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Abstract. Self-regulated learning (SRL) skills are essential to becoming self-di-
rected learner. However, in many learning opportunities, the main goal of learn-
ing is to master the subject knowledge, and there is difficulty for learners to real-
ize the importance of the benefit of SRL, such as to identifying weaknesses dur-
ing the learning process. In this research, we have designed a learning environ-
ment to support the process of generalization of SRL skills. In this learning envi-
ronment, learners are assigned as a role of mentor of pseudo-mentee agents (mir-
ror agents). Through the mentoring process, each learner monitors and controls 
the SRL of a mirror agent which has similar SRL weakness to the learner; the 
learners thus realize their own SRL weaknesses, promoting the generalization of 
SRL skills. We have used ontology to clarify the learning concepts and to utilize 
them to relate the design of the rational learning environment corresponded to 
the educational intention. 

Keywords: self-regulated learning, mentoring, metacognition, learning envi-
ronment, ontology. 

1 Introduction 

In the 21st century skill, independent learning skills such as skills for learning how to 
learn or metacognition are critical [2]. Self-regulated learning (SRL), which has been 
researched for decades, is one of the key concepts to elicit the autonomous learning. 
Self-regulation is the learners’ thoughts, emotions, and behaviors to regulate their own 
learning, with the aim of achieving their educational goals [8], and SRL is the process 
of learners’ self-regulation with response to cognition, learning behaviors, and learning 
environments for effective learning [7]. Zimmerman [4][5] proved that having SRL 
skills is an effective way to improve learning performance. 

Learning SRL through diverse learning contexts is requisite for acquiring SRL skills. 
Learning is the process where people change their thoughts or behaviors based on the 
acquisition of information, which requires the interpretation and transformation of the 
information [1]. In this study, learning SRL means the process by which learners mon-
itor and control their own SRL and grasp the meaning of SRL skills.  Mastering SRL 
is meta-level learning, the state of learning how to learn. In addition, learning SRL skills 
helps learners obtain further SRL skills; thus, learners should generalize the process 
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and benefits of SRL skills. However, learning SRL is a complex process; because learn-
ing itself is difficult, learning how to learn is much more complicated and requires 
higher cognitive load [6]. Therefore, it is significant to design a learning environment 
that can enhance learners’ generalization process for SRL skill and become self-di-
rected learners. 

In this study, we designed a learning environment to promote learning SRL skills. 
This research aims to answer the following two research questions: (1) How can a learn-
ing environment decrease cognitive load and elicit awareness of SRL? ; and (2) How 
can a learning environment support learners’ obtaining generalized SRL skills? 

2 Metacognition of Meta-level and Object-level in Second 
Layer 

Learning of SRL is not easy, especially for novice self-regulated learners, as it requires 
in learners higher cognitive load. The reason for this is the double structure of meta-
cognition, which can be divided into first and second layer (see Table 1), and each layer 
has an object-level task and a meta-level task.  

Learners’ SRL includes metacognition and requires the dual-task loads on their 
working memory [6]. When the object-level task is a difficult problem-solving task, the 
learner finds it harder to focus on the meta-level task. As shown in first layer in Table 
1, the dual-task loads mean that learners need to implement the object-level task (A) 
and the meta-level task (B) simultaneously. For instance, in the case of studying math-
ematics, learning by solving equations is the object-level task (A) and reflecting the 
solving process of the equation is the meta-level task (B). 

Learning SRL requires dual-task loads as well. As shown in the second-layer of Ta-
ble 1, learning SRL includes the object-level of second-layer tasks (A+B) and the meta-
level task (C). In the example of learning math, solving equations and reflecting on the 
solving process are object-level tasks (A+B), and adaptively applying a method for re-
flection depending on the type of equation or the learner’s knowledge is a meta-level 
task (C). It is significant that this research aims to support the learning of SRL, which 
has first-layer activities and second-layer object-level tasks (A+B) and demands the 
double meta-cognition of first-layer activities (A+B) and second-layer activity (C). 
Thus, although using SRL skills demands high cognitive load that makes it difficult, 
learning SRL skills also requires the double metacognition that burdens higher cogni-
tive loads and makes the implementation more challenging. In the following sections, 

Table 1. The relations of object-level and meta-level tasks in terms of SRL 

 Object-level Meta-level 

1st Layer Learning (A) SRL (B) 

2nd Layer 1st Layer Activities 
(A+B) Learning of SRL (C) 
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we will explain the structure of a learning environment that lessens the dual-task load 
of second-layer meta-level learning and eased the process of acquiring SRL skills.   

3 Mirror Agent 

In order to elicit awareness of the significance of SRL, we design the learning environ-
ment, in which learners are assigned to act as mentors and are assigned mentoring tasks. 
Though a variety of elements are included in the meaning of mentoring [3], for our 
purposes, the target aspect of mentoring is that mentors support mentees’ learning of 
how to regulate their learning. We posit that if the learning environment maintains a 
situation in which mentors focus on the learning of others’ regulated learning, and if 
this is transferred it to the mentors’ SRL, the mentors’ cognitive loads can be decreased. 
We believed that by creating a learning environment where mentors focus on their 
mentees’ acquisition of general regulated learning skills, this externalize the mentors’ 
second-layer object-level tasks and let them focus on second-layer meta-level tasks. 
Furthermore, we posit that if the mentees’ learning features are similar to those of the 
mentors, the mentors might gain a deeper comprehension of their own learning features 
and improve their own SRL skills throughout mentoring. 

We design the learning environment that provides learners with mentoring tasks 
through the use of pseudo learning agent (computer-generated virtual mentees) that ex-
hibit the mentors’ areas of SRL weakness. Pseudo learning agents are called mirror 
agents they reflect back the learning skills of each mentor. For example, when the mir-
ror agent consults about its learning issues, the SRL weak points behind the learning 
issues are reflected from the mentor’s SRL weakness.  

If the mentors realize that they share particular SRL problems with their mentees 
(mirror agents) while in the process of giving advice on how to improve their regulated 
learning, the mentors may take to hear their own advice. 

4 Design of Learning Environment 

4.1 Overview of Learning Environment 

The learning environment with mentoring tasks has been designed to promote learners’ 
generalization of SRL skills by means of reducing their cognitive load.  There are two 
learning agents in the learning environment: one is the mentor, whose learning goal is 
the learning of SRL; the other is the mentee (computer programmed pseudo agent), 
whose role is to mirror the mentor’s weak point. Figure 1 shows an overview image of 
the data flow in the learning environment, including learners’ and system activities. In 
the environment, there are three processes: A (A1−A5), where the system diagnoses a 
learner’s SRL; B (B1−B4), where the mirror agent consults with the mentor to address 
a weakness; and C (C1−C13), where the mentor/learner identifies and gives advice to 
address the mirror agent’s weakness in its regulated learning. The mirror agent is not 
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implemented as an autonomous agent but as a reactive agent that generates consulta-
tion/explanation utterances from a structure database of utterance template appropriate 
to the learner’s status/learning context.  

The following is the example of the activities of learners and mentees in terms of this 
mentoring activity. First, a mirror agent shows the consultation utterances (e.g, I cannot 
get a high score on the test!) to a learner. Analyzing the consultation, the learner try to 
find the SRL problem (e.g, Mirror agent demanding learning effect without thinking 
about characteristic of the subject.)  The learning environment provides problem op-
tions that is de-contexed description from a particular learning context. In this case, the 
learner is expected to select the option of “lack of knowledge about characteristic of the 
subject”. Next, the learner is asked to consider which advice is appropriate for solving 
the SRL problem that the learner selected, for example, “Have you asked someone who 
is good at studying the subject about how to get it?”. Then, the learning environment 
provides the option of advices in terms of SRL concepts such as “Promotion of 
knowledge acquisition activity about subject characteristics”. Through this mentoring 
activity that learners connect the consultation utterance and de-contexed utterance of 
problems/advice, the educational intention of this learner’s learning activity includes 
that learners are aware of to what extent the learning problem is situated in the context 
and of highly implicit skills, SRL monitoring skills.  

Table 2 shows the detail of the activities and the design intent in the learning scenario, 
which consists of the three processes described above. In this learning environment, the 
mirror agents play a main role, performing the mentors’ object-level task by reflecting 
the mentor/learners’ SRL weakness. This allows the learners to focus on meta-level 
tasks such as monitoring and controlling the mirror agents’ weakness in SRL (e.g, “C6: 
Identification of weakness” and “C8: Advice on the weakness”). Awareness of implicit 

 
 

Fig. 1. Overview of Learning Environment 
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SRL skills is promoted by providing mentors with problem options and advice options 
(C5 and C12) that support verbalization of the SRL weaknesses and solutions. Each 
time a learner/mentor is issued a mirror agent’s consultation and identifies the problem 
and the solution counted as one learning session. After one learning session, the 
learner/mentor’s SRL skills are diagnosed again and the mirror agent’s SRL weak-
nesses are updated. In this way, each learning session can be repeated so that the learner 
is able to experience various learning contexts, which will promote the generation of 
SRL skills.  
 
4.2 Ontology for the Design of Learning Environment 

For the purpose of materializing the learning in accordance to the rational educational 
intention, it lays the well-formed foundation to articulate the basic building-block con-
cepts of learning. In this research, ontology acts as the medium of articulation. 

In this session, we discuss the confusion that may occur in the usage of the core 
concept "SRL weakness" in this research and consider how the articulation of the con-
cept is important to materialize the well-designed learning. The concept "SRL weak-
ness" inherently means that it is a relatively unmastered skill among a learner’s SRL 
skills, although it has various meanings depending on the context. The different kinds 
of meanings of “SRL weakness” can be explained as follows. 
 
SRL Weakness A: Learner’s real SRL weakness 

SRL Weakness B: SRL weakness in learner as diagnosed by the system from learner’s  
record (learner’s profile and history) 

Table 2. Leaner’s and System’s Activities in Learning  
Environment (LE) and the Design Intent 

 
Fig.1. Activity Design Intention 
A1-
A5 

• Learner’s SRL skills are assessed.  
• LE diagnoses the answer and identi-

fies learner’s SRL weakness in refer-
ence to the assessment knowledge.  

• LE set the SRL weakness as mirror 
agent’s SRL weakness. 

Setting the situation that mentor can an-
alyze learner/mentor’s SRL weakness. 

B1-
B4 

LE generates object-level description 
as consultation contents from mirror 
agent’s SRL weakness in reference to 
mentoring knowledge. 

Showing learner with mentoring task 
which let learner/mentor identify meta-
level problem (SRL weakness) from ob-
ject-level problem. 

C1-
C13 

• Learner analyzes the consultation, 
identifies the problem and identifies 
the object-level problem (SRL weak-
ness) in reference to problem option.   

• Learner identifies SRL knowledge 
for giving of advice to mirror agent 
to solve its problem in reference to 
advice option.  

• Delivering scaffolding for learning 
SRL knowledge by means of provid-
ing problem and advice options.  

• Raising learner/mentor’s awareness 
of his/her own SRL weakness 
through mentoring process. 
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SRL Weakness C: SRL weakness learner/mentor identified mirror in agent through  
SRL consultation 

SRL Weakness D: Realized SRL weakness by learner from “SRL Weakness C”  
through mentoring to mirror agent 
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The ideal scenario to show the features of the educational design is when all instances 
of the four weakness a, b, c, and d are same, where a, b, c, and d are instances of A, B, 
C, and d respectively. In brief, the real SRL weakness a is identified as b by the system 
(a=b), and the mirror agent consults the problem caused by SRL weakness b as its own 
weakness. The learner appropriately identifies the weakness c from the consultation 
(b=c), realize that the weakness d is same as the learner’s one (d=a), and advice to 
mirror agent’s SRL weakness c as if it was the learner’s weakness a. 

To materialize the learning with robustness, it is necessary to design the learning 
process that responds to the deviation of system’s diagnosis, the diverse recognition of 
learner, and learner’s awareness of one’s SRL weakness. Ontology in Fig.2 clarifies the 
context dependency of the definition of SRL weakness and supports rational educa-
tional design. For example, the learning goal for the learning session in which learn-
ers/mentors learn that SRL weakness a and b are the same is for them to explicitly 
recognize their own SRL weakness, while the learning goal for the session where a and 
b are different is to acquire the vocabulary to monitor and control SRL.  

Through this example, in reference to the ontology in Fig.2, we can articulate the 
four weakness and can materialize the learning design in response to the context. The 
learning status after learners/mentors has experienced multiple learning sessions is 
characterized by the set of SRL skills learned explicitly and the set of SRL weaknesses 
of which learner has been aware. The system adaptively arranges the next learning ses-
sion based on the learning status after the previous learning session. The educational 
rationality and robustness of the learning process is increased by adaptively arranging 
the learning scenario with the learning goals such as realization of various weakness, 
awareness of the learner’s own SRL weakness, and generalization of the experience to 
SRL skills.  
 

5 Conclusions 

In this paper, we showed the design of a learning environment to promote the general-
ization process for learning SRL skills. Since learning SRL includes the difficulty of 
meta-level tasks, we designed a situation in which learners can focus on monitoring and 
controlling SRL through mentoring a pseudo agent; this decreases the learner/mentor’s 
cognitive load. In the similar research, Schwartz [6] designed a learning environment 
that decreases the cognitive load of metacognition in a process where learners teach a 
pseudo agent by creating a concept map about the knowledge of a particular subject. 
The commonality in his research and our research is the externalization of the learners’ 
object-level task to the pseudo agent, while the difference relates to the generalization 
process. In our learning environment, diverse learning sessions can be prepared as men-
toring tasks to elicit the generalization to acquire SRL skills. In the process, it is signif-
icant for learners to realize their SRL weaknesses, and we design a mirror agent with 
learning features similar to each learner. However, complexity exists in the learning 
environment, so it is necessary for us to explain how the educational concepts such as 
“SRL weakness” exists in the related processes by means of ontology as an articulation 
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medium. At the design stage, the articulation of the concepts helps to construct a 
knowledge base that can handle various situations and increase the robustness. 
    We have been implementing an experiment for observing some cases of awareness 
of SRL weakness through this learning environment. By means of the experiment, we 
will considerate how the prepared learning scenario affects the students, what kind of 
relations exist between the learning sessions and the learners’ conditions of SRL weak-
ness assessed by the system, and what kind of patterns of learners’ awareness of SRL 
weakness by themselves.  

To acquire transferable skills is one of the most important learning goals. However, 
promoting decontextualization is not easy since the acquired skill depends highly on 
the learning context. Then, it will therefore be valuable to establish an educational 
method that promotes the acquisition of the self-questioning attitudes toward the de-
contextualization. For this purpose, the acquisition process should be articulated with 
systematized concepts that constitute complex learning phenomena. 
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