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Abstract

Despite a growing body of research literature in gamification models, there is little systematic analysis
and understanding of what makes up effective approaches to gamification. While generally positive,
the impact of gamified interventions on student participation engagement depends on whether the
student is motivated intrinsically or extrinsically. Self-Regulated Learning skills of time management,
metacognition, critical thinking, and effort regulation were found to have significant positive
correlations with academic success in online settings and to improve students’ satisfaction and
learning persistence. These strategies can be taught to students and promoted by learning
environments. Gamification as an educational strategy can contribute to developing these skills. In this
paper, we present a review of adaptive gamification models for Higher Education and analyzed how
they integrate Self-Regulated learning skills.
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1 INTRODUCTION

Gamification is the application of game elements to non-game environments [1] to promote learners'
engagement, action, learning, and problem-solving skills [2]. The growing interest in this strategy has
encouraged researchers to study the real benefits of gamification in educational contexts. The results
of several of these studies show a globally positive impact on engagement and motivation [3, 4].
However, different authors have pointed out the need to address learners’ contextual and personal
differences [5, 4], which lead to the growing interest in research on adaptive gamification, i.e.,
gamification systems tailored to different learners. This approach seems to optimize gamification
effects when compared to the “one size fits all” design of standard approaches [6].

From a socio-constructivist perspective, gamification benefits can be assessed beyond engagement
and motivation. Like [7] we consider that certain elements of gamification have the potential to improve
self-regulation and metacognition skills in learners.

Zimmerman [8] defines Self-Regulated Learning (SRL) as the ways students control their thoughts,
feelings, motivation, and learning behaviors planned and cyclically adapted to the accomplishment of
their academic goals. This definition considers learning as the result of what happens when students
are actively and strategically engaged in learning and not something that happens in reaction to
teaching activities [9]. SRL is not a fixed trait that some students possess and others don't. It is a set
of skills that can be taught to students [10] and developed through experience and real-world practice
[11]. These skills allow the student to concentrate on a given task, to explore the task’s elements and
the conditions for completion. To establish goals and select the proper strategies, learners need to
identify their current position within the ongoing educational process and use the resources available
to them [11].

The relationship between SRL and academic achievement has proven to be significant and positive.
Different studies confirm that those who exhibit higher metacognitive awareness achieve higher
performance over the long term than those that do not [11, 12, 13]. As Zimmerman and Schunk's
research has shown [14, 15] self-regulators tend to set better learning goals, implement effective
learning strategies, monitor and assess their goal progress, establish a productive environment for
learning, seek assistance when it is needed, expend effort and persist better.

Since for many years SRL has been an important topic of research, there are currently different
frameworks and systems of categories of SRL strategies that learners can apply to regulate their
learning. For instance, Pintrich model [16] considers (i) cognitive strategies in the acquisition, storage,
and retrieval of information, such as rehearsal, critical thinking, organization, and elaboration; (ii)
metacognitive strategies to plan, monitor, and regulate their learning process to accomplish a goal,
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like goal-setting, strategic planning, self-monitoring, and self-evaluation; and (ii) resource management
strategies to manage the learning environment and external resources like time management, help-
seeking, effort regulation, and organizing the study environment. Zimmerman'’s initial model [17] is a
14 categories system of strategies composed by self-evaluation; organizing and transforming; goal-
setting and planning; seeking information; keeping records and monitoring; environmental structuring;
self-consequences; rehearsing and memorizing; seeking social assistance peers; seeking social
assistance teachers; seeking social assistance adults; reviewing records tests; reviewing records
notes; reviewing records textbooks.

Feedback is an important pedagogical element that contributes to metacognition awareness and SRL
skills training. The feedback system provided by Gamification strategies is usually done in rapid cycles
that can stimulate the reflection of learners' awareness about their learning process and maintain a
positive relationship with errors. In gamification, errors and failure are seen as steps on the journey of
practice, experience, reflection, and learning [3].

In research on strategies to support learners' online education, [18] created a system of categories
that combines different theoretical perspectives on SRL. This system includes (i) goal-setting (setting
educational goals or sub-goals); (ii) strategic planning (sequences, timing, and completion of activities
directed at learning goals); (ii) self-evaluation (setting quality standards and criteria for progress; (iv)
task strategy (organizing, planning, and transforming one's own study time and tasks; (v) elaboration
(combining new knowledge with prior knowledge and constructing meaning from learned materials);
and (vi) help-seeking (asking the instructor or peers for help, or consulting external help and
resources).

In a study about SRL strategies and Gamification and [12], the following categories were identified: (i)
self-monitoring and reflection: in games, rewards can engage students in self-monitoring and
reflection; (ii) planning and strategy: game elements can help students to practice planning, consider
the resources they need and how to apply them; (iii) self-evaluation and assessment: rewards can be
based on the frequency of self-assessment like self-evaluation quizzes, and use of comparisons; (iv)
collaboration and group dynamics: social dynamics including exploration, collaboration, and
competition, game dynamics that engage users in team or group related activities; (v) game
aesthetics: game aesthetics that convey feelings of autonomy and competence.

In this paper, we present a review of the research literature about adaptive gamification systems for
Higher Education. Our review aimed to understand how adaptive and/or personalized gamified
learning systems can help higher education students develop Self-Regulated Learning Strategies.
This was achieved by a meta-analysis of the selected papers from a theoretical framework of
strategies that can promote the development of self-regulated learning skills to be developed.

Our research objectives are:
e O1. To understand if SRL skills are part of adaptive gamification systems in Higher Education;

e O2. To identify strategies for SRL encouraged in current adaptive gamification models for
Higher Education;

We aim to achieve these objectives by answering the following questions:

e Q1. How adaptive gamification models in higher education promote the development of SRL
skills?

e Q2. Which SRL skills are explicitly important in adaptive gamification systems?
¢ Q3. How do these skills relate to the elements of the game?

The rest of this paper is as follows: in section two, we describe the research methodology and the
procedures for the conducted review; in the next section we present the results of our review and try to
answer the research questions; and, finally, we present our main conclusions.

2 RESEARCH METHODOLOGY

The first step of the review was to select the databases and queries for the search. We decided to use
only major scientific digital libraries of peer-reviewed papers (Science Direct, IEEE, Web of Science,
and Google Scholar) and the search string: ("Adaptive Gamification” OR "Personalized Gamification”)
AND ("Higher Education”). We limited the query to the last 5 years (2015-2020) to retrieve the most
recent developments in this area. This originated a large initial number of references and it was
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necessary to remove references that did not match our purpose. This search was performed in April
2020 and the first result numbers are presented in Table 1.

Table 1. References initially selected from each library.

Science | -pp WoS | Scholar | Total
Direct
55 2 16 30 103

The second step was the selection process of the papers found. For this round, we excluded papers
without not describing a framework or model for adaptive gamification, papers about gamification but
not adaptive gamification, papers about adaptive systems but not gamification, and papers for
educational levels other than higher education. After this procedure, our list had 20 relevant papers
published in peer-reviewed journals or conference proceedings from 2015 to 2020.

All papers were analyzed through the lenses of our research questions. For each paper, we identified
applicable concepts within the literature. The emerging categories of SRL strategies have been: (1)
Self-assessment; (2) Feedback; (3) Error management; (4) Hints/Guidance; (5) Collaboration; (6)
Goal-setting; (7) Progress visualization.

3 RESULTS

3.1 SRL strategies in adaptive gamification

3.1.1 Feedback

Feedback is the most common element in adaptive gamification models [20, 23, 25, 27, 28, 30, 33, 34,
35] that can contribute to the development of students’ metacognition awareness and monitoring of
learning. In [20] the authors describe a framework for user-centered gamification where feedback
returns relevant information to the user and generates an engagement cycle. This cycle increases
students’ motivation to perform a certain activity that provides feedback and this feedback reinforces
their motivation to perform new activities. Besides this, badges and rewards also have a feedback
effect reinforcing the defined rules.

In research by [25], the element of adaptivity in gamification is feedback itself. An intelligent instructor
provides adaptive feedback to the collaborative behavior of the students. The results of the
experiments performed showed that the adaptive feedback significantly improved the performance of
the students. Adaptive feedback is also the focus of [23] where an engine monitors the state of the
learner’'s session and compares it to the states defined. Whenever a match is found it activates the
corresponding action.

Quality of feedback provided is a concern in other papers. The model by [27] uses the theoretical
guideline of providing positive, competence-related feedback. The authors state that feedback should
be meaningful and positive, and should make the user feel capable and not perceived as a
punishment [27, 35]. Immediate and positive feedback is also a guideline for adaptive gamification
[33].

Feedback can be directed to certain behaviors or derived from a task [34]. A good feedback system
can provide the player with more useful information instead of telling them whether what they did was
right or wrong. It is even better if the feedback provides information on how to solve the problem and
gain insight into how to solve such problems in the future [28]. Another function of feedback is to help
users know how much progress they've made [29].

3.1.2 Progress visualization

Another common element in adaptive gamification models that can improve Self-Regulated learning
skills is progress visualization and activities mapping that helps the student to be aware of what needs
to be done. In the case of KOLEGEA [19], participants acknowledged that both the prospect to
achieve medical expertise badges for KOLEGEA activities, as well as the clear mapping of their
KOLEGEA activities to the competencies motivate them to use the platform. The possibility to
visualize the user’s evolution over time, helps the student to feel that he is progressing in the learning
process [20].
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Table 2. Adaptive gamification systems reviewed

System Subject 1 2 3
KOLEGEA [19] Medical training
5W2H [20] Algorithms .
[21] Software Engineering
AGLS [22] Computer Science
[23] Data Structure . .
[24] Computer Science
[25] Computer Science .
[26] Computer Science
[27] Software Engineering . .
Cubicle [28] Engineering . . . .
[29] - .
[5] Software Engineering
[30] . .
AdaptWeb [31] .
[32]
Topolor 2 [33] . .
[34] Dynamic Web-Based Systems| ¢ . .

and Collaborative Filtering

[35] Technical English . .
[36] - .
[37]

(1) Feedback; (2) Error management; (3) Hints/Guidance; (4) Collaboration; (5) Progress
visualization; (6) Strategical planning;

Progress visualization is also a form of feedback. An important part of providing feedback to users is
to let them know how much progress they've made, either in-game or learning [30]. This can also
generate a sense of progress, competition, and achievement [31].

The visualization of progress can include rankings, social status, and comparisons [31, 33]. Topolor 2
supports various visualizations of individuals and communities for students to feel competent and
related and the AdaptWeb homepage shows the top five students. Leaderboards can also be used for
visualization of individual progress and students’ public ranking [36].

3.1.3 Hints and guidance

The resource to hints and guidance given to the user is present in some papers. This can happen in
the form of adaptive incentives, as the user is pointed to the next most feasible action based on the
smallest point gap to the next achievement [20], or to adjust the game difficulty for individual users
[28]. A good hint system could reduce a player’s frustration and increase their engagement. In another
research, a feature was implemented to guide the teacher [23]. This system helps to identify the
doubts of the learners and helps teachers to reflect upon their lessons.

In [36], the adaptive system detects user disengagement, sends an alert to the adaptation engine
before the user leaves. When the adaptation engine receives an alert about the low engagement level,
it updates the information of the player model in the same base, selects the functionality which best
fits the user’s needs, and introduces it in the learning environment.

3.1.4 Collaboration

The KOLEGEA platform [19] aims to support physicians in training through online sharing of medical
patient cases (anonymized) from their work practice. Additionally, the platform offers to join learning
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groups, add articles and comments to the forum as well as explorative search queries through a
knowledge browser.

Collaborative learning and social interaction are also promoted by [27]. This system is aimed to gamify
a computer-supported collaborative learning environment used by software engineering students who
practice working as engineering teams.

Another proposed system values [34] the opportunity to discover and join learning communities, the
connection of interest and goals between students and communities, tools for interaction,
collaboration, discussion and mutual assistance.

The interaction between users is considered as competitions and cooperations [20] that should be
reinforced. The student's communication with others or with the teacher is important to measure their
engagement.

3.1.5 Error management

In Cubicle [25], students are encouraged to self-directed learning via a trial-and-error approach and
new levels or game mechanics provide tutorials and in-game assistance for players to facilitate the
learning process.

3.1.6 Strategical planning

The system Cubicle promotes strategical planning by students while learning about spatial
visualization. The game starts with the player trapped in a dungeon maze. The player starts from a
large center room with multiple smaller adjoining rooms. To escape, he needs to navigate through the
maze and unlock all the rooms. A chain of locked rooms contains different levels in that game module.
Finishing the game task in the room is the only way to unlock the door to the next room.

4 CONCLUSIONS

In this paper we aimed at identifying adaptive gamification that can promote self-regulated learning in
Higher Education Students with the premise that these skills can not only increase students'
performance but are also transferable to other contexts of life-long learning. We conducted a literature
review to screen research papers describing adaptivity models and to conduct a meta-analysis from
the SRL perspective. We conclude that adaptive gamification models can include incentives for the
development of SRL skills. Currently, this happens mostly through feedback and progress
visualization.

Feedback can be delivered immediately, by points and badges and can be directed to the task or
behaviors. The quality of feedback must not be neglected for it to be effective in helping the students
to gain awareness of their strengths and to assist the educational strategic planning. Progression
visualization is another strong benefit from gamification. Whether by leaderboards, progress bars, or
communities, students can improve goal-setting, time-management, resources management.
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