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Abstract. This paper presents the way to design the continuous learning 
process model based on general reinforcement learning framework for both a 
human and a learning agent. The objective of this research is to bring the learn-
ing ability of the learning agent close to that of a human. We focus on both the 
reinforcement learning framework for the learning agent and the continuous 
learning model of a human.However, there are two kinds of questions. First 
question is how to bridge an enormous gap between them. To fill in the missing 
piece of reinforcement learning whose learning process is mainly behavior 
change, we add two mental learning processes, awareness as pre-learning 
process and reflection as post-learning process. Second question is how to  
observe mental learning processes of a human. Previous methods of human 
learning researches mostly depend on observable behaviors or activities. On the 
other hand, a learning process of a human has a major difficulty in observing 
since it is a mental process. Then a human learning process is yet-to-be-defined. 
So it is necessary to add a new twist to observe the learning process of a human. 
To solve this, we propose a new method for visualizing mental learning 
processes with invisible mazes consisting of invisible walls which are perceived 
as a sign that is the number of walls in the neighborhood. Besides, we add meta-
actions for expressing and summarizing something to be aware of learning 
from mistake or to be reflected on learning from experience. A learner can mark 
up his/her sign-action traces by meta-actions for future success. It turns out to 
visualize his/her mental learning processes. This paper reports our learning 
support system for a human learner to visualize his/her mental learning 
processes with invisible mazes for continuous learning. 

Keywords: reinforcement learning, continuous learning, learning process, 
awareness, self-reflection, visualizing, invisible, sign, meta-action, learning 
goals. 

1 Introduction 

Researches on learning process are divided into two fields. One is a learning agent in 
Artificial Intelligence [12-13], the other is learning of a human in psychology [9].  
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For the learning agent, reinforcement learning is the major framework since it auto-
matically learns after a learning goal is set in the learning environment. The main 
feature of reinforcement learning is that the learning goal is given by the human de-
signer. On the other hand, researches on human learning ability have been performed 
in various research fields such as psychology, education, business, and so on. One of 
the main features of human learning ability is that it covers a vast territory of learning 
ability including discovery of learning goals, awareness, reflection, self-regulated 
learning [16], or continuous learning.  

The objective of this research is to bring the learning ability of the learning agent 
close to that of a human. We focus on both reinforcement learning framework for the 
learning agent and continuous learning model of a human. However, there are two 
kinds of questions. First question is how to bridge an enormous gap between them. 
Second question is how to observe mental learning processes of a human. Previous 
methods of human learning researches mostly depend on observable behaviors or 
activities. On the other hand, a learning process of a human has a major difficulty in 
observing since it is a mental process. Then a human learning process is yet-to-be-
defined. So it is necessary to add a new twist to observe the human learning process.  

To solve these problems, we propose a new method for visualizing mental learning 
processes with invisible mazes. We focus on continuous learning [17-18], and aim for 
modeling the unified continuous learning process model based on reinforcement 
learning framework for both a human and the learning agent. Our new approaches are 
following; 

1. To fill in the missing piece of reinforcement learning whose learning process is be-
havior change, we add two mental learning processes, awareness as pre-learning 
process and reflection as post-learning process. 

2. The learning environment is the invisible maze consisting of invisible walls which 
are perceived as a sign that is the number of walls in the neighborhood. 

3. We add meta-actions for expressing and summarizing something to be aware of 
learning from mistake or to be reflected on learning from experience. A learner can 
mark up his/her sign-action traces by meta-actions for future success. It turns out to 
visualize his/her mental learning processes.  

4. For continuous learning, we design the sequence of invisible learning goals which 
allows the learner to discover them according to the learning ability. 

This paper reports our learning support system for a human learner to visualize his/her 
mental learning processes with invisible mazes for continuous learning. The re-
mainder of the paper is structured as follows: Section 2 gives a theoretical background 
on continuous learning and Section 3 presents the continuous learning process model 
with invisible mazes. Section 4 discusses several issues and Section 5 concludes the 
paper, addressing future work. 

2 Background 

This section describes a theoretical background of this research, continuous learning, 
awareness and reflection. The concepts awareness and reflection are viewed differently  
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In contrast with it, Figure 1(b) shows the learning process of reinforcement learning. 
Its distinction is that its process has a start and an end. Since the objective of existing 
reinforcement learning is to find an optimal solution for the learning goal given by a 
human designer. Next section reviews Awareness and Reflection as important 
processes of continuous learning process. 

2.4 Awareness and Reflection on Learning Processes 

In the research field of Technology-Enhanced Learning (TEL) for human learners, 
Awareness and Reflection (AR) is one of the active research issues [10] [5]. 2013 
year’s theme for Workshop on this field, AR-TEL 2013 is: “How can awareness and 
reflection support learning in different settings (work, education, continuing profes-
sional development, lifelong learning, etc.). What are the roles that technology can 
play to support awareness and reflection in these contexts?” [5]. We refer our mean-
ings of Awareness and Reflection from these workshops papers.  

The common feature of Awareness and Reflection is focusing experience of a 
learner on some information for future improvement. The main differences between 
them are that Awareness relates to the perception, Reflection mainly relates to the 
action or the behavior consisting of perception and action. 
(1) Awareness as pre-learning process 

There are several meanings of awareness on learning.  Closely related meanings 
to our research are follows;  

1. Individual situational awareness is defined as ”the perception of the elements 
in the environment within a volume of time and space, the comprehension of 
their meaning, and the projection of their status in the near future” [8].  

2. Awareness is increasingly related to finding appropriate learning objects, peers 
and experts or the ’right’ learning path [11]. 

As pre-learning process, awareness plays an important part to trigger behavior 
change. Then we focus on the meaning of awareness as the need for distinction of 
indistinguishable perceptions or experience between future success and future failure. 
We assume that these indistinguishable perceptions occur by partially observable 
states [4]. 
 
(2) Reflection as post-learning process 
There are several meanings of reflection on learning. One of them is as follows; 
Learning through reflection is defined as “those intellectual and affective activities in 
which individuals engage to explore their experiences in order to lead to new under-
standings and appreciations” [1]. We take to the concept of Reflective learning [6-7] 
which is “the conscious re-evaluation of experience for the purpose of guiding future 
behavior”.  

As post-learning process, reflection plays a part to create some meaning out of be-
havior change or learning result. Then we focus on the meaning of reflection as creat-
ing the becoming explanation or interpretation toward the rule which can lead the 
learner not to future failure but to future success. 
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3 Designing the Continuous Learning Process  
with a Maze Model 

This chapter summarizes the design concepts for the learning environment and the 
continuous learning task. For modeling the continuous learning process as shown in 
figure 1, this paper formalizes them by a maze model with invisible walls and an in-
visible goal and designs the maze sweeping task which requires discovering and mas-
tering invisible various learning goals of a learner. First we describe the flow of the 
continuous learning process, second, designing the learning environment as an invi-
sible maze model is illustrated. After designing the continuous learning task by the 
maze sweeping,  we describe designing the sequence of learning goals. 

3.1 The Flow of the Continuous Learning Process 

Figure 2 shows the flow of the continuous learning process. This process consists of 
triple cycle. Innermost cycle is called a trial. A trial is defined as an transition se-
quence from start state to encountering either a goal state or a wall. In this cycle, a 
learner repeats an action and hie/her mental process including awareness until he/she 
results in either sucess or fail of the task.  

 

 

Fig. 2. The flow of the continuous learning process 

Second cycle is called an achievement. A achievement is defined as the learning of 
a maze sweeping task with a fixed start and goal. In this cycle, the learner reflects the 
trial when the trial terminates by the encounter with a wall or a goal. After that, if 
current trial is not accomplished, he/she restarts the trial from start state. Outmost 
cycle is the  continuous learning cyle. When the learner accomplished current 
achievement, he/she can challenge next new achievement as he/she wants. 
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3.2 Designing the Learning Environment by an Invisible Maze Model 

Designing a learning environment for a human learner, we adopt a grid maze model 
from start to goal since it is a familiar example to find the path through a trial and 
error process. A maze model is defined by five elements, state set, a sign of walls, 
transitions and walls, action set, and meta-actions, each of five elements is defined. 

The Structure of a 2D Grid Maze. The n x m grid maze with four neighbors which 
is surrounded by walls in a rectangle shape consists of the n x m number of 1 x 1 
squares. It is called a simple maze. Figure 3 shows the structure of a 2D grid maze. 
Figure 3 (a) shows a 3 x 2 simple maze with a start and a goal.  

In a grid maze, every square that touches one of their edges except a wall is con-
nected. Each square in a maze model is called a state. Each state is distinguished by 
the location. S is the start state of the maze, and G is the goal state of the maze. A 
maze model is described as a connected and directed graph in which a node is a state 
and a link is a transition between states. Figure 3 (b) shows the connected graph of the 
3 x 2 simple maze. Note that a trial is an transition sequence from start state to en-
countering either a goal state or a wall. 

 

Fig. 3. The structure of a 3 x 2 simple maze 

The Definition of State Set and a Sign. State set of a maze model is defined as all 
states of the connected graph of the maze. A sign is defined as the number of walls of 
four neighbors in each state ; {0,1,2,3,4}. A learner can percieve a sign of current 
state as the presence of invisivle/visible walls. Each state has several state variables as 
follows ; 

1. Constant : Location(x, y) , Role(start ?, goal ?, Is-goal-invisible ?), Sign 
2. Local (in a trial) : flag(visited ?) 
3. Global (during trials) : state of attached markers, frequency of visit  

Figure 4 shows an illustrated example of a simple maze with invisible walls. Figure 4 
(a) shows the 4x4 invisible maze. Dashed lines are invisible walls which are invisible 
for a learner during trials. Figure 4 (b) shows an example of transition sequence.  
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In each state, whether visited or not is distinguished by its background color of the 
square either white (visited) or gray (not visited). Figure 4 (c) shows the distribution 
of signs among visited states in the maze. In each visited state, a number is displayed 
as a sign of surrounding walls. 

 

Fig. 4. An example of a simple maze with invisible walls 

The Definition of Transitions, Walls and Action Set. Transitions between states in 
a maze model is defined whether corresponding square with four neighbors, {up, 
down, left, right} which is connected or not connected by a wall. They are represented 
as the labeled directed graph as shown in Figure 3 (b). Action set is defined as a set of 
labels to distinguish the possible transitions of a state. In a 2D grid maze model with 
four neighbors, a learner can execute four kinds of actions: {up, right, left, down} or 
relative actions: {forward, turn-right, turn-left, reverse}. Note that the action toward a 
wall results in the transition to start state to restart the trial.  Transition to a goal state 
results in automatic restart with the judgment whether the maze sweeping task is ac-
complished or not.  

 

Fig. 5. An example of meta actions on an invisible maze 
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The Definition of Meta-actions. We introduce meta-actions to visualize his/her men-
tal learning processes. Meta-action is defined to attach a marker on a state in the 
maze map for expressing and summarizing a learner’s mental learning processes. 
Figure 5 shows an example of meta-actions on an invisible maze. Figure 5 (a) shows 
an example of the signs of a trial which results in the encounter with a goal state G.  

The type of markers is follows; 

1. Awareness marker: {!} 
It is to express something being aware in a trial. The number of pieces is about four 
in a trial in case of a simple maze. 

2. Reflection markers:  
It is to express reflection process at the end of a trial. They are color markers, 
green, yellow, and red. They are distinguished by its color and the number of piec-
es. Green marker is only one. Each number of Yellow and Red markers is about 
four. In this paper, color markers are displayed by symbol characters; {@, +, +, +, 
+, #, #, #,#}.  

There are two kinds of meta-action processes as follows;  

1. Awareness process in a trial: 
In any time in a trial, an awareness marker can be attached in any state. Figure 5 
(b) shows an example of attached awareness markers where the encounter with an 
invisible wall is previsioned. The typical usage is to attach it to the state when the 
learner becomes aware of something different or new.  

2. Reflection process at the end of a trial: 
At the end of a trial, reflection markers can be attached in any state. Figure 5 (c) 
shows an example of attached reflection markers. In this case, @ marks a goal 
state, + marks a corner state of this maze, and ## marks feature points to prevision 
an invisible wall. The typical usage of them is to memorize the special event such 
as the encounter with an invisible wall or a goal, or to summarize the sign distribu-
tion in the searched maze. Reflection markers are remained during a train of trials. 

3.3 Designing the Continuous Learning Task by Maze Sweeping 

To begin with, we describe an achievement which is a maze sweeping task with a 
fixed start and goal which has at least one solution. It is defined as to find paths from 
start state S to goal state G which visit all states only at once in the maze. Figure 6  
 

 

Fig. 6. An example of an achievement of 3x3 maze sweeping task 
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shows an illustrated example of an achievement of the 3x3 maze sweeping task. Fig-
ure 6 (a) shows an initial situation of an achievement of the 3x3 maze. Figure 6 (b) 
shows all solutions of the achievement as shown in figure 6 (a).  

3.4 Designing the Sequence of Learning Goals 

Designing the learning goals, the case of invisible simple mazes results in the difficul-
ty of a partially observable state, it can be worked out by slightly broadening a learn-
er’s perceptual states to distinguish whether an invisible wall exists or not. The case 
of non-simple mazes results in more difficulty of partially observable states since they 
have various non- distinguishable states or situations. This paper describes the se-
quence of learning goals for the simple maze with a partially observable state.   

Under simple and invisible mazes, the standard steps to master them are follows; 

1. Find a goal state if it is invisible. 
2. If walls are invisible, estimate the borders of the current maze such like wall-

following behaviors as shown in figure 5.  
3. Search all maze sweeping paths from start state to the goal state. 

We focus on learning goals for the second step to estimate the invisible borders of a 
simple maze. Figure 7 shows an illustrated example of estimating an invisible wall for 
a partially observable state under simple mazes. First, under simple mazes, possible 
signs of any state are {0, 1, 2} as shown in figure 5. Since sign 0 means there is no 
wall, a state with sign 1 or 2 is a partially observable state where wall layout is non-
deterministic. Figure 7 (a) shows the case which starts from sign 1 state.  

To solve this, the learner should try to perceive a sign of neighbor state. If the 
learner encounters either a wall as shown in Figure 7 (b), or a sign 0 state, he/she can 
decide the direction of walls. In this case, an important learning goal to prevision an 
invisible wall is being aware of a sign sequence of 0 and 1 neighbor states. Figure 7 
(c) shows that the sequence of “01!” suggests the direction of an invisible wall as !. It 
is derived from the sign pattern 01 as shown in figure 5(c). Note that this pattern for 
provisioning an invisible wall holds good only under simple mazes. 

 

 

Fig. 7. Estimating an invisible wall under a partially observable state 
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4 Discussions 

Now we discuss several points for designing the learning environment for continuous 
learning support system. 

1. easy to monitor the learning process of a learner 
The maze model can visualize the learner’s learning process as the trace of his/her 
action sequence in the maze including trial and error. There are two kinds of ad-
vantages. For the learner, self-monitoring the learning process assists being con-
scious of his/her awareness and reflection stages. For the system, observing the 
learner's learning process enables to support it and to evaluate the effect of the 
learning support system.  

2. capture the essential features of continuous learning task 
To evaluate a continuous learning task with invisible learning goals by the expe-
riment with subjects within minutes, it is important to be easy to pass on meaning 
of the experimental task to a human learner 

3. Adequate difficulty enough to keep the learner being conscious of thinking 
Too easy task may prevent the learner from his/her conscious thinking. The maze 
model with invisible walls provides the learner with various unexpected results or 
failures which signs consistent with and a sign of them. 

4. Unexpected results or failures which can be experienced by the learner 
The learner feels awareness toward behavior change by facing such an unexpected 
failure. 

5. Signs of failures which can be perceived by the learner 
Becoming aware of unexpected failures such as encounter an invisible wall, a sign 
of invisible walls in the neighborhood is designed. Thinking the meaning of the 
perceived sign, the learner will be able to estimate the position of the invisible 
wall as the ability of awareness. 

6. Illusion or confusion leading to new failures as the temporal difficulty 
Early learning results obtained by a few experiences may result in such a difficul-
ty because of partially observable state problem [4]. It also leads to the driving 
force for continuous learning. After gaining a wide variety of experiences, various 
patterns of invisible walls will be distinguishable according to the distribution of 
signs in a maze. 

7. The need for meta-action to operationalize mental learning processes 
If the learner actually feels the need of meta-action then feels the benefit of it by 
the elevation of abilities of learning, the learner will go ahead our system. 

5 Conclusions 

We described the way to design the continuous learning support system based on the 
general reinforcement learning process model to guide a human to achieve continuous 
learning. To support for awareness and reflection of mental learning processes,  
we proposed visualizing these processes with invisible mazes in the learning  
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environments, and meta-actions for expressing and summarizing something to be 
aware of learning by mistake or to be reflected on the learning experience.  

As one of the future works, we are planning to design the collaborative continuous 
learning system between a human learner and the learning agent which is based on the 
general reinforcement learning framework. 
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