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Abstract: Most online teaching institutions still do not offer complete remote teaching, requiring the
physical presence of the student in the evaluation process (for supervisory reasons), which could
aggravate the evaluation and certification in massive open online teaching. Although, there are
already e-proctoring tools (electronic proctoring) that allow this process to be carried out remotely,
without requiring that physical presence. For this reason, and in order for this complete remote
teaching to be extended to institutions that do not yet believe in the success of its implementation,
this study, through a bibliographic study and a causal study carried out by experts in online teaching,
focuses on locating the determining motivational factors when accepting and implementing this
evaluation system as a method of remote supervision and tries to encourage its use through them.
The list obtained consists of the following motivational factors: Quality management, available
information, external conditioning, trust, perceived compatibility, perceived usefulness, attitude and
intention, and the most decisive factor in this whole process is trust (which would be the extent of
security and privacy that institutions have in the use of this tool).

Keywords: online teaching; remote teaching; e-proctoring; motivational factors; ICT; open
education; education

1. Introduction

The online education system, which increasingly demands full remote teaching, continues to find
its Achilles heel in the evaluation system. Nowadays, according the UNESCO Educational Disruption
and Response to COVID-19 crisis, most governments around the world are closing the educational
institutions and moving their activity to online and remote modality impacting over 89% of the world’s
student population. For example, in Spain, most universities have decided to move the exams in online
modality. Thus, e-proctoring tools are very pertinent and significant supporting this process.

The e-proctoring (electronic proctoring) is a system formed by electronic tools that allows the
monitoring of the remote evaluative process through telematic resources, trying to make the results
reliable [1].

Despite the fact that there are already electronic proctoring tools that seek to guarantee the quality
of the evaluation process without requiring the physical presence of the student in a specific place or
the union of the student and the examiner in that place, e-proctoring still continues without widespread
use in institutions.

Although a change in trend has been taking place with the appearance of massive online open
courses (MOOCs) [2,3], is in open education in general and in online education in particular where
e-proctoring is increasingly useful [4].
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For this reason, and in order for this complete remote teaching to be extended to institutions that
do not yet believe in the success of its implementation, this study focuses on locating the motivational
factors determining the implementation of this evaluation system and seeks to promote its use through
these. For this, a bibliographic study is carried out that allows a list of the most influential motivational
factors to be exposed when accepting the use of new technological tools (that is, when the educational
system accepts this tool as a method of remote supervision) and a causal map of the system is developed
with them, in which experts in online teaching quantify and analyze the most influential factors when
it comes to acceptance by educational institutions.

In data collection (for the construction of the causal map), the interview is used as an instrument,
a causal map is made for each of the interviewees, and a global causal map is subsequently made with
the average assessment of the experts, which allows its analysis through the FCMappers tool, which
indicates the most influential factors, the factors that receive the most influence from the rest, and the
most relevant factors within the system.

In the following section, electronic proctoring tools in educational institutions are contextualized
through a literary review highlighting the situation of supervision in remote teaching, e-proctoring in
the educational system is contextualized, and the most influential motivational factors in accepting
the use of new technological tools are detailed. We continue with the methodology used in this study
and the analysis of the results and conclude by pointing out the motivational factors determining the
implementation of e-proctoring in online teaching.

2. Literature Review

When training processes are carried out in remote places, the presence of students and teachers or
examiners who certify their knowledge becomes a problem.

In this context, trying to avoid this presence, most of the evolutions and changes have occurred in
the teaching–learning processes [5–14], leaving the evaluation system relegated to physical presence in
a specific place, for reasons of supervision. However, a point has been reached where the educational
system and society demand tools that seek to ensure the quality of the evaluation process without
necessarily requiring physical presence in a specific place.

This demand has led to the emergence of tools that allow monitoring this remote evaluation
system through telematic resources [1], achieving e-proctoring in online teaching.

The e-proctoring is being used regularly in MOOCs, where online courses tried to impose
themselves as substitute products for traditional teaching but found their main problem in the
supervision of their evaluative tests for the subsequent certification of the knowledge achieved. As of
today (since 2017), platforms such as edX (one of the main platforms in MOOCs) already use this
methodology [15].

This proctoring method allows:
Visual and auditory surveillance, using the audio and cameras of the examinee’s computer or

mobile phone, as well as monitoring the computer, if the test is computerized (since it allows the
option of taking computerized or paper-based exams). There are already many computer tools that
allow viewing the computer screen where the student takes the test and, in addition, there are special
browsers for e-proctoring that prevent the student from leaving the exam screen and only taking the
test without consulting any other application or program on that computer. Systems such as Remote
Proctor NOW (RPNOW), eProctoring, SMOWL or ProctorExams, use their own systems to ensure
control of the computer on which the student performs the test.

This implies that the online educational system is greatly favored by its appearance, by allowing
its evaluation process to be carried out remotely and the physical presence of the student in a specific
place not being required.

However, its advantages are not included in this alone, since the use of this tool also allows the
adaptability of the exams to define the level of the student on a scale, such as that of the European
Framework of Reference for Languages or in Adaptive Tests [16].
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This tool has more and more applications, in fields as diverse as in online personnel recruitment,
where it is used more and more frequent [17], and in virtual campuses, where it is growing
exponentially [18].

Likewise, its use is growing greatly in geographically dispersed territories and in emerging
countries (offering opportunities for complete remote training) [19,20], in new forms of teaching
augmented reality in engineering studies [21], in asynchronous environments within the
teaching–learning processes [22,23], in new forms of education such as MOOCs or microdegrees
(providing credibility in the identification when evaluating and certifying knowledge) [15], and in the
evaluation and certification of competencies to practice professions (as is done at the International
Accrediting Body [24] and at Indiana University [25,26]).

E-proctoring is going to end up prevailing in online teaching, but it is true that there are problems
when the exams are not well prepared to be carried out under this modality or when vigilantes or
examiners do not know how to act when problems arise regarding the reaction of the student or
problems in telematic communication. This has led to the development of mathematical models and
algorithms to improve the behavior of those who design the exams when taking them and of those
who monitor these exams [27–30], in the interest of improving the e-proctoring system.

Despite the aforementioned information and that ProctorU (one of the most common Proctoring
systems currently) announced in 2017 that it had already carried out more than 4 million exams by this
procedure [31], many of the online teaching institutions do not implement this tool in their evaluation
system. Thus, this study seeks to find what are the motivational factors responsible for this.

To do this, a bibliographic study is first carried out to create a list of the most influential motivational
factors when accepting the use of new technological tools, searching scientific databases and reviewing
those scientific articles that related variables and motivational factors with the use of technological
tools (such as the article by Sánchez-Prieto, Huang, Olmos-Migueláñez, García-Peñalvo and Teo [32]),
and finally collecting the distribution that the author R. Arteaga [33] makes in her study after an
extensive literary review by experts in this field (Table 1). This list is made up of the following factors:
Quality management (QM), available information (AI), external conditioning (EC), trust (T), perceived
compatibility (PC), perceived usefulness (PU), attitude (A), and intention (I).

Table 1. Most influential motivational factors when accepting the use of new technological tools.

Quality Management (QM)

This factor would be the extent of satisfaction when using a new technological tool, but only in
terms of whether quality is perceived in its use [34] and whether it provides demonstrable and
tangible results [35–37]

Available Information (AI)

This factor would be the tendency to adopt and use a new technological tool with the available
information [38].

External Conditioning (EC)

This factor would be the influence that potential users receive from the environment to use a new
technological tool. This influence can be positive or negative, and some examples of these external
conditioning factors can be seen in the comments or suggestions of important people for the user
and in the help that is found to learn how this new tool works [39–41].

Trust (T)

This factor would be the extent of security and privacy that users of a new technological tool
expect to have when using it [42–44].

Perceived Compatibility (PC)

This factor would be the extent of perception of compatibility of a technological product by the
user, based on their values and personality [36,45]. Studies such as Tan and Teo’s [46] confirm that
perceived compatibility influences users when adopting and motivating the use of technological
products.
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Table 1. Cont.

Perceived Usefulness (PU)

This factor would be the perception that the use of a technological product would increase the
performance of its user [47]. Studies such as that of Chiu, Lin, and Tang [48] or that of Nysveen,
Pedersen, and Thornbjørnsen [49] confirm that perceived utility influences users when adopting
and motivating the use of technological products. All of this depending on whether this use
helps to achieve the expected task and whether its use provides advantages over the traditional
method [50,51].

Attitude (A)

This factor would be the perception of a user about whether a new technological tool favors the
behavior it performs or not [52]. Studies such as that of Ajzen and Fishbein [53] confirm that the
attitude influences the behavior of users when adopting and motivating the use of any product.

Intention (I)

This factor would be the motivational elements that make a user use a new technological tool or
not [48]. Studies such as that of Taylor and Todd [54] or that of Ajzen [52] confirm that intention
influences the behavior of users when adopting and motivating the use of any product.

This distribution is the axis of distribution of the results of the study carried out to the experts in
online teaching below, which tries to locate the motivational factors determining the implementation
of e-proctoring in online teaching.

3. Methodology

The model used in this study was the fuzzy cognitive maps (FCMs), a method that facilitates the
visualization of a network of concepts and systemic factors linked by cause–effect relations of semantic
nature [55,56].

The fuzzy cognitive maps (FCMs) methodology is one of the most relevant in the study of
knowledge and, probably, one of the most used in recent times by researchers in their studies and
projects [57]. They are a tool that can be used in different situations or problems to identify, define, and
validate the constructs or elements of a system and identify the cause–effect relationships that exist
between them, in order to propose strategies and help in decision-making [58]. In addition, they are
able to anticipate possible new changes due to changes in the behavior of some of these constructs.

Thus, in the scientific field, it is used for the following applications: Descriptive (to describe a
system, with the elements or agents involved in that system), explanatory (to explain the behavior of
the elements or agents involved in a system), reflective (to make decisions, as an instrument to support
decision-making), and/or predictive (to predict the actions of the elements or agents involved in a
system) [59].

Thus, the use of this model in this study allows confirming or ruling out the influence of
motivational factors that are obtained after the literary review by previous studies on the factors that
influence when the educational system accepts this tool as a method of remote online supervision.
In addition, it allows determining whether there is an influence between each of the factors that belong
to said system and knowing the degrees of all these influences.

Once the factors that make up this system have been found and selected (exposed in the literary
review), we proceeded to obtain the data and information on the extent of influences between
them. For this, the experts in online teaching (people know the most influential motivational factors
determining whether the educational system accepts this tool as a method of remote supervision) were
selected as the “Population” object of study, and the sample size was fixed by the use of cumulative
graphs of the number of new influencing factors with respect to the number of individuals belonging
to the sampled interest group, as suggested by U. Özesmy and S. L. Özesmy [60] for this type of study
based on fuzzy cognitive maps (FCMs). In this case, the sample was made up of 8 experts (since none
added new influencing factors) (Figure 1). These experts in online teaching are international university
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professors with training in information and communication technologies (ICTs) and knowledge of
how to apply technologies in a useful and effective way for the student, who teach or have taught in
virtual and face-to-face universities (for which they know the strengths and weaknesses of these two
types of institutions), hold a doctor’s degree, and among their lines of research are the information and
communication technologies in teaching, in online teaching, and in educational institutions. Another
requirement that was taken into account when selecting these experts is that they be professionals with
knowledge about what new learning methods and techniques are being implemented and what effects
they may have on students.

 

Figure 1. Sample size selection process.

The instrument used to obtain this data and information from the users who make up the sample
was the interview, although it is desirable in this method that each of the people who make up the
sample to be analyzed draw a picture of the conceptual network of the system to be studied. Even
so, this model is also allowed to obtain this information through questionnaires or interviews [60].
The interview facilitates obtaining the necessary information and ensures much information is not
omitted due to the time and effort in drawing the graph of the conceptual network by the people who
constitute the sample.

This interview was carried out in order to know the opinion of the interviewees on the motivational
factors that influence when the educational system accepts and implements e-proctoring as a method
of remote supervision in online teaching and on the degree of influences that these motivational factors
exert on each other.

At the beginning of each interview, and as was done in the study of J. Solana [61] in which the
fuzzy cognitive maps (FCMs) were used as technical study, each respondent received a template with
the factors of this system, which served as a guide for the interviewees (Table 2). In this way, it was
intended to get the interviewees to take this list of motivational factors and give the causal connections
that exist between them. In addition, they provided, if they saw fit, new motivational factors.

Table 2. Motivational factors: concepts components of this fuzzy cognitive map (FCM).

Variable Definition Keywords

QUALITY MANAGEMENT
The extent of satisfaction when using a new technological tool,
but only in terms of whether quality is perceived in its use and

whether it provides demonstrable and tangible results.
Quality

AVAILABLE INFORMATION
The tendency to adopt and use a new technological tool with

the available information.
Available information

on its use

EXTERNAL CONDITIONING
The influence that potential users receive from the

environment to use a new technological tool.
External influences

TRUST
The degree of security and privacy that users of a new

technological tool expect to have when using it.
Trust
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Table 2. Cont.

Variable Definition Keywords

PERCEIVED COMPATIBILITY
The extent of perception of compatibility of a technological
product by the user, based on their values and personality.

Compatibility with
your activity

PERCEIVED USEFULNESS
The perception that the use of a technological product would

increase the performance of its user.
Usefulness

ATTITUDE
The perception of a user about whether a new technological

tool favors the behavior it performs or not.
Attitude

INTENTION
The existence of motivational elements that make a user use a

new technological tool or not.
Intention

However, this was not the only table given to the interviewees at the beginning of each of
the interviews, since it was not only necessary for this study to know whether or not these causal
relationships exist, but also to know the extent of them. For this reason, they also received a semantic
evaluation table, the semantic graduation of the connections of which were set according to the extent
of causal influence that each of the interviewees thinks that one variable may have on another, and
whether that influence is positive or negative [62] (Table 3).

Table 3. Semantic assessment table: interpretation of cause–effect relationships.

Value Semantic Relation

1 Very strong positive
0.9
0.8 Strong positive
0.7
0.6 Medium positive
0.5
0.4 Weak positive
0.3
0.2 Very weak positive
0.1
0 There is no relationship
−0.1
−0.2 Very weak negative
−0.3
−0.4 Weak negative
−0.5
−0.6 Medium negative
−0.7
−0.8 Strong negative
−0.9
−1 Very strong negative

After obtaining the data from the interviews, on the existence or not of causal relationships
between the proposed concepts, an adjacency matrix was constructed per interviewee that simulated
the cause–effect unions between the concepts, formed by values of the interval [−1,1] [63]. Subsequently,
all these adjacent matrices or fuzzy cognitive maps (FCMs) were combined into a single matrix or
collective map, in which the individual matrices were assigned to each concept. Through this, the
extent of influence of these variables was obtained in the implementation of e-proctoring as a method of
remote supervision in online teaching, the system variables were classified according to their influence
on the other variables, and the indicators were obtained in terms of outdegree, indegree, and centrality,
thanks to the FCMappers software [64].

4. Results

The modeling of the collective cognitive matrix or collective map based on the influences between
the various motivational factors was obtained from eight matrices corresponding to eight experts
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who were interviewed. This matrix was formed by eight motivational factors and, in turn, 54 causal
connections as can be seen in the following table (Table 4).

Table 4. Adjacent matrix of the collective fuzzy cognitive map (FCM).
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Quality Management (QM) 0.70 0.70 0.90 0.70 0.30 0.90 0.90
Available Information (AI) 0.30 0.50 0.90 0.64 0.80 0.82 0.90
External Conditioning (EC) 0 0.70 0.90 0.35 0.40 0.63 0.58
Trust (T) 0.20 0.60 0.80 0.41 0.41 0.90 0.90
Perceived Compatibility (PC) 0.60 0 0.60 0.80 0.80 0.90 0.90
Perceived Usefulness (PU) 0.30 0.80 0.70 0.90 0.70 0.90 0.90
Attitude (A) 0.40 0.70 0.70 0.80 0.60 0.60 0.72
Intention (I) 0.25 0.70 0.70 0.80 0.50 0.34 0.64

In this fuzzy cognitive map (FCM), the extent of influence between these factors make these
variables or factors of an ordinary type; that is, each of these factors exerts and receives influences from
the other factors.

The analysis of this matrix with the FCMappers software allows analyzing the structure of this
fuzzy cognitive map (FCM) through three indicators [65]:

The “outdegree” indicator, which is the sum of the values of the adjacent matrix associated with
the connectors that come out of a node or variable. A transmitting variable has a high outdegree.

The “indegree” indicator, which is the sum of the values of the adjacent matrix associated with
the connections that enter a node, which shows the extent of dependency of the variable. A receiving
variable has a high indegree.

The “centrality” indicator, which is the sum of the outdegree and indegree indicators, and indicates
the extent of participation or importance of the variable in the system.

Thus, the most important variables of this cognitive map are those that have high centrality values,
since they regulate the dynamics of the system [60] (Figure 2).



Sustainability 2020, 12, 3488 8 of 13

 

Figure 2. Indicators of the fuzzy cognitive map (FCM): Centrality.

The difference between the outdegree and the indegree of a variable indicates the type of variable
that is observed: The variables that have high outdegree values strongly influence the rest of the
concepts (perceived usefulness, quality management, and available information), and the variables
with high indegree values are strongly influenced and dependent on the rest of the concepts (trust,
intention, and attitude) (Figures 3 and 4).

 
Figure 3. Indicators of the fuzzy cognitive map (FCM): Outdegree.
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Figure 4. Indicators of the fuzzy cognitive map (FCM): Indegree.

With all this, the variables or factors with greater centrality, outdegree, and indegree are shown in
the following table (Table 5).

Table 5. Variables with higher centrality, outdegree and indegree indicators.

Centrality Outdegree Indegree

Trust (T) Perceived Usefulness (PU) Trust (T)

Attitude (A) Quality Management (QM) Intention (I)

Intention (I) Available Information (AI) Attitude (A)

The variable with the greatest centrality was trust (T), which was the sixth most influential in the
rest of the variables (outdegree = 4.22) and the most dependent on the other variables (indegree = 6.00).
The variable with the least centrality was quality management (QM), which was the one with the
second highest extent of outdegree and the one with the lowest extent of indegree. The main variables
ordered according to the centrality indicator are shown in Figure 2.

The variables that exerted the most influence on the other variables were: Perceived usefulness
(PU), quality management (QM), and available information (AI). The most dependent variables were:
Trust (T), intention (I) and attitude (A). The main variables ordered according to the outdegree and
indegree indicators are shown in Figures 3 and 4.

With that, in general lines, it can be said that a system was observed in which the factors that
exert the most influence on the rest of the factors were those that came from the users’ own vision
(perceived usefulness and quality management), while the factor that received more influence from the
rest was trust. Also, a system in which intention and attitude were obviously dependent on the other
factors (two of the three most dependent) was observed, since they were the closest step to its use.
Lastly, we observed a system in which trust, despite being one of the least influences on the rest, was
the most important factor in the system (due to the influences it receives from the rest of the factors)
when the educational system accepts and implement e-proctoring as a method of remote supervision
in online teaching.
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5. Conclusions

Online teaching still does not offer complete remote teaching in most cases, since there are many
institutions that, in the evaluation process, continue to require the physical presence of the student in a
specific place to unite the student and the examiner in said place, for supervisory reasons. However,
there are already e-proctoring tools that allow this process to be carried out remotely, without requiring
that physical presence. Additionally, there is a favorable trend in the application of this methodology
in MOOCs and in open education globally.

Thus, this study has sought to locate the motivational factors determining the implementation
of this evaluation system, allowing the exposition of a list of motivational influencing factors when
accepting the use of new technological tools (that is, when the educational system accepts this tool as
a method of remote supervision), and determine which are the most influential or decisive when it
comes to acceptance by educational institutions.

The list is made up of the following motivational factors: Quality management (QM), available
information (AI), external conditioning (EC), trust (T), perceived compatibility (PC), perceived
usefulness (PU), attitude (A) and intention (I). The most decisive factor in this process is trust (T), which
would be the degree of security and privacy that institutions have in the use of this tool (e-proctoring).

This coincides with the main line of research on this tool, where most of the studies focus on trust
and the safety of using it. Something that can be seen in studies from years ago, as can be seen in
Howlett and Hewett [66], is that both technological solutions and instructional design solutions to
reduce cheating in these remote examinations were already examined.

However, this has not changed, and to this day the research continues in the same direction [67,68]
despite the good functioning of the examples that were shown in the literary review and that studies
such as those of Atoum, Chen, Liu, Hsu, and Liu [69], Davis, Rand, and Seay [70], OReilly and
Creagh [71], and Kayser [72], stress the trust and security in e-proctoring, and recommend its use to
online educational institutions (and even in place of face-to-face).

This means that the distributors of these types of tools must carry out good communication
and advertising campaign regarding the security and privacy of this tool if they want to conquer
and consolidate its use in online teaching institutions. Not only that, they must also encourage and
incentivize the rest of the motivational factors since the trust factor receives the most influence from
the rest of the factors.

For this reason, in this campaign, they must also offer adequate prior information to these
institutions, since many are not aware of its characteristics (available information), the benefits of
its use (perceived usefulness), compatibility with its type of business (perceived compatibility), and
effectiveness and quality with demonstrable results (quality management). In addition, they must
request their clients to advertise their use of this tool, so that they can serve as an example to other
institutions (external conditioning).

The other two factors (attitude and intention), being two of the three factors most dependent on
the rest, also owe their importance within the system and their extent of influence on the other factors.

Thus, in general terms, it can be said that this is intended to change the vision of institutions
dedicated to online teaching regarding e-proctoring and to encourage the use of this tool in their
institutions, allowing complete remote teaching, which is what the online educational system demands.

This research is limited to the study of motivational factors in the implementation of e-proctoring
in educational institutions, but this limitation can be eliminated in future studies and extend this study
to other types of factors that also influence this implementation, such as the study of the weaknesses of
the different technological tools used by this remote supervision system.
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