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Abstract: We are living through a cultural transition, characterized by technological disruption
and the erosion of the modern ideology, which are redefining the behavior of citizens in their
physical and digital spaces. Virtuality emerges as a new human dimension, making it necessary to
rethink social and educational paradigms for a new two-dimensional citizen. In this context, the
psychometric features and validation procedure of an instrument (B-PLE) for analyzing Personal
Learning Environments (PLE) in students of higher education institutions in the Biobío Region
of Chile are described. There were four phases to the validation method: (i) content validity, as
determined by six experts in education and ICT; (ii) pilot test, with a non-probabilistic sample of
327 subjects; (iii) principal components analysis (PCA); and (iv) confirmatory factor analysis (CFA).
The results of the dimensional analysis made it possible to define the structure of the new instrument,
explaining 72% of the total variance. The reliability analysis yielded an alpha coefficient of 0.92. The
confirmatory factor analysis showed fit indexes that support the proposed theoretical model. In
conclusion, the instrument was composed of three latent variables: Open learning (OL), with six
questions, Information management (IM), with two questions, and Knowledge creation and transfer
(KCT), with three questions.

Keywords: sustainability; higher education; personal learning environment; cultural transition;
technological disruption

1. Introduction

We are now in the process of a cultural shift that demands new ways of thinking
about society, human cohabitation, and education. We are in the midst of a crisis of
thought, of philosophical and scientific knowledge [1–7], which requires the development
of new definitions.

Part of these shifts are the result of technological disruptions, one of which is the
creation of virtuality as a new human dimension, complementary to modern space and
time [5]; the concept of the two-dimensional or digital citizen emerges as an individual
who tends to develop a unique cultural identity in relation to the human group to which
he belongs, as well as a global identity at the level of culture on a human scale, leading
him to relate to natural and artificial social systems in real and virtual spaces—that is, in
two-dimensional contexts—who tends to develop a unique cultural identity with respect to
the human group to which he belongs, as well as a global identity at a human scale, which
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leads him to relate to natural and artificial social systems in real and virtual spaces—that is,
in two-dimensional contexts.

Figure 1 suggests a structure that represents these relationships between the individual,
systems, language, knowledge, and learning. It is based on the fact that there are not only
bio-anthropological conditions of knowledge [8], but also, correlatively, socio-cultural
conditions for the production of all knowledge, including scientific knowledge; in other
words, the paradigm that produces a culture is, at the same time, the paradigm that
reproduces that culture.
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Figure 1. Scaffolding between systems, interactions, language, knowledge, and learning. Reprinted
with permission from ref. [7]. 2020, UCSC.

Different cycles can be seen in Figure 1. The different colors show that both interactions
and language can have different levels of depth. Analyzing the complexities between
language, knowledge, and learning implies assuming that at least some of the loops present
in Tables 1 and 2 can occur. Scaffolds can emerge in the subject’s interactions mediated by
language, systems (Table 1), or knowledge (Table 2). Although the interactions can also
be considered as a part of language, they are made explicit to consider the relationship
between systems and knowledge, as well as the relationship of knowledge with learning.

Each of these loops can become a learning path for individuals that contributes to
their adaptation to the changing conditions of the environment. For Aguado-Aguilar [9],
learning is:

A process of change in the subject’s state of knowledge and, consequently, in his or
her behavioral capabilities: as such, it is always a process of acquisition through which
new knowledge and/or new behaviors and ways of reacting to the environment are
incorporated.

Table 1. Loops emerging from the systems (social, natural, and artificial). Reprinted with permission
from ref. [7]. 2020, UCSC.

Loop Description

L1 Systems-interaction-knowledge
L2 Systems-interaction-knowledge-language
L3 Systems-interaction-knowledge-language-systems
L4 Systems-interaction-knowledge-interaction-language-learning

L5 Systems-interaction-knowledge-interaction-knowledge-interaction-learning-
language-knowledge

L6 Systems-interaction-knowledge-interaction-interaction-learning-learning-
language-systems

L7
Systems-interaction-knowledge-interaction-learning-interaction-learning-
language-language-language-interaction-learning-language-language-systems-
interaction-knowledge
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Table 2. Loops emerging from knowledge. Reprinted with permission from ref. [7]. 2020, UCSC.

Loop Description

L1 Knowledge-interaction-learning-learning
L2 Knowledge-interaction-learning-learning-language-knowledge
L3 Knowledge-interaction-learning-learning-language-systems-knowledge

L4 Knowledge-interaction-learning-learning-language-language-systems-interaction-
knowledge

L5
Knowledge-interaction-learning-learning-language-systems-interaction-
knowledge-interaction-learning-language-systems-interaction-knowledge-
interaction-learning-language-knowledge

Learning, on the other hand, according to Siemens [10], is a network formation process.
A subject is a node in a network of interconnected nodes, adding to the network’s linkages
with contents, people, groups, services, and repositories [11]. This is emergent, connected,
and adaptive learning, in which knowledge remains in the individual, but resides in the
collective [10].

The previous reflections suggest that new perspectives on society, education, how
individuals learn, access to information, and how knowledge is created and transferred
are required [5,7,12]. In the face of these issues, the formal education system continues to
be decontextualized, according to various authors [4,5,10,12,13]. Incompatibilities emerge
between a society that learns with technology and a society that learns exclusively with
the traditional means of a school centered on the teacher’s protagonism, on standardized
evaluations, and on a situated knowledge that is limited to the time and space of the
classroom [13]. In this regard, the OECD [14] suggests that:

Education systems will need to adapt to the changes brought on by automation,
teaching children and teenagers the skills necessary to fully benefit from the present wave
of technological implementation. This involves cognitive and social intelligence, as well as
the abilities required to function effectively in a digital environment, both as specialists
and as users of digital technology.

Personal Learning Environments, known as PLE (Personal Learning Environment),
have become an emerging position in international research in recent years to address
the challenges outlined above. The term was first coined in 2001 as part of the Northern
Ireland Integrated Managed Learning Environment project, which aimed to propose the
concept of a learner-centered environment with a variety of learning resources [15]. Cabero,
Barroso, and Llorente [16] understand PLE as an environment constituted by different
communication tools that allow the creation of the personal communicative and formative
scenography of a subject, which will be able, according to his interests and needs, to enhance
both formal and informal learning, decentralized from the rigid principles mobilized by a
training institution, open to the environment and people, and controlled by the individual—
the latter in the sense of encouraging individuals to organize their own learning, that is, a
learning that is halfway between formal and informal, and in which the individual takes
responsibility for his or her own learning.

A basic structure for a PLE is proposed by Castañeda and Adell [17]. This is divided
into three sections: (i) reading tools and techniques (for gaining access to information
sources); (ii) reflection tools and strategies (for transforming information in settings or
services); and (iii) relationship tools and strategies (environments for interacting with other
people from whom it is possible to learn).

The importance and international relevance of the PLE has led to a great deal of
research. The PLE, according to the studies reviewed, makes the individual the protagonist
of his or her own learning, allowing students to take on a new role because they have more
control over what they learn and how they learn it in two-dimensional contexts, regardless
of their geographic location [6,17–21].

With respect to the validation of instruments, in the context of the CAPPLE project [19],
an instrument was validated to study what the PLEs of future Spanish professionals are
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like. A procedure based on expert judgement, a round of cognitive interviews, and a
pilot test with 224 subjects were used for validation. After concluding the procedures, the
authors were able to validate an instrument consisting of 48 questions distributed in four
basic dimensions for a PLE (self-perception, information management, management of the
learning process, and communication).

Despite international evidence, little research on the use of PLEs in primary, secondary,
and higher education has been conducted in Chile. Badilla, Carrasco, and Prats [22]
conducted a study that focused on the development of lessons, activities, and projects
that contribute to the development of the thinking skills and mental habits of first-year
college students of technical engineering education from a Technical Training Center. The
main findings included the development of a methodological and evaluative model that
facilitates theoretical learning, based on the paradigm of learning with ICT, for example,
to promote a higher competency development in students, seamlessly incorporating ICT
into a learning activity and increasing motivation and collaborative work in physical and
virtual classrooms.

A research conducted by the Ministry of Education in 2013 [23], in which an ICT
questionnaire (SIMCE TIC) was employed, was another empirical reference discovered so
far. A total of 11,185 s grade students from 492 subsidized and private schools took part in
the survey. Only 1.8 percent of them exhibited advanced performance in the use of ICT for
learning in four dimensions, according to the findings (information, communication, ethics
and social impact, functional use of ICT).

In this context, the main goal of this research is to validate an instrument for studying
PLE in higher education students as a means of contributing to the educational chal-
lenges that higher education institutions face in an uncertain future, marked by increasing
automation and the polarization of labor.

These findings correspond to one of the doctoral dissertation’s phases: Bidimensional
Pedagogical Model to Enhance Self-Regulated Learning in Higher Education Students
in Chile’s Eighth Region [7]—the main goal of which was to propose a bidimensional
pedagogical model based on the evaluation of the effect and the influence of the type of
higher education institution (IES), to facilitate their development in ecological and complex
contexts—the Personal Learning Environment (PLE), and the study of a knowledge cluster
in the beliefs and practices of the self-regulation of learning of higher education students.

2. Materials and Methods
2.1. Research Design

During the second semester of the 2019 academic year, a non-experimental, descriptive,
transactional study [24,25] was conducted. The factors studied in the original version of
the instrument were out of the researchers’ direct control.

2.2. Participants

The respondents for the evaluation of the instrument’s psychometric qualities were
chosen using a non-probabilistic convenience sampling method [26]. The non-random
sample consisted of 327 volunteer students from the Biobío Region, belonging to the
three levels of higher education (university, professional, and technical higher education).
Regarding the sample size, there are two positions [27] on how to carry out a principal
components analysis: (i) those that suggest a minimum size (N); (ii) those that define the
proportion of people per item (N/p). The authors’ suggestions were followed, with a ratio
of persons per item ranging from 5 to 15 subjects per question and a sample size of no
fewer than 100 people [28–30].

2.3. The Instrument

The Questionnaire for the Study of the PLE of 8th Grade Students from 15 Schools in
the Biobío Region of Chile (CUPLEB) was used as a reference for the initial version of the
B-PLE instrument [6]. The psychometric analysis of this instrument obtained a Cronbach’s
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alpha coefficient of 0.89. The dimensional analysis was composed of a three-dimensional
structure that explained 55% of the total variance. The final CUPLEB instrument was
composed of 19 questions grouped into three latent variables: Open Learning (OL), with
an alpha of 0.86; Information Management (IM), with an alpha of 0.86; and Knowledge
Creation and Transfer (KCT), with an alpha of 0.70. One nominal question with three
categories (Yes/No/I don’t know) and one nominal question with five categories (I learned
alone/My teachers/My family/My friends/I don’t know how to do this) are among the
19 items accessible in the final version of the questionnaire.

The initial version of the B-PLE instrument consisted of 18 questions (Table 3). The
wording of some questions of CUPLEB was modified to adapt them to the language of
higher education, and some ICT tools that contribute to the management of information by
students were included. Of the 18 questions available in the B-PLE instrument, 15 corre-
spond to a seven-level scale; one has the scale: Yes/No (but I know it)/I do not know it;
one corresponds to the frequency: Every day, two hours or more/Every day less than two
hours/A few times a week/A few times a month/Never; and one question has answers of
the type I learned: alone (a)/with my teachers/with my family/with my friends/I do not
know how to do this.

Table 3. Dimensions, categories, and questions of the B-PLE instrument’s initial version. Reprinted
with permission from ref. [7]. 2020, UCSC.

Dimension Categories Questions

Open learning (OL)
Open learning Q10, Q11, Q13, Q14, Q15
Intrinsic motivation Q7, Q12
Knowledge transfer Q9

Information Management (IM)

Information search Q6
Information organization Q1
Digital identity Q5
Feedback Q8

Knowledge Creation (KC)
Information processing Q4
Knowledge construction Q2
Team work Q3

The technologies and strategies that drive a person to learn and transmit knowledge
in two-dimensional environments are referred to as the OL dimension. The instruments
and tactics that a person employs to search for and organize information are referred to
as the IM dimension. The KCT dimension is linked to the equipment and tactics used to
process data, produce knowledge, and communicate it.

2.3.1. Instrument Validation

The validation method included four stages: (i) construct validation through expert
judgment; (ii) a pilot test; (iii) principal component analysis (PCA); and (iv) confirmatory
factor analysis (CFA).

Expert Judgment

Expert judgment can be used to validate a research instrument [31], and it is also
an useful tool for assessing its content validity [32]. Since it was difficult to get all of the
experts together at the same time, expert judgment by individual aggregates was used. Six
specialists in the fields of education and information technology were chosen. Each one
received the instrument’s validation format, which consisted of a table for each question,
through the internet. They independently evaluated each question’s relevance with respect
to the dimension to which it belongs. In addition, a space for observation was established
so that they could make any relevant comment with respect to the importance of each sub
item and the uniqueness of the language. Their suggestions were used to construct the
second version of the instrument, which was then applied in the pilot test stage.
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Based on the expert judgment analysis process, two questions were eliminated, the
wording of some questions was modified, and questions were regrouped into other cate-
gories (Table 4).

Table 4. Summary of changes suggested by experts. Reprinted with permission from ref. [7]. 2020, UCSC.

Question Modification

Q08 Deleted
Q13 Deleted
Q12 Changed to OL category
Feedback category Replaced by planning category
Q10 Changed to planning category

The second version of the instrument was composed of 3 dimensions, with 13 ques-
tions distributed in 10 categories, as shown in Table 5.

Table 5. Dimensions, questions and categories of the instrument used in the pilot test. Reprinted
with permission from ref. [7]. 2020, UCSC.

Dimension Category Questions

Open Learning
Open learning Q10, Q12, Q13
Motivation Q07, Q11
Knowledge transfer Q08

Information Management

Information search Q06
Information organization Q01
Digital identity Q05
Planning Q09

Knowledge creation
Information processing Q04
Knowledge construction Q02
Team work Q03

Pilot Test

The pilot was carried out with 327 students from higher education (Universities, Pro-
fessional Institutes, and Technical Training Centers) in the Province of Concepción, in the
Biobío Region, Chile. The students who gave their consent participated online, guarantee-
ing the confidentiality of the information provided. The application of the questionnaire
was carried online out during the second semester of 2019. The form had an explanation
for the students about the objective of the study, with the option of not participating if they
considered it appropriate. It took about 20 min to complete the application.

Statistical Analysis

Measures of internal consistency were generated using Cronbach’s alpha coefficient,
and measures of correlation were calculated using Pearson’s correlation coefficient to
evaluate the components that make up the instrument. To evaluate whether it was possible
to perform a principal component analysis, the Bartlett’s Test of Sphericity and the Measure
of Sample Adequacy (KMO) were used. The principal components method and an oblique
rotation using the Oblimin technique were used in the analysis. Only the questions in the
questionnaire with scalar variables were subjected to this test’s results (13 questions).

To corroborate the results of the psychometric properties obtained in the exploratory
factor analysis, a confirmatory factor analysis was carried out, which allows for the rep-
resentation of the relationships of the latent variables with their observed or indicator
variables [33,34], to confirm that all the questions fit the proposed model [35–37].

The analyses were performed with the R Software from RStudio statistical software
(version 1.2.5033, Boston, MA, USA). In specific, the fa.parallel function was used, and the
following packages: the lavaan and the semPlot.
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3. Results

The results of the study are analyzed in two steps: main component analysis, confir-
matory factor analysis.

3.1. Main Component Analysis

The initial data exploration reveals that some students did not want to participate by
answering the questionnaire, so the valid sample consisted of 319 students, as shown in
Table 6. Forty-one percent of the respondents were male, while 59% were female. Regarding
the type of institution, 49% came from Universities, 13% from Professional Institutes, and
38% from Higher Level Technical Training Centers.

Table 6. Number of participants by gender and type of higher education institutions.

Type of Institution Male Female Total

University (UNIV) 59 97 156
Professional Institute (PI) 26 16 42
Technical Training Center (TTC) 46 75 121

TOTAL 131 188 319

The responses were analyzed according to a Likert scale from 1 to 7, where 1 was
strongly disagree and 7 was strongly agree (Table 7).

Table 7. Levels of response in pilot test application.

Meaning Abbreviation Answer

Totally Disagree TD 1
Strongly Disagree SD 3
Disagree D 3
Neither agree nor disagree NAND 4
Agree A 5
Strongly agree SA 6
Totally Agree TA 7

The collinearity of the variables was investigated using a Pearson correlation matrix.
When using the matrix determinant, a p-value of 0.01 was achieved. This indicates that
the set of variables in the correlation matrix has a high level of collinearity. Bartlett’s
test of sphericity was employed for multicollinearity assumptions, yielding a p-value of
0.0001; and the Kaiser–Meyer–Olkin (KMO) sample adequacy measure provided a value of
0.93. A main component analysis was carried out based on these findings. Two criteria
were analyzed to extract the components: the parallel analysis, which suggested three
components, and the variance percentage criterion, which took the variance explained by
the three components suggested in the previous analysis. The results of the first oblique
rotation are summarized in Table 8.
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Table 8. Matrix of rotated components for the first analysis with the 13 questions.

Components

Questions 1 2 3

Q09 0.80
Q12 0.77 0.37
Q08 0.73 0.35
Q13 0.69 0.47
Q04 0.66 0.55
Q02 0.57 0.51
Q03 0.51 0.43 0.51
Q05 0.76
Q07 0.45 0.68
Q10 0.44 0.65
Q06 0.59 0.54
Q11 0.54 0.54 0.32
Q01 0.53 0.37

Then, after three rotations, the items with comparable scores in more than one dimen-
sion were removed, affecting the total variance explained. Table 9 shows the final findings
of the rotated components, which exclude items 1 and 3.

Table 9. Final matrix of rotated components with 11 questions.

Components

Questions 1 2 3

Q12 0.79 0.40
Q13 0.76 0.34
Q10 0.67 0.42
Q08 0.64 0.48
Q07 0.62 0.54
Q11 0.61 0.35 0.44
Q04 0.81
Q09 0.40 0.74
Q02 0.68 0.35
Q05 0.81
Q06 0.37 0.76

The final version of the instrument was created based on the results collected. Two
questions (Q01 and Q03), as well as two categories (information organization and team-
work), were removed. The Planning category was moved to the KCT dimension. The
last 11 topics were divided into three categories: Component 1 (Open Learning), which
included six questions; Component 2 (Information Management), which included two
questions; and Component 3 (Knowledge Creation and Transfer), which included three
questions.

The reliability analysis of the instrument yielded a Cronbach’s alpha coefficient = 0.92,
which is considered very good according to Landero and González [38]. The analysis for
each component was as follows: IM component α = 0.87; KCT component α = 0.79; and
OL component α = 0.90. The final version of the questionnaire contains 14 questions, 11 of
which correspond to a seven-level scale, and one to the scale: Yes/No (but I know it)/I do
not know it; one corresponds to the frequency: Every day, two hours or more/Every day
less than two hours/A few times a week/A few times a month/Never; and one question
has answers of the type I learned: alone (a)/with my teachers/with my family/with my
friends/I do not know how to do this.

The final structure of the B-PLE instrument with three validated components, which
explain 72% of the total variance, is presented in Table 10.
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Table 10. Components, categories, and questions of the final version of the B-PLE instrument.

Components Categories Questions

Open Learning
Open learning Q08, Q10, Q11
Motivation Q05, Q09
Knowledge transfer Q06

Information Management Digital Identity Q03
Information search Q04

Knowledge Creation and transfer
Information processing Q02
Knowledge construction Q01
Planning Q07

In terms of component correlations, a weak positive correlation was found between
IM and KCT (rs = 0.48, p < 0.001) and a moderate positive correlation between IM and OL
(rs = 0.57, p < 0.001) and KCT and OL (rs = 0.60, p < 0.001).

3.2. Confirmatory Factor Analysis

A Confirmatory Factor Analysis (CFA) was performed to validate the results of the
psychometric properties obtained from the principal components analysis. This technique
is considered a type of structural equation modeling (SEM). Its purpose is to analyze the
structure and conformation of items and indicators of a previously hypothesized latent
variable [39] and to represent their relationships with observed or indicator variables [33,34],
to confirm that all questions fit the proposed model [27,35].

In the CFA, subjects’ scores on each item are due to an unobserved variable (or latent
factor), which explains the variability of scores on each item. It is likely that the latent
factor does not fully explain the variability of responses on each item; this unexplained
situation is known as measurement error [40]. The CFA was carried out in three stages:
(i) proposal of the measurement model; (ii) analysis of indices and goodness-of-fit criteria
of the model; and (iii) re-specifying the model.

Stage 1. Measurement model proposal
According to the results obtained in the principal component analysis, the proposed

model is composed of 11 observed variables, grouped into 3 latent variables: IM, with two
questions; KCT, with three questions; and OL, with six questions (see Table 10).

Stage 2. Analysis of the indexes and goodness-of-fit criteria of the model
In this stage, the structural equation modeling methodology was used, implemented

in the lavaan package of the R Studio statistical software. This package is used to ana-
lyze multivariate statistical models, CFA, structural equation models, and growth curve
models [41].

The procedure consists of analyzing the covariance structure to confirm that the
measurement model matches the proposed model structure by comparing two covari-
ance structures: the covariance matrix was obtained from the observed variables and the
covariance matrix that the model reproduces [42].

To load the model, the notation presented in Table 11 should be considered:

Table 11. Notation for the creation of lavaan models.

Syntax Description

=~ Latent variable
~ Regression
~~ Co-variance between errors or variance of the indicator
~1 Intercept

The proposed model can be represented in the statistical software R Studio with the
following notation:

Model1 <-’IM =~ Q03 + Q04
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KCT =~ Q01 + Q02 + Q07
OL =~ Q05 + Q06 + Q08 + Q09 + Q09 + Q10 + Q11’.
By complementing the lavaan package with the semPlot package, it is possible to

graphically represent the proposed conceptual structure, as shown in Figure 2. The ovals
represent the three latent variables (or constructs), and the squares represent the 11 ob-
served variables, which together make up the dimensionality of the instrument. The
bidirectional arrows represent covariances between the latent variables. The latent vari-
ables’ influence on observable variables is represented by the unidirectional arrows.
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To analyze the model fit, there are different indices and criteria. The first goodness-
of-fit index is the χ2 (Chi-square) statistic, which is proposed to represent the point of
best fit or the minimum discrepancy between the compared matrices [43]. With this index,
the overall fit of the measurement model is evaluated. The model has an acceptable fit
if the Chi-square/gl values are 2 to 3 and with limits up to 5 [35]. This statistic is very
sensitive when used in samples with more than two hundred subjects. In these cases, it is
suggested to omit the χ2 interpretation and evaluate the model fit with other goodness-of-fit
indices [34,42,44,45], which are explained below.

The Comparative Fit Index (CFI), developed by Bentler [46], compares the χ2 discrep-
ancies between an independent model that maintains that there is no relationship between
the variables in the model and the model proposed by the researcher [40]. CFI values
range from 0 to 1. If the CFI value is greater than 0.90, it is considered a reasonable fit
between the model and the data [42]. The unnormalized fit index (NNFI), also known as
Tucker–Lewis index (TLI), considers the complexity of the model by comparing the degrees
of freedom of the independent model with those of the proposed model. TLI values vary
between 0 and 1. Values greater than 0.9 are considered as a good model fit. Values greater
than 1 indicate an overparameterization of the model [34]. The root mean squared error
of approximation (RMSEA) refers to the amount of variance not explained by the model
per degree of freedom [40]. It is interpreted as the absolute measure of the difference
between the relationship structures between the proposed model and the covariances in the
measured population [47]. When the RMSEA presents values less than 0.10, it is considered
a reasonable fit between the measurement model and the structure of the data. If the
RMSEA is less than 0.05, the fit is superior; if the RMSEA value is less than 0.01, the fit is
outstanding [42]. Another index used is the RMSR, which analyzes the absolute measure
of the differences between the elements of the covariance matrix reproduced by the model
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and the covariance matrix derived from the observed sample data. It is interpreted in its
standardized version, known as SRMR. If this value is less than 0.05, it is considered a
reasonable model fit [42]. The summary of the indicators analyzed is presented in Table 12.

Table 12. Indicators used to analyze the adjustment of the model.

Indicator Acceptable Adjustment Levels

χ2 Max. 5 degrees of freedom
CFI >0.90
TLI >0.90
RMSEA <0.10 reasonable; <0.05 superior; <0.01 outstanding
SRMR <0.05

In addition to the indicators analyzed, Herrero [40] suggests that it is necessary
to consider the standardized variances and covariances, to corroborate that there is no
negative variance (Heywood cases) and that none of the correlations between the variables
of the model exceeds ±1. If this happens, the results of the model are invalidated, because
it offers a solution that is not possible (negative variance or correlation exceeding ±1).

The inspection of the goodness-of-fit indicators associated with the proposed model is
presented in Table 13.

Table 13. Goodness-of-fit indicators for the proposed model.

Model χ2 Df P CFI TLI RMSEA SRMR

Model1 172.893 41 0.000 0.93 0.91 0.085 0.047

As can be seen, the proposed model complies with the minimum parameters suggested
in each goodness-of-fit index, except for the χ2 indicator, which, in the case of samples
with more than 200 subjects, it is suggested to omit.

Stage 3. Re-specifying the model
Although the indicators are acceptable, it is possible to analyze the relationships

of the original proposed model and evaluate whether it is possible to improve them by
reviewing the modification indexes option. Table 14 presents some of the values of the
output obtained with the modindices function, available in the lavaan package. Each
row indicates the amount by which the χ2 value would decrease if any of the proposed
relationships were included. For example, the first row (Q10~~Q11) suggests that there
would be a 42-point change in the χ2 value (the current value is 172.893). The two questions
pertain to the same latent variable. The difference between the two is that the context
changes. Q10 refers to activities with ICT use in class period, while Q11 refers to activities
with ICT use outside class time. This could be one of the reasons why this correlation in
measurement errors between the two variables is suggested.

Table 14. Summary of change rates output.

Lhs Op Rhs Mi

Q10 ~~ Q11 42.185
IM =~ Q10 32.257
IM =~ Q05 25.732

Q04 =~ Q10 22.903
Q07 =~ Q06 17.387
IM =~ Q07 13.625

Q04 =~ Q07 13.580
Q04 =~ Q05 12.144
OL =~ Q02 11.807
Q05 ~~ Q10 11.410



Sustainability 2021, 13, 8736 12 of 17

The new evaluation model would be as follows:
Model2 <-’IM =~ Q03 + Q04
KCT =~ Q01 + Q02 + Q07
OL =~ Q05 + Q06 + Q08 + Q09 + Q10 + Q11
# Error correlation
Q10 ~~ Q11’
With the re-specification of the model, a modification index was obtained that reduced

the χ2 value by 42 points, improving the rest of the global goodness-of-fit indexes of the
empirical model, complying (as with model 1) with four of the five proposed indicators. The
comparison of the goodness-of-fit indicators associated with the two models is presented
in Table 15.

Table 15. Goodness-of-fit indicators for the two proposed models.

Model χ2 Df P CFI TLI RMSEA SRMR

Model 1 172.893 41 0.000 0.93 0.91 0.085 0.047
Model 2 132.660 40 0.000 0.95 0.94 0.069 0.044

In Figure 3, the graphical representation of model 2 is presented. Some changes in
the values of the regression coefficients are observed, compared to model 1 (see Figure 2);
and a covariance relationship of 0.40 emerges between the error terms of variables Q10
and Q11. This implies that both observed variables share an alternative source of variance,
different from the latent variables of model 2 [42].
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The regression coefficients are understood as follows. The first two values from left to
right (0.60 and 0.84) are interpreted as the influence of the latent variable IM on the observed
variables Q03 and Q04. This implies that when the latent variable increases by one unit,
Q03 (Digital identity) and Q04 (Information seeking) increase by proportions of 0.6 and
0.84, respectively. For the rest of the latent variables the same analysis is followed. When
the latent variable KCT increases by one unit, the observed variables Q01 (Knowledge
construction), Q02 (Information processing), and Q07 (Planning) increase in proportions of
0.73, 0.82, and 0.70, respectively. Finally, when the latent variable OL increases by one unit,
the observed variables Q08, Q10, and Q11 (linked to the category Open-ended Learning)



Sustainability 2021, 13, 8736 13 of 17

increase by 0.71, 0.77, and 0.78, respectively, while the observed variables Q06 (Knowledge
transfer), Q05, and Q09 (linked to the Motivation category) increase by 0.75, 0.80, and
0.82 respectively, when the latent variable OL increases by one unit.

To confirm the accuracy of the results, the coefficient omega, a reliability estimator
used in multidimensional factorial models [48–50], was calculated [51]. This indicator is
suggested because of its higher sensitivity compared to other estimators [52], its resistance
to sampling in heterogeneous populations, and the reduced risk of overestimation of
reliability [50,53].

Using the MBESS library and the ci.reliability function of the statistical software R
Studio, the result shown in Table 16 is obtained.

Table 16. Output ci.reliability function for the Omega Coefficient.

$est

[1] 0.9150344
$se

[1] 0.01105104
$ci.lower

[1] 0.8933201
$ci.upper

[1] 0.9346272
$conf.level

[1] 0.95
$type

[1] “omega”
$interval.type

[1] “bca bootstrap”

According to the results obtained for the coefficient, the instrument has an internal
consistency of 0.91; additionally, according to the level of confidence, there is a 95 percent
chance that the true value of omega is found in the interval (0.893, 0.934).

To be considered an acceptable level of confidence, the omega coefficient must be
between 0.70 and 0.90 [51,54,55].

4. Conclusions

As a result of technological disruption, the incorporation of the virtual dimension
into human activities is causing a cultural transition, characterized by a new generation
of citizens who grow up in both physical and virtual environments, which some authors
refer to as the space of flows [56] or a resonant interval [57]. The two-dimensional citizens
of the cultural transition are facing an unprecedented moment in human history: they
are working so that machines tend to think better than they do, making the differences
between mind and consciousness increasingly blurred [58]. Perhaps it is the journey of no
return to what Kurzweil [59] enunciated as a technological singularity, whose ontological
foundations lie in transhumanism [60,61].

These trends create new needs, that require the redefinition of roles and new sce-
narios in higher education in order to address the human formation of two-dimensional
citizens who are already transcending the traditional modern classroom’s time and space
constraints by actively incorporating cyberspace into more autonomous and self-regulated
learning processes.

In this regard, several studies have related the use of ICTs with improvements in
student learning and performance, showing that favorable attitudes towards the use of
ICTs can influence the development of their PLEs, to build ecosystems that allow them to
develop in physical and virtual scenarios, being able to self-regulate in formal and informal
environments throughout their lives [62–67].

The validation process of an instrument (B-PLE) for the study of PLE in higher ed-
ucation students in the Biobío region of Chile was detailed in this context. A PLE is a
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frame of reference that can help to understand how the two-dimensional citizen is able
to influence and be influenced by social systems, natural and artificial, in which he or
she is required to fulfill needs as a subject . . . singular needs on a local scale and global
needs as a member of a global culture [7,68]. Knowing more about students’ PLE will
enable educators to design training paths that are tailored to their needs, including open
learning, information management, and knowledge generation and transfer [69,70], stimu-
lating their self-regulated learning in formal and informal environments throughout their
lives [65,71], so that they are able to cope in uncertain work and social scenarios, as a result
of technological disruption.

Regarding the B-PLE instrument, as a result of a meticulous design and validation
process, a final version was obtained consisting of 11 questions grouped into three principal
components (OL, IM, KCT) that explain 72% of the total variance. Expert judgment, a pilot
sample, a principle components analysis, and a confirmatory factor analysis were all used
in the validation process. Two psychometric tests were used to determine the primary
components: The p value of 0.0001 (significant) was obtained using Bartlett’s sphericity test
(to guarantee that the correlation matrix is not the same as the inverse or identity matrix).
The total alpha of the instrument was = 0.92. Five goodness-of-fit indices were employed
to assess the suggested model’s fit: χ2 (Chi-square), RMSEA, CFI, TLI, and SRMR. Except
in the case of χ2, the findings were favorable, as four suitable values could be obtained in
the indices described.

Despite the international importance of the PLE concept, little research on the char-
acteristics and perceptions of students in their personal learning environments has been
conducted in Chile and Latin America [22,70,72]. We anticipate that by publishing this
work we will be able to contribute with an instrument that can be used by other researchers
in various settings to validate the final components linked with the PLE presented in this
preliminary line of research and to investigate the findings in greater depth.

Finally, another component of this study is the prospect of undertaking research
that will help to rebuild the notion of PLE in the Chilean and Latin American context by
incorporating the possibilities afforded by artificial intelligence and Web 4.0.

5. Limitations

It is possible that running a PCA plus a CFA will result in the factors being overfit-
ted [73,74]. The factor structure discovered should be replicated in future investigations.
Furthermore, the ability to acquire fresh data will enable the creation of a nomological
network to test the new scale with theoretically related constructs like learning success.
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