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Abstract: The COVID-19 pandemic has affected all walks of life, including education. Universities
have been forced to teach in a blended or online environment, which has led professors to adapt their
traditional teaching–learning methodologies. The professors of Mathematics of Financial Operations
at the University of Almeria (Spain) have created video tutorials so that students can autonomously
prepare the theoretical part of the subject, leaving the face-to-face classes for practical exercises.
This article aims to analyze the effectiveness of video tutorials and the autonomy finally achieved
by students in their learning. For this purpose, a questionnaire was carried out in which, through
21 questions, the constructs Autonomy, Effectiveness, Depth, Format, Challenge, and Use were
assessed. Based on these six latent variables, the proposed model using the Partial Least Squares
Structural Equation Modeling (PLS-SEM) methodology revealed that students considered the Format
and Depth of the video tutorials crucial for genuinely effective performance learning and promoting
their autonomy. On the other hand, the variables Challenge and Use were poorly rated. This article
presents an original valuation model, which has the virtue of achieving a prediction of 78.6% and, in
addition, has high predictive power.

Keywords: video tutorials; blended learning; online learning; financial mathematics; COVID-19;
autonomy; effectiveness; PLS-SEM

1. Introduction

At this point, practically everything may have been said about the global expansion
of COVID-19 [1], although sadly, there is still a long way to its definitive eradication [2].
As an irony of the destiny, the global expansion of this pandemic followed an expansive
pattern quite similar to the black plague of the 14th century, with which it presents a
series of resemblances [3]. In a certain sense, it is also comparable with the effects that
the Spanish flu brought to world economies and societies at the beginning of the 20th
century [4], slowing down its growth and drastically paralyzing any human activity. Even
though the World Health Organization decreed on 11 March 2020 that COVID-19 was a
global pandemic and previously warned of the seriousness of its potential menace [5], the
early-warning mechanisms inexplicably failed during the first two weeks of March 2020 in
all countries, contributing to the spreading of the pandemic around the world.

Regardless of the complexities of this problem, essential human activities such as
education could under no circumstances cease; hence, public authorities adopted different
measures in order to combat the outbreak while trying to ensure the continuation, as
far as possible, of normal daily life prior to the pandemic. In this context, the Spanish
government opted for declaring a State of Emergency [6], guaranteeing the non-interruption
of education through online instruction.
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One of the key subjects in the holistic development of students is mathematics [7],
as outlined by Inglis and Foster [8] in their semi-centennial perspective. Nevertheless,
the entry of the COVID-19 on the scene has meant a redefinition of the student–professor
relationship compared to before the pandemic [9]. Hence, the teaching of this field of
knowledge given the current scenario has been denominated as a “Historical Disadvan-
tage” by Chirinda et al. [10]. In fact, compared to very recent times in which the evaluation
of mathematics learning support could only take the face-to-face mode into account in
daily teaching [11], the difficulties caused by the pandemic have represented a disruptive
phenomenon with respect to traditional teaching, and, even more so in the teaching of
mathematics, since it has resulted not only in the quasi-obligatory decision to opt for online
teaching but also in the implementation of practically any element of support coming from
the new technologies [12]. In this sense, online teaching of mathematics has been success-
fully introduced in all educational stages or cycles such as primary school [13], secondary
education [10,12,14–16], or at the university level, where these types of initiatives can be
found around the world at university systems of countries that are geographically distant
and sociocultural heterogeneous, such as the United States [17], Indonesia [18], South
Africa [19], or Slovakia [20]. It follows from these facts that the teaching of mathematics
from the advent of the COVID-19 onwards is likely to be restricted to automated teaching
such that humans will have to limit themselves to interacting with all kinds of technological
means [21].

The Spanish universities precisely took this path after the enactment of the State
of Emergency [6], under which the faculty as a whole had to take charge of the urgent
situation, like their colleagues in other latitudes, by carrying out their teaching via online
and applying as teaching resources all technological means available at their disposal. In
this context was subsumed the Department of Business and Economics of the University
of Almería, Spain, when it was necessary not to cease the educative process; hence it
was decided to elaborate video tutorials to support the implementation of the subject
Mathematics of Financial Operations, part of which was taught online.

Thus, at the end of the 2020–2021 academic year, a strictly anonymous online ques-
tionnaire was distributed among the entire student body. The professors sought to analyze
the impact of video tutorials elaborated ad hoc on the students’ final performance of
this academic discipline. This survey was designed by considering the three elementary
dimensions schematized by Glass and Sue [22], emphasizing the student’s preferences,
satisfaction, and degree of self-learning. All surveys were tabulated and modeled according
to the Partial Least Squares Structural Equation Modelling methodology (also known as
PLS-SEM) [23–25], a set of procedures that derive from three prior lines of research: the
iterative models aimed at obtaining solutions for single-component, multi-component mod-
els, and canonical correlations [26], the nonlinear iterative partial least squares (NIPALS)
algorithm [27] and from other pre-existing models that opted for the inclusion of latent
variables [28].

Although the initial scope of application of this methodology was originally focused
on marketing [28], today it is applied to multiple areas of business and economics [29],
such as finance [30] or management accounting [25] and other domains of knowledge such
as the information sciences [31], based on its versatility and flexibility. It has been designed,
according to Hair et al. [32], as a “silver bullet” of quantitative research that can be used
both for exploratory and predictive purposes, being especially reliable when it comes to
validating models or verifying hypotheses [31]. Most of the works that have previously
analyzed the incidence of explanatory videos in the learning process of mathematics start
from a purely exploratory perspective [18]. However, our work also applies a predictive
dimension, since the model obtained has been optimally adjusted to the employed sample
through the PLS-SEM methodology. To the best of our knowledge, this approach has been
used for the first time in the analysis of a questionnaire related to the performance of
mathematics teaching during the COVID-19 era, highlighting eminently positive feedback
from students who consider that video tutorials have been helpful to shortening their
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study hours, giving priority to factors such as the visual aspect and the format of videos
produced by the professors in charge of this unforgettable pilot experience.

This research is structured as follows: First, Section 2 contextualizes the repercussions
and effects of the employment of video tutorials in the contemporary teaching–learning
process, establishing the hypotheses involved in this research. Next, Section 3 defines the
dataset and scale used and the constructs and indicators elaborated, defining the existing
interrelationships between the different variables. Subsequently, Section 4 gathers the
results obtained from applying the PLS-SEM methodology on the starting dataset, ending
with Section 5, which detail the main discussions and conclusions reached in light of
this manuscript.

2. Theoretical Background

Technological progress is a reality in the higher education field, not least since the
COVID-19 pandemic. Most universities moved to online learning environments to replace
face-to-face classes [33]. The concept of e-learning includes the use of new technologies
and the Internet to improve the quality of learning by facilitating access to resources as
well as remote exchanges and collaboration [34].

Today, technology is mainly used in virtual and asynchronous environments, while
its inclusion with face-to-face classes is known as blended learning. Focusing on the
use of asynchronous videos, extant literature has displayed its upsides [33]. Generally
speaking, video tutorials tend to have a positive effect on students’ performance. In this
vein, videos improve student’s motivation and autonomy [35] and allow them to regulate
their workload by re-watching the classes whenever they want [36].

2.1. Impact of Video Tutorials on the Effectiveness

The effectiveness of videos depends on various factors [37]. In accordance with
the cognitive theory of multimedia learning (CTML), which is how multimedia learning
affects students’ cognitive processes regarding the assimilation of knowledge [38], students
need to be actively processing incoming information for learning to occur. In this sense,
visual (such as an image on the screen) and verbal (the professor’s voice) stimuli are
addressed separately in two channels. It has been empirically proved that video and
audio input simultaneously increase the student’s engagement and therefore lead to better
performance [39–41].

Furthermore, it is necessary to keep in mind that, given that the human capacity to
attend to all the information presented is limited, too much information inhibits student’s
knowledge acquisition. Several authors [40,42] have highlighted that the instructor’s
presence does not necessarily bring about better engagement, satisfaction, or perceived
learning in the students. Moreover, other authors [39,43] state that there is no optimal
format for video tutorials.

In addition, the availability of video tutorials, where its visualization may be repeated
(e.g., rewinding complex concepts), catching up on missed classes, is a positive advantage
for students’ learning process [44,45]. Furthermore, Koumi [46] say that “video by itself
will not prove effective and will fail to achieve this potential if it is designed badly”. Videos
need to be pedagogically effective to achieve student learning. Thus, they have to be
designed for cognitive engagement and constructive reflection [47]. However, as remarked
in the empirical study done by Miner and Stefaniak [48], video should not replace direct
teaching but should be a complement of it. In this line, Means, Toyama, Murphy, and
Baki [49] demonstrated that a blended-learning method is more effective than entirely
face-to-face classes. However, they found similar levels of effectiveness between purely
online classes and face-to-face.

Based on this understanding, we propose the following hypotheses:

Hypothesis 1 (H1). Format is positively related to Effectiveness.
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Hypothesis 2 (H2). Usage is positively related to Effectiveness.

The effectiveness of videos is based on deep knowledge [50,51]. The application of
e-learning techniques in the mathematics field increases the memorization, comprehension,
and internalization of contents [52]. In this way, it is important to highlight that “it
is not enough for students to reproduce the knowledge faithfully; they must have a
good command of the structure and existing interrelations and give coherence to the
knowledge” [37].

In this sense, an in-depth understanding by using investigation methods and reflec-
tive and critical thinking is related to learning effectiveness [37]. According to Dede [53],
an asynchronous method develops thoughtful and reflective thinking among students,
improving the learning process [54]. Similarly, in order to a effectiveness in the learning
process, it is essential to implement learning tasks of a challenging nature. Complex prob-
lems requiring divergent thinking can improve creativity and forge significant relationships
and connections in learning [37].

Therefore, we propose the following hypotheses:

Hypothesis 3 (H3). Depth is positively related to Effectiveness.

Hypothesis 4 (H4). Challenge is positively related to Effectiveness.

2.2. Impact of Video Tutorials on Autonomy

Learner autonomy is the ability to control one’s learning by defining one’s goals and
strategies for knowing and evaluating their development. In e-learning, where professors’
intervention is not direct, motivation, environment, tasks, educators, and materials play an
essential role in making students learn autonomously [55].

As we mentioned before, the use of the video tutorial format promotes students’
autonomy [35]. Specifically, the video format gives students the possibility to choose
when to participate, which is perceived as a tool that increases the students’ degree of
autonomy [56]. These findings are in line with [57], where it is indicated that videos are
effective when allowing for autonomous learning, use vivid multimedia instruction, and
enhance professor–learner communication [48].

Usually, e-learning methods have a positive impact because they favor self-regulation
and allow students to develop their own learning processes [58]. As is said by Moreno-
Guerrero et al. [52], “Autonomy is the dimension where there is a greater contrast when
comparing the expository-traditional method with the e-learning method. This fact may
be mainly due to the fact that the e-learning method favors self-regulation of learning”.
Learning autonomy allows each student to save study time by managing his/her rhythm
and space to tailor to his/her educational needs. Thus, learning efficiency is related to
autonomy [55].

Based on the aforementioned literature, we propose the following hypotheses:

Hypothesis 5 (H5). Format is positively related to Autonomy.

Hypothesis 6 (H6). Effectiveness is positively related to Autonomy.

Reflective and critical thinking leads to a deep formation. In this sense, students’
inference abilities when using video tutorials, combined with self-assessment, where they
may learn from their own errors, implies that depth learning is associated with improved
motivation and autonomy [59].

Moreno-Guerrero et al. [52] also showed that these techniques favor students’ infer-
ence, increasing their participation and interest in the contents while the professor becomes
a guide. Moreover, they found that video tutorials directly influence autonomy and, in the
same way, may lead to an acquisition of mathematical concepts and results. In this sense,
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autonomy permits students to coordinate the activities to be developed to achieve effective
learning of the concepts, giving place to formative challenges.

In this way, the following hypotheses are proposed:

Hypothesis 7 (H7). Challenge is positively related to Autonomy.

Hypothesis 8 (H8). Depth is positively related to Autonomy.

2.3. Moderating Effects

Previous studies demonstrate that videos’ effectiveness is influenced by a variety
of characteristics: depth, challenge, format and usage. However, these studies do not
capture the effectiveness’s contribution to the relationship between previous constructs and
students’ autonomy. In this sense, we are referring to the moderating effect of effectiveness.

There is a large stream of literature demonstrating that variables such as gender [60,61],
educational context [62], format [49], or study discipline [63] have a moderating effect on
the effectiveness of online courses and blended learning.

In the same way, there is a large amount of meta-analysis research that included several
possible moderators of videos’ effectiveness. For example, Van Alten, Phielix, Janssen, and
Kester [64] and Spanjers et al. [65] found that the inclusion of design characteristics such as
quizzes, lecture activities, or small group assignments increases the effectiveness of sessions.
Müller and Mildenberger [66] analyzed as moderating effects of the educational research,
study condition (study, level), and methods, finding differences in the effectiveness between
blended and conventional classes. Meanwhile, Means et al. [49] included several moderator
variables explaining differences in outcomes between online learning and face-to-face
environments. Müller and Mildenberger [66] also revealed similar moderating results.
They did not find a significant effect of these variables. Vo et al. [63] tested the moderating
effects of disciplines and the final evaluation method on students’ outcomes. STEM
disciplines had a more significant impact on students’ outcomes.

Consequently, we hypothesized about the existence of moderating effects of effective-
ness in the learning of Financial Mathematics.

Keeping in mind these studies, we postulate the following hypotheses:

Hypothesis 9 (H9). Effectiveness positively moderates the link between Format and Autonomy.

Hypothesis 10 (H10). Effectiveness positively moderates the link between Depth and Autonomy.

Hypothesis 11 (H11). Effectiveness positively moderates the link between Challenge and Autonomy.

3. Materials and Methods

The data used in the empirical part of this work are primary since they were obtained
through a direct survey of students.

The authors are professors of the subject Mathematics of Financial Operations, cor-
responding to the second year of the Finance and Accounting degree at the University of
Almeria, in Spain. The course is compulsory for students of this degree. In addition, it is
offered as a third-year elective for students of the Mathematics degree in order to obtain a
special recognition named “Mention in Mathematics and Finance”. During the 2020–2021
academic year, the course was scheduled to be taught in blended learning, although it
was actually taught entirely online due to the pandemic caused by COVID-19. However,
following the initial spirit of blended learning, half of the online theoretical classes were
taught in asynchronous mode, and the rest of the classes, including the practical classes,
were in synchronous mode.

With the Camtasia 2020 software, the professors recorded video tutorials on the
theoretical contents of the subject. At the end of the course, an anonymous questionnaire
was sent to the students. Professors want to determine their opinion on the learning
process with video tutorials. A total of six latent variables (constructs) were analyzed, all
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considered composites, and measured by between 2 and 5 manifest variables (indicators),
which indicate different dimensions of the construct. Table 1 summarizes all the variables
analyzed: constructs and corresponding indicators.

Table 1. Constructs and indicators.

Construct Indicator Description

Autonomy
(Formative)

A1 Video tutorials favour my autonomous learning

A2 Video tutorials help me to manage my study time better

A3 Video tutorials allow me to solve doubts without the need to attend face-to-face tutorials

Usage
(Formative)

U1 The time I have spent studying with the video tutorials has been sufficient and suitable

U2 I feel that I have spent more time than my peers studying with the video tutorials

Challenge
(Formative)

C1 Video tutorials help me to establish meaningful relationships between the different parts of the subject matter

C2 Video tutorials help me to coordinate the activities to be developed to achieve effective learning of the concepts

C3 Video tutorials help me look for solutions or alternative perspectives

C4 Video tutorials help me to be more creative in finding solutions

Effectiveness
(Reflective)

E1 Video tutorials help learn the subject

E2 Video tutorials have helped me to know the subject better

E3 Video tutorials have helped me to save time in the study of the subject

Depth
(Formative)

D1 Video tutorials help me use questioning and research methods

D2 Video tutorials help me gain a deeper understanding of fundamental concepts and ideas

D3 Video tutorials help me to relate the fundamental concepts of the subject

D4 Video tutorials help me develop reflective and critical thinking

Format
(Formative)

F1 I prefer video tutorials to be developed by several professors rather than a single professor

F2 The extent of the subject matter covered in each video tutorial is adequate

F3 The length of each video tutorial is adequate

F4 I found the visual aspect (design, font size, etc.) of the video tutorials attractive and clear

F5 I found the explanations of the video tutorials to be clear and accurate

A total of 21 indicators were considered, all measured on a Likert scale ranging from
1 to 7, as shown in Table 2. The Effectiveness construct was estimated in reflective mode,
considering the covariation of its indicators. However, the rest of the constructs were
estimated in a formative mode, considering a causal relationship of the indicators on
the construct.

Table 2. Likert scale.

Value Meaning

1 I fully disagree
2 I quite disagree
3 I disagree
4 Neither agree nor disagree (neutral)
5 I Agree
6 I quite agree
7 I fully agree

Three indicators were considered to measure the Autonomy achieved by the student
with the use of video tutorials: strengthening of autonomous learning (A1), improvement
in the management of study time (A2), and the possibility of resolving doubts without the
need to attend face-to-face tutorials (A3). It should be noted that blended learning requires
students to compensate for the professor’s presence with their autonomous capacity in a
more or less extensive part of the course.
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The level of Effectiveness of the video tutorials translates into the degree of autonomy
achieved by the student. If the video tutorials are useful for learning the subject (E1), if
they help to understand the contents better (E2), and if they save time in the study (E3),
they will be more effective.

In turn, the time the student has devoted to the video tutorials, both individually (U1)
and in relation to peers (U2), determines their Usage, which will influence effectiveness.

If video tutorials are challenging for the learner, this should encourage students’
autonomy. Video tutorials will be a Challenge when they help them to relate the subject
matter meaningfully (C1), to coordinate the learning activities to be developed (C2), to seek
alternative perspectives (C3), and to be creative in finding solutions (C4).

The Depth of the video tutorials will be conducive to learner autonomy. A video tuto-
rial will be deep when it leads to questioning and the use of research methods (D1), helps
to deepen the understanding of fundamental concepts and ideas (D2), relates fundamental
concepts (D3), and develops critical and reflective thinking (D4).

Finally, the Format of the video tutorials, i.e., the way they are made, will also influence
the student’s autonomy. In this sense, the variety or not of the professors that appear in
them (F1), the length of the subject matter covered in each video tutorial (F2), its duration
(F3), its visual aspect (F4), and the clarity and precision of the explanations (F5) will be
decisive in the student learning and, ultimately, in the autonomy achieved.

The constructs Depth and Challenge are based on the ATAE questionnaire for the
analysis of assessment tasks [37]. The constructs Effectiveness, Format, and Autonomy
were based on the survey conducted by Financial Mathematics professors in a previous
course [67], while Use was newly created.

Figure 1 shows all the study variables developed and the relationships between them
derived from the previously described hypotheses, namely the conceptual research model
known as a nomogram. It should be noted that the model presented is absolutely original.

Figure 1. Research model and hypotheses. C: Challenge, U: Usage, E: Effectiveness, F: Format, D: Depth, A: Autonomy.
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The relationships between each construct and its indicators constitute what is known
as the measurement model. The relationships between the different constructs constitute the
structural model. The assessment of both models was carried out using the statistical method-
ology of Partial Least Squares Structural Equation Modeling (PLS-SEM), implemented by
the software SmartPLS (v.3.3.2.) [68].

PLS-SEM does not require the data to have a normal distribution, since it uses a
non-parametric bootstrap technique to test the significance of the coefficients [69–71]. In
this analysis, 10,000 samples with replacement were considered.

The PLS algorithm involves four stages. In the first stage, the structural model weights
and latent variable scores are determined through a four-step iterative process [72–74]:

1. Preliminary outside estimation of the latent variables scores through the linear combi-
nation of their manifest variables:

ξ j,n := ∑
kj

w̃kj
xkj ,n,

where ξ j is the latent variable, j = 1, · · · , J; xki
is the manifest variable k of the latent

variable i, k = 1, · · · , K; w̃kj
is the estimated outer weight of the indicator xki

; n is the
specific observation, n = 1, · · · , N.

2. Inner weights estimation of the latent variable, by using the factor weighting scheme
and according to the sign of the correlations between latent variables:

vj,i =

{
cov(ξ j, ξi), if ξ j and ξi are adjacent

0 , otherwise

3. Internal estimation of latent variable scores by linear combination of their adjacent
variables, by using the inner weights of the previous step:

ξ̃ j := ∑
i

β j,iξi.

4. Outer weights estimation, which are calculated differently depending on whether the
constructs are estimated in a formative or reflective mode:

Formative (mode B) ξ̃ j,n = ∑
kj

w̃kj
xkj ,n + δj,n

Reflective (mode A) xkj ,n = w̃kj
ξ̃ j,n + ekj ,n

where δj,n is the error term from a multiple regression and ekj ,n is the error term from
a bivariate regression.

The algorithm is iterative and terminates when the weights in Step 4 experience a
marginal variation between two consecutive iterations, or when the maximum number of
iterations is reached.

Based on the latent variable scores obtained in Stage 1 and through a series of ordinary
least squares regressions in Stages 2 and 3, the external weights and loadings of the manifest
variables, the path coefficients, and a series of parameters, such as the direct and indirect
effects, the coefficient of determination R2 of the endogenous latent variables and different
evaluation criteria of the model are determined.

Finally, in stage 4, the non-parametric bootstrapping procedure (sampling technique
with replacement) is applied to test the significance of the model parameters.

The assessment of the measurement model requires different treatment of the reflective
and formative constructs. To evaluate the reflective composite, it is necessary to contrast the
reliability of each of its indicators as well as the reliability of the construct and its convergent
and discriminant validity. Additionally, the evaluation of the formative composite involves
studying the multicollinearity between the different indicators, as well as the relevance
and significance of the weights of each indicator.
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Composite reliability [72], which should range from 0.7 to 0.95, is the lower limit of
internal consistency reliability of the reflective construct. This measure is determined by

ρc =

(
K
∑

k=1
lk

)2

(
K
∑

k=1
lk

)2

+
K
∑

k=1
var(ek)

,

where lk is the outer loading of the manifest variable k corresponding to a latent variable
measured with K indicators; ek is the measurement error of k; and var(ek) corresponds to
the measurement error variance and it is calculated as 1− l2

k .
Cronbach’s alpha is the upper limit of internal consistency reliability

Cronbach′s α =
Kr

1 + (K− 1)r
,

where r is the mean of the triangular correlation matrix.
The Dijkstra–Henseler’s Rho usually stands between the two previous measures [75]:

ρA :=
(
ŵ′ŵ

)2 ŵ′(S− diag(S))ŵ
ŵ′(ŵŵ′ − diag(ŵŵ′))ŵ

,

where ŵ is the estimated weight vector of the construct and S is the empirical covariance
matrix of the manifest variables.

The average variance extracted (AVE) is a measure of the convergent validity [76]:

AVE =

K
∑

k=1
l2
k

K
.

It is considered acceptable when its value exceeds 0.5, which means that the construct
explains more than 50% of its manifest variables’ variance.

In the formative constructs, collinearity is analyzed through the variance inflation
factor (VIF) of each indicator [77]:

VIFk =
1

1− R2
k

.

If the VIF of an indicator is greater than 5, it indicates that there are problems of
collinearity with other indicators of the construct, so it should be eliminated [78].

On the other hand, the assessment of the structural model involves determining the ab-
sence of collinearity problems between the constructs; evaluating the sign, magnitude, and
statistical significance of the path coefficients; assessing the effect sizes; and, finally, deter-
mining the in-sample predictive power by means of the blindfolding procedure. Moreover,
the out-of-sample predictive power will be analyzed by utilizing holdout samples [29].

The total number of students enrolled in the course was 162, of whom 23 students did
not attend class and did not take the exams. Therefore, the actual sample was 139 students.
Students were asked to answer the survey, completely voluntarily and anonymously, using
the university’s teaching platform through which the classes had been given. A total of
118 students responded, which represented an 85% response rate. Once the responses
had been analyzed, 7 observations had to be eliminated, since inappropriate patterns of
behavior were observed—for example, all responses had the same score. Consequently, the
final sample was 111 observations, which represented 80% of the students who had taken
the course, thus ensuring its representativeness.

The number of observations to reach acceptable levels of statistical power in PLS-SEM
and a quality measurement model is 100 [78]. On the other hand, considering a mean effect
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size of 0.15, a significance level of 0.05, and a statistical power of 0.8, using the statistical
software G*Power (v. 3.1.9.6., Kiel, Germany) [79] for the proposed model, the necessary
sample size is 85. Therefore, since 111 responses were obtained in the study, the sample
considered was adequate.

4. Results

Table 3 shows the main descriptive statistics of the sample. The students’ opinion
has been very mixed, as all but four of the indicators cover the full range between 1
and 7. The students’ evaluation of the video tutorials is positive, since the average score
exceeds 4. It is only below 4, with a value of 3.937, for their appreciation of the time of use
(U2). The students consider that they have spent less time than their peers studying with
video tutorials.

Table 3. Descriptive Statistics.

Construct Indicator Mean Standard Deviation Minimum Maximum

Autonomy
(Formative)

A1 4.982 1.395 1 7
A2 4.766 1.571 1 7
A3 4.216 1.365 1 7

Usage
(Formative)

U1 4.568 1.313 1 7
U2 3.937 1.247 1 7

Challenge
(Formative)

C1 4.943 1.262 1 7
C2 4.811 1.346 1 7
C3 4.649 1.205 1 7
C4 4.423 1.399 1 7

Effectiveness
(Reflective)

E1 5.144 1.321 1 7
E2 4.901 1.342 1 7
E3 4.360 1.553 1 7

Depth
(Formative)

D1 4.261 1.250 1 7
D2 4.622 1.440 1 7
D3 5.054 1.184 2 7
D4 4.577 1.220 1 7

Format
(Formative)

F1 4.342 1.679 1 7
F2 5.036 1.287 2 7
F3 4.937 1.232 1 7
F4 5.622 1.163 3 7
F5 5.054 1.199 2 7

Sample size: 111 interviews.

With an average of 5.622 and a minimum value of 3, the best-rated aspect was the
visual aspect, considering that the video tutorials are attractive and clear. The highest-rated
construct, overall, and with a smaller range of variation, was Format, indicating that the
design of the video tutorials by the professors was appropriate.

Figure 2 depicts a global vision of the measurement and structural models.

4.1. Measurement Model

Table 4 shows the results corresponding to measurement model assessment.
First, Panel A displays the validation data for the reflective construct, Effectiveness.

The construct indicators are valid when their loadings (λ) are ≥0.707 [80], which is verified
in E1, E2, and E3 (Panel A1), and implies that the variance shared between the construct and
its indicators is greater than the variance due to error. The commonality of the indicators
(λ2) indicates that their variation is explained between 66.59% and 75.69% by the construct.

On the other hand, construct reliability or internal consistency is guaranteed as long
as Cronbach’s alpha coefficient, composite reliability [81], and Dijkstra–Henseler’s Rho
(Panel A2) are ≥0.7 [75]. In this study, stricter reliability was found, with values >0.8,
corresponding to more advanced research stages [82]. Furthermore, the 95% confidence
intervals, obtained with a bootstrapping of 10,000 samples, verified that the lower limit
is >0.7 and the upper limit is <0.95 [29].
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Figure 2. Model results.

In addition, convergent validity is determined by the average variance extracted
(AVE), which must be ≥0.5 [83]. In this case, Effectiveness explains, on average, 72.2% of
the indicators’ variance.

Lastly, the discriminant validity of Effectiveness was tested by the Fornell–Larcker
Criterion (Panel A3), according to which the square root of the AVE (0.850, highlighted in
bold on the diagonal) must be greater than the construct correlation with the rest of the
constructs (the values horizontally and vertically located on the same line) [23].

Second, Panel B reflects the evaluation results of the formative constructs. All variance
inflation factors are <3, so there are no collinearity problems between the indicators [29,84].
It is important to note that the value of the weights indicates the indicator contribution to
the corresponding construct. The six indicators with non-significant weights remained in
the model, U2, C3, C4, and F3 had loadings >0.5; F1 and F4, whose loadings were <0.5,
showed significant loadings [23]. The most highly rated indicators in each latent variable
were A1, U1, C2, D3, and F5.

4.2. Structural Model

Table 5 presents the main parameters related to the assessment of the structural model.
All the VIF values are≤3, so the model did not present collinearity problems [29]. It should
be noted that, as the path coefficients are shown as standardized values, their possible
values range from +1 to −1. In this case, a one-tailed bootstrapping was considered
for testing the hypotheses with their corresponding sign [85]. According to the latest
requirements, the number of samples considered was 10,000 [86].
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Table 4. Valuation of the Measurement Model.

Panel A. Reflective Construct (Effectiveness)
Panel A1. Outer Loadings

Indicator Loading (λ) CI 2.5% CI 97.5% p-Value

E1 0.870 0.808 0.913 0.000
E2 0.863 0.795 0.913 0.000
E3 0.816 0.735 0.871 0.000

Panel A2. Construct Reliability and Average Variance Extracted
Criterion Value CI 2.5% CI 97.5% p-Value

Cronbach’s Alpha 0.807 0.734 0.860 0.000
Dijkstra–Henseler’s Rho 0.809 0.739 0.864 0.000

Composite Reliability 0.886 0.849 0.915 0.000
AVE 0.722 0.653 0.782 0.000

Panel A3. Discriminant Validity (Fornell-Larcker Criterion)
Construct Autonomy Challenge Depth Effectiv. Format Usage

Challenge 0.739 n.a.
Depth 0.751 0.751 n.a.

Effectiveness 0.826 0.725 0.746 0.850
Format 0.784 0.693 0.649 0.696 n.a.
Usage 0.447 0.448 0.492 0.537 0.298 n.a.

Panel B. Formative Constructs
Construct Indicator VIF Weight CI 2.5% CI 97.5% t-Stat. Loading

Autonomy
A1 1.67 0.487 *** 0.316 0.644 5.746 0.878 **
A2 1.36 0.406 *** 0.250 0.569 4.966 0.766 **
A3 1.35 0.359 *** 0.200 0.504 4.652 0.730 **

Usage U1 1.19 0.910 *** 0.647 1.059 8.386 0.986 **
U2 1.19 0.185 ns −0.189 0.546 0.983 0.556 **

Challenge

C1 1.77 0.472 *** 0.245 0.680 4.261 0.876 **
C2 1.95 0.573 *** 0.354 0.763 5.540 0.919 **
C3 1.89 0.048 ns −0.203 0.292 0.377 0.608 **
C4 2.04 0.047 ns −0.202 0.298 0.367 0.646 **

Depth

D1 1.72 0.376 *** 0.165 0.605 3.335 0.687 **
D2 1.73 0.245 ** 0.007 0.445 2.201 0.727 **
D3 1.69 0.508 *** 0.312 0.728 4.788 0.807 **
D4 1.81 0.223 ** 0.020 0.406 2.239 0.684 **

Format

F1 1.12 0.035 ns −0.120 0.181 0.457 0.236 *
F2 1.58 0.353 *** 0.084 0.593 2.686 0.744 **
F3 1.60 0.005 ns −0.213 0.238 0.043 0.534 **
F4 1.35 −0.096 ns −0.291 0.099 0.955 0.388 **
F5 1.79 0.807 *** 0.566 0.982 7.585 0.945 **

n.a. denotes not applicable; ns denotes not significant; * p-value < 0.10; ** p-value < 0.05; *** p-value < 0.01.

The results showed that Format, Usage, and Depth positively influenced Effectiveness
with a significance level of 99% (p = 0.001, 0.000, and 0.002, respectively), while Challenge
did so at 95% (p = 0.024), which confirmed the hypotheses H1, H2, H3, and H4. Likewise,
Format and Effectiveness positively influenced Autonomy, with a significance level of 99%
(p = 0.000 in both cases), while Depth did so at 95% (p = 0.018) and Challenge did not
present a significant influence (p = 0.149), so hypotheses H5, H6, and H8 were confirmed,
but hypothesis H7 was not confirmed.

Concerning the mediation hypotheses, the indirect effects indicate that a partial
mediation of Effectiveness between Depth and Autonomy was verified, with a significance
level of 99% (p = 0.006), thus verifying hypothesis H10. Similarly, Effectiveness exerted a
partial mediation, with a significance of 95% (p = 0.015), between Format and Autonomy,
verifying hypothesis H9. In addition, with a significance of 90% (p = 0.061), Effectiveness
fully mediated between Challenge and Autonomy, validating hypothesis H11.

Finally, Usage exerted a positive and significant influence on Autonomy through
Effectiveness, with a significance of 99% (p = 0.003).
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Table 5. Valuation of the Structural Model.

Panel A. Direct Effects
Path t CI 5% CI 95% f 2 VIF

Challenge→ Autonomy 0.093 ns 1.040 −0.053 0.240 0.014 2.930
Depth→ Autonomy 0.162 ** 2.103 0.042 0.295 0.043 2.894
Effectiveness→ Autonomy 0.406 *** 3.522 0.228 0.609 0.266 2.909
Format→ Autonomy 0.332 *** 3.430 0.161 0.479 0.224 2.300
Challenge→ Effectiveness 0.195 ** 1.971 0.040 0.366 0.043 2.831
Depth→ Effectiveness 0.298 *** 3.238 0.137 0.439 0.106 2.680
Format→ Effectiveness 0.304 *** 3.485 0.168 0.455 0.142 2.096
Usage→ Effectiveness 0.213 *** 2.835 0.088 0.338 0.108 1.358

Panel B. Indirect Effects
Effect t CI 5% CI 95%

Challenge→ Autonomy 0.079 * 1.546 0.013 0.180
Depth→ Autonomy 0.121 *** 2.522 0.047 0.202
Format→ Autonomy 0.124 ** 2.182 0.050 0.234
Usage→ Autonomy 0.087 *** 2.772 0.035 0.138

Panel C. Total Effects
Effect t CI 5% CI 95%

Challenge→ Autonomy 0.172 ** 1.956 0.033 0.323
Depth→ Autonomy 0.283 *** 3.725 0.163 0.410
Effectiveness→ Autonomy 0.406 *** 3.522 0.228 0.609
Format→ Autonomy 0.455 *** 6.055 0.329 0.578
Usage→ Autonomy 0.087 *** 2.772 0.035 0.138
Challenge→ Effectiveness 0.195 ** 1.971 0.040 0.366
Depth→ Effectiveness 0.298 *** 3.238 0.137 0.439
Format→ Effectiveness 0.304 *** 3.485 0.168 0.455
Usage→ Effectiveness 0.213 *** 2.835 0.088 0.338

* p-value < 0.10; ** p-value < 0.05; *** p-value < 0.01; ns denotes not significant.

The coefficient of determination R2 gives the explained variance of the latent de-
pendent variables. Table 6 shows how much of that variance is explained by each
preceding construct.

Table 6. Decomposition of the explained variance.

Dependent Variable R2 Antecedents Variables Path Coefficients Correlations Explained Variance

Autonomy 0.786 Challenge 0.093 0.739 0.069
Depth 0.162 0.751 0.122

Effectiveness 0.406 0.826 0.336
Format 0.332 0.784 0.260

Effectiveness 0.690 Challenge 0.195 0.725 0.142
Depth 0.298 0.746 0.222
Format 0.304 0.696 0.212
Usage 0.213 0.537 0.114

Effectiveness was explained by 69%, and the constructs that contributed most were
Depth (22.2%) and Format (21.2%), followed by Challenge (14.2%) and Usage (11.4%).
Regarding the final dependent variable, Autonomy, the model explained 78.6% of its
variance. In this case, the most influential construct was Effectiveness (33.6%), followed by
Format (26%), Depth (12.2%), and Challenge (6.9%). Therefore, the explanatory power of
the model is substantial [23,87].

The value of f 2 gives the effect size of the exogenous constructs on the endogenous
constructs. By considering that 0.02 ≤ f 2 < 0.15 is a small effect, that 0.15 ≤ f 2 < 0.35 is a
moderate effect, and that f 2 ≥ 0.35 is a large effect [88], the latent variables Effectiveness
and Format were found to exert a moderate effect on Autonomy (f 2 = 0.266 and 0.224,
respectively), while the rest of the effects were found to be small.

Finally, in-sample predictive relevance of Effectiveness (reflective dependent construct)
is given by the Stone–Geisser test [83], which yields a value of 0.475, indicating a prediction
that could be considered high.
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4.3. Out-of-Sample Prediction

The model analyzed also shows a high out-of-sample predictive power, as evidenced
by the results in Table 7, which derive from a holdout sample procedure [89] implemented in
SmartPLS. Therefore, the model is powerful enough to predict the results values of a new
case, that is, cases not included in the sample analyzed. Indeed, this can be deduced from
the fact that the PLS-LM difference is negative for all indicators.

Table 7. PLS predict valuation.

Panel A. Construct Prediction Summary
Q2

Autonomy 0.669
Effectiveness 0.631

Panel B. Indicator Prediction Summary
PLS LM PLS-LM

RMSE MAE Q2 RMSE MAE Q2 RMSE MAE Q2

A1 0.991 0.766 0.502 1.095 0.854 0.393 −0.104 −0.088 0.109
A2 1.285 1.052 0.342 1.433 1.142 0.182 −0.148 −0.090 0.160
A3 1.054 0.866 0.419 1.250 0.994 0.182 −0.196 −0.128 0.237
E1 0.983 0.687 0.460 1.068 0.782 0.363 −0.085 −0.095 0.097
E2 0.990 0.772 0.467 1.073 0.855 0.373 −0.083 −0.083 0.094
E3 1.184 0.971 0.431 1.291 1.014 0.324 −0.107 −0.043 0.107

PLS: Partial Least Squares Path Model; LM: Linear Regression Model; RMSE: Root Mean Squared Error;
MAE: Mean Absolute Error.

5. Discussion and Conclusions

As universities moved to teach in a blended or online environment, the use of video
tutorials turned into a leading tool in higher education. The present research is a great step
in the design and study of videos at the university level of Financial Mathematics. This
research is motivated by the call for more extensive research into the effectiveness of video
tutorials [33], [35], or [39]. To the best of our knowledge, previous studies that analyze
the effectiveness of videos employing PLS-SEM methodology are scarce. Specifically, it is
necessary to highlight the recent study of Ibarra-Sáiz and Rodríguez-Gómez [37], which
makes an evaluation of the assessment system validated with PLS-SEM. Thus far, there
is a gap in the empirical research because they have not used this methodology in the
mathematics learning process during the COVID-19 era at the university level. Specifically,
previous studies have not considered effectiveness as a moderating variable in the learning
process. Following this argument, we highlight the articles [37,49,52] that deserve particular
attention given that they are related to and support our paper’s contribution.

As we mentioned before, to study the impact of video tutorials on learning efficiency,
it is necessary to mention the study of Ibarra-Sáiz and Rodríguez-Gómez [37]. This paper
is focused on analyzing the most effective way to learn. With respect to Format and Usage,
in [37] it is claimed that it is not enough for students to reproduce the knowledge faithfully;
they must have a good command of the structure and existing interrelations and give
coherence to the knowledge. Regarding Depth, they claim that learning effectiveness is
related to an in-depth understanding by using investigation methods and reflective and
critical thinking. With respect to Challenge, complex problems requiring divergent thinking
can improve creativity and forge significant relationships and connections in learning [37].

In this sense, our results are in line with their ones given that we confirm that in video
tutorials, Format, Usage, Depth, and Challenge positively influence Effectiveness with a
significance level higher than of 95% (p = 0.001, 0.000, 0.002, and 0.024, respectively). In
particular, the descriptive statistics (see Table 3) reveal that the lowest score level given
in the questionnaire corresponds to the U2 indicator (construct Usage), which leads us to
infer that the students consider that they have spent less time than their peers with the
video tutorials, recognizing that they do not dedicate enough time to study. However,
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in U1 (sufficient and suitable study time) they have an average of 4.568. Among all the
constructs obtained, Format is the most prominent, which suggests that the students have
satisfactorily evaluated the audio-visual presentation contained in the video tutorials, even
though the mean of F1 (preference for recording by several professors rather than a single
professor) is one of the lowest. This factor may result from students not being entirely
satisfied with the video tutorials prepared by several professors, instead of a single one, or
even by the same professor who previously taught the subject in the classroom mode. It
might also be due to the existence of students who still miss the face-to-face mode or who
have not been able to assimilate the transition from the traditional classroom to the online
mode [19].

What is more, Format, Effectiveness, Depth and Autonomy, are also the constructs
with the greatest degree of dispersion among the student responses. Such heterogeneity
may be a direct consequence of the fact that the questionnaires were fulfilled entirely freely
and anonymously, allowing the students to express themselves with complete freedom.
Hence, the interactivity offered by the video tutorials has had particularly positive effects,
one of the aspects to be encouraged in the post-COVID-19 teaching era as reported by Rey
Lopez et al. [17] in pedagogical research in which the interviewees were the professors
themselves. Moreover, Usage presents the lowest degree of acceptance among the students,
which may be derived because the students prefer to interact with the professor through
online streaming or simply because many prefer to write personally on the blackboard in
the classroom [20,90].

On the other hand, to study the impact of video tutorials on autonomy, it is necessary to
remark the research of Moreno-Guerrero et al. [52], where, as in our article, the effectiveness
of a e-learning experience in the teaching of mathematics is studied (the difference resides
in that this experience is in adult high school, while in our study it is at university). The
present study’s results for blended learning using video tutorials show that the Format,
Effectiveness, and Depth positively influence Autonomy with a significance level of more
than 95%. In this vein, our findings indicate that videos help to identify the key concepts
of the subject and to coordinate the learning activities essential for its assimilation (see
Panel B, Table 4). In line with our study, Moreno-Guerrero et al. [52] remark that the
application of e-learning techniques in the mathematics field increases the memorization,
comprehension, and internalization of contents. They focus on Autonomy, given that this
dimension shows an enormous contrast when comparing the face-to-face method with
the e-learning method, because the latter approach favors self-regulation of learning. Our
results also show that students found the instructions to be clear and precise, considering
that the time spent in their study was sufficient and adequate. Note that the considerations
made by the students had already been foreseen by the professors beforehand, especially
those that value that the explanations are clear and precise or do not give much importance
to the length of each video. Both issues are justified by the fact that the professors designed
each video in itself as a “knowledge pill” whose content summarized and condensed each
of the subject’s themes. In other words, the content of the videos was intended to be limited
and condensed.

The model reveals the relationships between the different latent variables. For video
tutorials to be effective in the teaching–learning process, it is essential that their content has
depth and that the format (color, font, length, speed of explanation, etc.) in which they are
made is appropriate. These results are in line with [47,57]. Although to a lesser extent, it is
also important that the content is explained in a way that challenges the student. Finally,
students rated the frequency of use as less critical. Therefore, we can conclude that students
do not need to watch the video tutorials repeatedly for learning if they are well designed.

With respect to the desired objective of Autonomy in student learning, which was
78.6% explained, the most important variables are, in this order, Effectiveness and Format,
as also indicated [35,57]. Depth also plays an essential role in achieving learner autonomy.
However, the fact that the video tutorials challenge the students made a small contribution.
In sum, we can state that the Format and Depth of the content have central importance in
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studying with video tutorials. Furthermore, in this particular case, the students positively
valued the work done by the professors in the recorded video tutorials, considering that
the format chosen was quite adequate.

Finally, our findings confirm the moderating effects of effectiveness in the learning
of Financial Mathematics. The indirect effects of Effectiveness are new, since previous
studies [60–66] just select gender, educational context, or study discipline as moderating
variables. In this sense, we want to comment on Means et al.’s [49] contribution, where
the effectiveness of online and blended learning through a meta-analysis of the empirical
literature is analyzed. In this sense, the authors of [49] study several moderator variables
explaining differences in outcomes between online learning and face-to-face environments,
with the main results being in line with our paper outcome: a blended-learning method
is more effective than entirely face-to-face classes. This is explained given that blending
learning also involves additional learning time by using more instructional resources and
course elements that encourage interactions among learners. This idea, initially proposed
in [49], is developed and confirmed experimentally in our paper.

Another significant aspect to highlight is the predictive character of the model gen-
erated. In practice, the application of the PLS-SEM methodology only ensures that the
adjusted model is exploratory or explanatory for the sample under consideration. Only in
some cases is it guaranteed that the fitted model will have predictive relevance “out of the
sample”. However, given that values of Q2 are greater than 0 [23], and because the PLS-LM
difference is negative for all indicators (Table 7), the model obtained can be considered
entirely predictive. In line with the work of Karmila et al. [18], the results of this study
demonstrate that the employment of video tutorials has served to improve three critical
aspects of the teaching-learning process of the subject Mathematics of Financial Operations
in the midst of the COVID-19 epoch: improving students’ conceptual understanding skills
and their learning outcomes while increasing their motivation and interest in the subject.

Similarly, several analogies with previous works can be observed. For example, the
results of the four dimensions of the Adversity Quotient (AQ) developed by Anggraini
and Mahmudi [91] among Indonesian students are analogous in terms of the degree of
satisfaction manifested in the same way that its usability is also rated very positively. It
also presents some parallelisms with Cassibba et al. [92], who applied a different method-
ological spectrum (Mathematics Teacher’s Specialized Knowledge (MTSK)), implying that
Sicilian teachers in charge of teaching mathematics did not experience a significant differ-
ence between online and traditional or classical teaching, a fact that is confirmed in our
research from the students’ perspective due to the high impact of the variables Effectiveness
and Autonomy.

The relevance of this last variable is also noted by Fakhrunisa and Prabawanto [93]
emphasizing the potential for independent and flexible learning, depending on the needs
and circumstances of each student. Regarding the practical usefulness of this study, it
should be taken into account that the quality and objectivity of the answers obtained from
the learners, besides allowing us to obtain a PLS-SEM model of predictive nature, indirectly
resulted in an analysis of the strength of the cognitive abilities of each student quite close to
Hidayah et al. [94]. More specifically, it has mainly reinforced memory-related and visual-
spatial skills (Effectiveness, Depth, and Format variables). It is essential to underline that,
although students tend to prefer asynchronous online teaching [95], our methodological
proposal in no way presupposes dispensing with it but rather complementing it, increasing
the autonomous initiative of the e-learners in the field of mathematics.

Any innovative and groundbreaking methodological proposal, such as the one pre-
sented in this research work, can be implemented in other subjects, universities, and
countries if the appropriate circumstances are fulfilled. Possible barriers include the lack
of material or economic means, such as those detected by Mohammadi, Mohibbi, and
Hedayati [96] in the establishment of HELMS (Higher Education Learning Management
System) in Afghanistan, or the preparation, facilities, and infrastructure available for the
teaching staff responsible for online teaching as reported by Kamsurya [97]. Another aspect
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to highlight for this approach to materialize in other classrooms is the need for coordination
between schools or faculties, students, and professors [98], always bearing in mind the
opinion and needs of the students [99].

Whatever the objections that may be raised, this approach to teaching develops the
educational suggestions of international institutions such as UNESCO, since it implies the
creation of methods, processes, and feedback analysis of each component involved in the
educational process [100]. As Lockee [101] states, the new generations coming after the
pandemic will be faced with an educational environment diametrically opposed to the
classical one, in which online teaching will be predominant and will rely on methods and
models that are more flexible with the reality of the times: COVID-19 has only accelerated
this process that is yet to come.

The main limitation of this work lies in the sample used, since it corresponds to
students of a given subject at a single university. In the future, it would be interesting to
obtain data from students from other universities with the same video tutorials. It would
also be desirable to extend the study to other subjects, in which case new video tutorials
adapted to the subject would have to be developed. All this would make it possible to
compare the results and, therefore, to give greater firmness to the conclusions reached.
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