/10.14201/eks.26380
http://doi.org/10.1016/j.eswa.2009.04.046
http://doi.org/10.1109/TFUZZ.2012.2201727
http://doi.org/10.1590/S1807-17752011000300008
http://doi.org/10.1016/j.ecolecon.2007.01.009
http://doi.org/10.1016/S0301-7516(97)00071-9
http://www.fcmappers.net
http://doi.org/10.1007/s00267-002-2841-1
http://doi.org/10.1016/j.ecolmodel.2003.10.027
http://doi.org/10.2307/2579746
http://doi.org/10.3390/app112110456
http://doi.org/10.3390/app11072924
http://doi.org/10.1257/jep.29.4.155
http://doi.org/10.1007/s10551-013-1932-7
http://doi.org/10.1007/s10287-007-0066-8
http://doi.org/10.5688/ajpe8545


Sustainability 2022, 14, 8112 16 of 16

108. Diehl, W. Opportunities and Change Amidst Debate, Confusion, and Challenges in Education. Am. J. Distance Educ. 2020, 34, 259.
[CrossRef]

109. Kim, S.; Walker, M. Assessing Mode Effects of At-Home Testing Without a Randomized Trial. ETS Res. Rep. Ser. 2021, 2021, 1–21.
[CrossRef]

110. Howlett, B.; Hewett, B. Securing and Proctoring Online Tests. In Online Assessment and Measurement: Foundations and Challenges;
Howell, S.L., Hricko, M., Eds.; IGI Global: Hershey, PA, USA, 2005; pp. 300–329. [CrossRef]

111. Sutton, H. Minimize online cheating through proctoring, consequences. Recruit. Retaining Adult Learn. 2019, 21, 1–5. [CrossRef]
112. Bandyopadhyay, K.; Barnes, C.; Bandyopadhyay, S. An investigation of the factors that influence the use of proctoring in online

courses. In Proceedings of the Association of Collegiate Marketing Educators, Houston, TX, USA, 12–13 March 2015; pp. 49–50.
113. Atoum, Y.; Chen, L.; Liu, A.X.; Hsu, S.D.H.; Liu, X. Automated Online Exam Proctoring. IEEE Trans. Multimed. 2017, 19, 1609–1624.

[CrossRef]
114. Davis, A.B.; Rand, R.; Seay, R. Remote Proctoring: The Effect of Proctoring on Grades. In Advances in Accounting Education:

Teaching and Curriculum Innovations; Rupert, T.J., Kern, B.B., Eds.; Emerald Group Publishing: Bingley, UK, 2016; pp. 23–50.
[CrossRef]

115. Oreilly, G.; Creagh, J. A categorization of online proctoring. In Proceedings of the Global Learn, Limerick, Ireland, 28–29 April
2016; Association for the Advancement of Computing in Education (AACE): Limerick, Ireland, 2016; pp. 542–552.

116. Kayser, M.N. Online Proctoring Success Factors & Best Practices; Minnesota eLearning Summit: Saint Paul, MN, USA, 2016.
117. Parra, A.G. UGR Students Ask for the Fees to Be Returned and the Evaluation to Be Adapted [Estudiantes de la UGR Piden

que se Devuelvan las Tasas y se Adapte la Evaluación]. Available online: https://www.ideal.es/granada/estudiantes-piden-
devuelvan-20200414170028-nt.html (accessed on 15 January 2022).

118. Minocha, S.; Murphy, V.; Scanlon, E. Designing Ethical Assessment. In Proceedings of the CALRG Annual Conference 2021,
Milton Keynes, UK, 15–16 June 2021; The Open University: Milton Keynes, UK, 2021; pp. 1–8.

119. Parnther, C.; Eaton, S.E. Academic Integrity and Anti-Black Aspects of Educational Surveillance and e-Proctoring. Teach. Coll. Rec.
2021, pp. 1–2. Available online: https://journals.sagepub.com/pb-assets/cmscontent/TCZ/Commentaries%20Collection/2021
%20Commentaries/Academic%20Integrity%20and%20Anti-Black%20Aspects%20of%20Educational%20Surveillance%20and%
20E-Proctoring-1650325575.pdf (accessed on 18 January 2022).

120. Kolski, T. Virtual Proctoring and Academic Integrity. In Learning in the Digital Age; Asino, T.I., Ed.; Oklahoma State University
Libraries: Stillwater, OK, USA, 2020; pp. 73–90.

121. van Steenbergen, M.; van der Spoel, I. Online Proctoring: Adding Human Values to the Equation. In Proceedings of the 34th Bled
eConference Digital Support from Crisis to Progressive Change, Maribor, Slovenia, UK, 27–30 June 2021; University of Maribor
Press: Maribor, Slovenia, 2021; pp. 283–294.

122. Kharbat, F.F.; Abu Daabes, A.S. E-proctored exams during the COVID-19 pandemic: A close understanding. Educ. Inf. Technol.
2021, 26, 6589–6605. [CrossRef]

123. Conijn, R.; Kleingeld, A.; Matzat, U.; Snijders, C. The fear of big brother: The potential negative side-effects of proctored exams. J.
Comput. Assist. Learn. 2022. [CrossRef]

124. Balderas, A.; Caballero-Hernández, J.A. Analysis of Learning Records to Detect Student Cheating on Online Exams: Case Study
during COVID-19 Pandemic. In Proceedings of the TEEM’20: Eighth International Conference on Technological Ecosystems for
Enhancing Multiculturality, Salamanca, Spain, 21–23 October 2020; ACM International Conference Proceeding Series: New York,
NY, USA, 2020; pp. 752–757. [CrossRef]

125. Silverman, S.; Caines, A.; Casey, C.; de Hurtado, B.G.; Riviere, J.; Sintjago, A.; Vecchiola, C. What Happens When You Close the
Door on Remote Proctoring? Moving Toward Authentic Assessments with a People-Centered Approach. Improv. Acad. 2021, 39,
115–131. [CrossRef]

126. Coghlan, S.; Miller, T.; Paterson, J. Good Proctor or “Big Brother”? Ethics of Online Exam Supervision Technologies. Philos.
Technol. 2021, 34, 1581–1606. [CrossRef]

127. Smowl. Privacy Policy [Política de Privacidad]. Available online: https://smowl.net/es/politica-de-privacidad/?cn-reloaded=1
(accessed on 15 January 2022).

128. Tecalis. What Is Proctoring: Online Exams and Evaluation with Guarantees [Qué es el Proctoring: Exámenes Online y Evalu-
ación con Garantías]. Available online: https://www.tecalis.com/es/blog/proctoring-examenes-online-evaluacion-supervisar
(accessed on 24 June 2022).

129. Lee, K.; Fanguy, M. Online exam proctoring technologies: Educational innovation or deterioration? Br. J. Educ. Technol. 2022, 53,
475–490. [CrossRef]

130. Bali, M.; Zamora, M. The equity-care matrix: Theory and practice. Ital. J. Educ. Technol. 2022, 1–25. [CrossRef]

http://doi.org/10.1080/08923647.2020.1853424
http://doi.org/10.1002/ets2.12323
http://doi.org/10.4018/978-1-59140-720-1.ch014
http://doi.org/10.1002/nsr.30434
http://doi.org/10.1109/TMM.2017.2656064
http://doi.org/10.1108/s1085-462220160000018002
https://www.ideal.es/granada/estudiantes-piden-devuelvan-20200414170028-nt.html
https://www.ideal.es/granada/estudiantes-piden-devuelvan-20200414170028-nt.html
https://journals.sagepub.com/pb-assets/cmscontent/TCZ/Commentaries%20Collection/2021%20Commentaries/Academic%20Integrity%20and%20Anti-Black%20Aspects%20of%20Educational%20Surveillance%20and%20E-Proctoring-1650325575.pdf
https://journals.sagepub.com/pb-assets/cmscontent/TCZ/Commentaries%20Collection/2021%20Commentaries/Academic%20Integrity%20and%20Anti-Black%20Aspects%20of%20Educational%20Surveillance%20and%20E-Proctoring-1650325575.pdf
https://journals.sagepub.com/pb-assets/cmscontent/TCZ/Commentaries%20Collection/2021%20Commentaries/Academic%20Integrity%20and%20Anti-Black%20Aspects%20of%20Educational%20Surveillance%20and%20E-Proctoring-1650325575.pdf
http://doi.org/10.1007/s10639-021-10458-7
http://doi.org/10.1111/jcal.12651
http://doi.org/10.1145/3434780.3436662
http://doi.org/10.3998/tia.17063888.0039.308
http://doi.org/10.1007/s13347-021-00476-1
https://smowl.net/es/politica-de-privacidad/?cn-reloaded=1
https://www.tecalis.com/es/blog/proctoring-examenes-online-evaluacion-supervisar
http://doi.org/10.1111/bjet.13182
http://doi.org/10.17471/2499-4324/1241

	Introduction 
	Literature Review 
	Methodology 
	Results 
	Discussion 
	Conclusions 
	References

