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Abstract: This paper seeks to identify the characteristics of studies of self-regulated learning that
consider the use of technology-enriched environments in higher education. To this end, a review was
conducted of the scientific literature during the period 2015-2021 in various scientific databases. The
analysis identified 42 research papers that met the inclusion and exclusion criteria. The results show
that this topic has been gaining interest among researchers and the main strategies developed to
self-regulate students in academic virtual environments. On the other hand, classical self-regulated
learning models underpin most of the studies reviewed; Zimmermann'’s approaches, or those derived
from his work, are the most frequent. As regards the methodology adopted, the preferred focus is
quantitative; the questionnaire is the most used for data collection. Most of the research was carried
out with students studying for different university degrees; the most-analysed technology tools were
LMS platforms.
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1. Introduction

The concept that students are active agents that have become the centre of the teaching-
learning process is a powerful idea in research related to educational technology. In
technology-enriched learning environments, one of the keys to achieving learning goals
lies in the autonomous management of a skill set that contributes to such an achievement.
This is a set of transferable skills that are usually related to the concept of self-regulated
learning (SRL). The concern lies in the student controlling his/her own learning process, a
topic that began to be researched in the mid-1980s [1].

Carneiro et al. [2] differentiated between two forms of the concept of self-regulated
learning: one, which is more restrictive, refers to the self-regulation of learning processes
by the student himself/herself to carry out a given task (where more didactic strategies
would come into play in formal educational contexts), oriented, therefore, at autonomy
in the process; and another, broader one is equivalent to self-directed learning and refers
to taking the initiative and responsibility in selecting, managing and assessing their own
learning activities, which may occur at any time, place, age and through any means (which
may include informal learning processes), oriented more at learning to learn [3-5].

The purpose of this study was to seek models that will contribute to representing
aspects of self-regulated learning in technology-enhanced learning environments, espe-
cially in the second sense. Classical works on self-regulated learning by Zimmermann and
others [6-13] have given rise to various models for representing self-regulated learning
but only where technology was not yet a consideration. Among them, those by Zimmer-
man [14] and Pintrich [9] may be considered leading studies and have strongly influenced
later ones. Both models are based on socio-cognitive postulates, and both of them explain
self-regulated learning as a cyclical process, influenced by context, where the process is
organized into phases in which cognitive, meta-cognitive and motivational strategies are
selected and combined but always in conventional environments.

Sustainability 2021, 13, 7281. https:/ /doi.org/10.3390/su13137281

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-2436-0468
https://orcid.org/0000-0002-3043-8455
https://doi.org/10.3390/su13137281
https://doi.org/10.3390/su13137281
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13137281
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13137281?type=check_update&version=1

Sustainability 2021, 13, 7281

20f12

The interest in studying aspects of autonomous learning that began in the 1980s
crystallised into a research trend focused on self-regulation and from which several various
models inspired by various theoretical approaches arose [15]. Papers on self-regulated
learning based on Bandura’s socio-cognitive theory have had the greatest impact, and of
all of them, those by Zimmerman [14] and Pintrich [9] are the most widely used, especially
regarding early educational stages.

These models share certain characteristics: self-sufficiency is an essential variable for
both models; the presence of a feedback or review model in which the students control
the learning methods and strategies or the reasons why students choose a certain strategy
during the self-regulation process are others [15,16]. However, they also show certain
differences: while Zimmerman’s model [14] shows greater explanatory power and has
been the predominant model in research in the field of education when working with
teachers, the model proposed by Pintrich [9] includes the link between the cognitive and
affective-motivational factors that come into play during the learning process or highlight
the influence of the social context in which it takes place.

The conceptual complexity the self-regulated learning construct offers has stimulated
recent research into self-regulation of learning and about the models developed to explain
it in the information and knowledge society. One of the most comprehensive studies was
by Panadero [15]; it analysed and compared six models according to their implications for
education: Zimmerman; Boekaerts; Winne and Hadwin; Pintrich; Efklides; and that by
Hadwin, Jarveld and Miller.

However, it would be desirable to be able to determine to what extent technology-
enriched environments can foster the development of self-regulated learning. We therefore
believe it is of interest to offer an overview of recent research around this topic by analysing
the scientific literature in the form of a scoping review.

In the current university context, competency-based assessment aims to enable stu-
dents to be competent in the use of technological tools in their future professional perfor-
mance in a sustainable manner.

These skills, in the world of work, are essential for coping with lifelong learning. Based
on this idea, it is necessary that students learn to self-regulate in educational processes,
acquiring sustainable and long-lasting habits.

This paper aims to contribute to the identification and description of the scientific
literature on this topic in order to provide a starting point for other interested researchers.

2. Method
2.1. Search Sources

The search terms were identified from scientific papers, both in English and in Span-
ish, using various Boolean operators in databases to review the literature. The sources
selected are those listed below, given their significance in the field of educational research:
EBSCOhost, Web of Science, Scopus, ERIC and Dialnet. The search was restricted to the
years 2015-2021.

The descriptors used were: (self-regulat* OR “self regulat*”) AND learning AND
(techno* OR comput*). Although this review focuses on studies of “technology-enriched
learning environments” (TELE), we consider it preferable to use the terms derived from
“technology” and “computer”, since they have been more extensively used and show
greater stability over the time period adopted.

2.2. Inclusion Criteria

The criteria used in the search are specified in Table 1. Subsequently, in Figure 1, the
application of the criteria can be verified until the final sample is reached.
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Table 1. Specification of the inclusion criteria.

Inclusion Criteria

Years of publication. Articles included in the period 2015-2021.
Type of document. Research papers are included.
The topic encompasses the aims of the review.
The topic of the document refers to the self-regulation of learning.
The use of technological tools promotes self-regulation.
The population in which the research is undertaken is a university population.
Technology as an educational resource is a cornerstone of the research.

( )
Identification of studies via databases and registers ]
SR
c
o
®
& Records identified through Records after duplicates
= database searching (n=321) > removed (n=192)
-
—
Records screened Records excluded
(n=192) (n=94)
=]
£
=
[}
2
@
Full-text articles assessed Full-text articles excluded, with
(n=98) > reasons (n = 57)
'
2 Final studies included
= (n=41)
3}
£
—
N\ J

Figure 1. Search process.

2.3. Limits and Methodology of the Search

As has already been mentioned, the methodology adopted in this paper is a scoping
review. According to Pharm et al. [17], the purpose of a scoping review is to offer a map
or overview of the literature on a broad topic, without the need to carry out an extensive

review of data.
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This type of review has multiple uses, making it possible, among other things, to
reveal the need for future systematic reviews [18], as well as being useful for researchers
and professionals, offering, moreover, a guide for research [19].

Scoping reviews share with systematic reviews their rigour and their use of transparent
methods to identify and analyse the relevant aspects of the literature with respect to a topic
of interest [17,19]. However, a scoping review is broader in its coverage than a systematic
review, which seeks to compile evidence from a smaller number of studies [17,18].

As set out by the authors Armstrong et al. [19], a scoping review can serve to: ex-
plore the scope of the literature in a given field, without describing the findings in detail;
help to identify the appropriate parameters of a review; and identify the possibilities of
undertaking a systematic review, considering its cost.

This study was based on the model generated by the Joanna Briggs Institute [20]
which contains the following phases in preparing a scoping review: defining the aims
and questions; developing and listing the inclusion criteria with the aims and questions;
a description of the proposed focus for the search for evidence, selection, extraction and
graphics; search for evidence; selection of evidence; extraction of evidence; presentation
of the evidence in graphic form; summary of the evidence in relation to the aims and
question; and consultation with experts in documentation and libraries (over the course of
the process).

Research questions:

e  What are the characteristics of SRL researches who consider the use of Technology-
Enhanced Learning Environments (TELE) in higher education contexts?
Is there some area of knowledge where this type of studies is of greater interest?
Is there some type of methodological focus that is adopted by preference?
What technological elements have been the main focus of the research undertaken?

General objective:

To identify the characteristics of studies of SRL that consider use of TELE in higher
education contexts.

Specific objectives:
e To identify the areas of knowledge where the selected studies have been carried out;
e To know the methodological approaches adopted;
e  To determine the technological environments being studied.

2.4. Procedure

The review was carried out in different phases until it reached the end result. Initially,
a total of 321 studies were identified that matched the search criteria set. Thereafter, the
articles that were duplicated, due to being included in different databases used, were
discarded, leaving a total of 192. This number was reduced to 98 after discarding those
studies that, after a superficial review, did not mention self-regulation models or ICT or
because the topic was not related to education (94). After reading them in depth, a further
57 articles were excluded for various reasons (not focusing on the university sector or not
having a topic of study that fully matches the criteria adopted), which in the end reduced
the number to 41.

In the following diagram, prepared according to the PRISMA model (Figure 1), we
can see the process followed in searching for and refining the selected articles, according to
Mother et al. [21].

To examine the data, a protocol was used that made it possible to organise the charac-
teristics of each article. The analysis protocol collected information in the following fields:
(1) title; (2) authors; (3) year of publication; (4) framework and reference model; (5) phases
of self-regulation; (6) elements; (7) ICT strategies to promote self-regulation.

The following tools were then used to extract and organise the data:
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e Rayyan QCRI. Article dumping and classification by inclusion or exclusion criteria
using tags.
e Airtable. To make a database of articles and extraction of the most important aspects.

According to the results that fulfil the inclusion criteria, a table was prepared based
on the items in the protocol provided for analysing the data.

The models refer to the theoretical framework underpinning the reviewed research.
The phases are the different milestones involved in the self-regulation of learning. On the
other hand, during the process, we may identify a series of technological elements and
strategies that may serve to help the student.

As mentioned above, the aims of the papers analysed are based on promoting self-
regulation of learning in relation to ICT.

3. Results and Discussion
3.1. Selection, Extraction and Presentation in Graphic Form of the Evidence

This section answers the different research questions and analyses additional aspects
of interest.

3.1.1. Years of Publication of the Evidence Selected

Below are 41 papers from the selected sample (Table 2), in table form and ordered
chronologically. The search was made in December 2020 (although some publications from
2021 were already accessible, one of which was included in the end).

Table 2. Identification of studies by year of publication.

Year of Publication Reference n
2015 [22,23] n=2)
2016 [24-31] (n=8)
2017 [32-37] (n=6)
2018 [38—46] n=9)
2019 [47-56] (n = 10)
2020 [57-61] (n=5)
2021 [62] (n=1)

As can be observed, the highest number of publications was in 2019 (n = 10), followed
by 2018 (n =9) and 2017 (1 = 8). On the other hand, a slight fall in the number of publications
was witnessed in 2020 (1 = 5).

3.1.2. Context of the Studies

As regards contextualisation, specifically the university studies where the research
analysed was carried out, a cross-cutting approach prevails; most of it was carried out in
various faculties (n = 15). However, we found 22% of studies carried out in faculties of
Education (n = 9). This was followed by studies related to Computer Science (n = 5) and
Health Sciences (1 = 4) (see Figure 2).
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Figure 2. Areas of knowledge.

3.1.3. Research Methodology

As regards the methodological perspective adopted in the various studies, the quan-
titative approach is the most prevalent (n = 23). Mixed studies amounted to slightly less
than a third (n = 14), and only four were carried out using a qualitative methodological
option. Figure 3 shows their distribution in graphic form.

Qualitative
9.8%
Mixed
34.1%
Quantitative
56.1%

Figure 3. Research methodology.

The vast majority of the studies analysed use the questionnaire as the data collection
tool. This tool is used by both quantitative and qualitative studies, in this case, using
open-ended questions, where the topics of study may be expressed without restrictions.
Specifically, of the 41 papers analysed, a total of 22 used a questionnaire to collect informa-
tion. We may also observe that quite a few of the studies (1 = 10) used the standardised
MSLQ questionnaire or a variant to be able to verify the students’ level of self-regulation.
As regards qualitative studies, they adopted varied data collection techniques, such as
self-reporting, interviews, document analysis or a focus group.
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3.1.4. Technological Elements or Environments Used

The technological resources analysed in the research papers were grouped into five
broad categories: LMS (1 =29) (either standard ones or made by the institutions themselves);
learning environments designed with specific characteristics as tutoring systems, adaptive,
created to cover the specific needs of patients (in university degrees in health) or a virtual
reality environment (n = 5); application, specific web 2.0 programs (n = 3); e-portfolio
(n =2); MOOC (n = 2) (Figure 4).

30

20

10

LMS MOO0C Digital portfolio Specific learning Specific
environments applications or
programs

Figure 4. Technological resources and strategies used to promote self-regulation.

3.1.5. Self-Regulation Models

The research initiated by Zimmerman [11] was the forerunner in this field. The
concept of self-regulation is understood as a process consisting of self-generated thoughts,
emotions and actions planned cyclically to achieve personal goals [14]. The analysis
shows its theoretical influence on the development of the papers, along with other models
that have arisen from it (Figure 5). However, the documents mention more than one
conceptualisation to support the development of the research.

Firstly, it is necessary to say that the starting framework, in most papers, is not limited
to a single author or conceptualisation. The theoretical perspective most often mentioned
in the papers is the cyclical model proposed by Zimmerman [14] and its later revision [63]
(n = 25). According to this concept, self-regulation is organised around three phases:
anticipation, execution and self-reflection. Below is the model created by Pintrich [9]
(n = 15) based on four phases aimed at self-regulation of learning: anticipation, monitoring,
control and reflection. Both models represent the highest share of the papers analysed.
However, there are others, such as Bandura’s social-cognitive model [64] (1 = 8), the model
proposed by Winne and Hadwin [65] (n = 7) and Boekaerts’s heuristic model [6,66] (1 = 5).

Normally, these models offer the basis required by way of theoretical support for the
studies considered. Each of them implies a series of inherent presuppositions, though these
elements are not always made explicit.
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35.2%

Bandura’s Social-Cognitive
Model (1986, 1997)
11.3%

Pintrich's Model (2000)
21.1%

. Boekaerts's Model
(1991, 1992, 2011)
7.0%

Winne & Hadwin (1998)
9.9%

Figure 5. Self-regulation models.

The following table (Table 3) relates, in summary form, the factors that are clearly
expressed in the research: technology and SRL level assessment strategies. It should be
noted that the table does not seek to establish any kind of relationship but rather simply to
illustrate the findings in an orderly manner in the papers analysed in descriptive form.

Table 3. Self-regulation, technology and assessment models.

Technological Resources to Promote

Self-Regulation SRL Assessment Strategies

Reference Models

Infographics -Que;tlolnnalres
Virtual learning environments (LMS) Interviews wCi&tllf :he students
Zimmerman'’s cyclical model (2000) MOOC Interview with the teaching staff
%gr:f(; Cllfos Document analysis
-Portfolios
Virtual learning environments (LMS) Scales
Bandura’s social-cognitive model Tutorials Questionnaires
(1986, 1997) PLE Portfolios
Virtual reality
Boekaerts’s Heuristic Model (1995, 1996) Virtual learning environments (LMS) Questionnaires
Winne and Hadwin (1998) Virtual lea'rning envh;onments (LMS) Questionnaires
Intelligent tutoring system Scales
Pintrich Model Virtual learning environments (LMS) Questionnaires
(2000) MOOC Scales

The LMSs adopted by the institution are usually the most-studied technological
factor aimed at making it easier for students to achieve their aims and to achieve self-
regulation. That may be due, firstly, to their extensive presence in universities; also, and
as a result thereof, the teaching staff and students’ familiarity with and knowledge of the
environments and their tools would be determining factors. At all events, a large share
of the studies reviewed, albeit they discuss some technological resources, do not analyse
in detail the involvement of these elements in the various aspects of self-regulation nor in
how they are used or may affect regulation of learning.
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4. Conclusions

The review and analysis undertaken established that the topic has been progressively
gaining interest, which is evidenced by an increase in the number of publications that relate
the use of certain technological elements or environments as factors that may potentially
favour self-regulated learning (1 = 41), albeit there was a slight fall in the last year analysed.

The theoretical approaches adopted in the studies mostly refer to Zimmerman'’s
cyclical model [14] and that proposed by Pintrich [9] and their derivations. Both models
conceive students as active agents throughout the teaching—learning process.

The most prevalent technological factor, in analysing the models underlying the
various studies, is the LMS adopted by the institution. This may be due to its becoming
ubiquitous in universities and the degree of familiarity and knowledge of the teaching
staff and students of the environments and their tools. The paradigmatic example is the
platform Moodle which, according to Martinez-Sarmiento and Gaeta [49], includes the
elements necessary to promote the students’ self-regulated learning.

As regards the context where the studies analysed were carried out, those adopting
a cross-cutting approach prevail and were carried in different university degrees. That
may suggest a desire to seek to account for a phenomenon that inspires similar interest
in research in different areas of knowledge. However, within what might be expected,
studies carried out with Education students are also quite abundant, since self-regulation
of learning is a frequent topic of study in this area of knowledge.

In the review, case studies were located that show the importance of self-regulation in
students as a form of individual and group growth, introducing remote strategies [59].

Self-regulation in technology-enriched learning environments (TELE) presents many
challenges, particularly in relation to students” commitment, motivation, social connection
and feedback. However, insufficient papers were found that are concerned with studying
how various technological elements are related to said aspects.

Finally, we believe that the events derived from the health emergency caused by
COVID-19 have caused an increase in the use of technological environment as a teaching—
learning environment, which will surely entail an increase in studies related to the topic of
study treated.
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