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Abstract: The authors have examined properties of programming tasks and have studied a
framework for structuring tasks based on their properties. In this paper, we examine what is
learned from general—special and whole—partial relations among tasks. We also consider a
method for presenting tasks in a method that is adaptive to learners’ comprehending
situation using this framework. Under this framework, we propose a system that presents
adaptive tasks based on the method of utilizing the task sequence.
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1. Introduction

The demand for programming education has increased in recent years, as evidenced by new
curriculum standards in Japan (Kanemune, 2018). Meanwhile, there is increased need for
frameworks that efficiently support programming learning. In particular, frameworks for
implementing computer support include intelligent tutoring systems (ITSs) and learning
management systems (LMSs) (e.g., Enomoto, Miyazawa, Miyadera, & Morimoto, 2018;
Kanemune, Nakatani, Mitarai, Fukui, & Kuno, 2004; Shinkai & Sumitani, 2008; Tomoto &
Akakura, 2017).

In ITS and LMS applications, the difficulty and order of presented tasks cannot be
disregarded. Koedinger & Aleven (2007) described the relation between task difficulty and the
amount of task support, which they refer to as the “assistance dilemma.” If tasks are difficult when
learners are provided with less support, making it harder for learners to solve tasks by themselves. If
tasks are easy when learners are provided with too much support, however, thus learners do not
consider them fully. Koedinger et al. thus concluded that addressing the assistance dilemma required
stepwise presentation based on the learner model. To that end, Enomoto et al. (2018) proposed a
method for determining the difficulty of programming tasks from correct answer rates among all
learners and making adjustments for individual learners. Through this method, we can objectively
observe and adjust the difficulty of each task.

Although such methods allow determining the order of tasks presented to a learner, they
cannot determine what to learn through the sequence of tasks, in other words, the overall learning
goals (Hirashima, Niitsu, Hirose, Kashihara & Toyoda, 1994; Horiguchi, Tomoto & Hirashima,
2015). If the task sequence is meaningful, it becomes possible to diagnose which aspect of the whole
concept is currently being learned. It has also been reported that properly deciding learning content
and sequence promotes learning (Scheiter & Gerjets, 2002). One approach toward making task
sequences meaningful is to focus on both within- and between-task structure (e.g., Hirashima,
Kashihara & Toyoda, 1995; Horiguchi & Hirashima, 2005).

To determine appropriate problems for learning programming, it is first necessary to
analyze the problem to be solved in ordinary programming, then structure the properties necessary



for solving the problem. Properties required for programming problem-solving ability can be
determined by structuring properties included in programming problem-solving. Furthermore, by
giving learners tasks generated using a task framework that includes structured properties, we can
contribute to problem-solving ability for programming.

The authors have previously discussed properties of tasks in programming and the structuring
of these tasks (Koike, Tomoto, Horiguchi & Hirashima, 2018) with the goal of sequencing tasks
based on within- and between-task structure. Based on our previous investigations of the properties
and structure of programming tasks, this paper describes how to adapt to learners’ comprehension
state when presenting tasks to them. We then propose a learning support system for doing so.

2. Structuralizing Programming Tasks

As mentioned in Section 1, adapting to learners’ comprehension state when presenting tasks requires
defining what the programming task is. Doing this requires structuring in which the programming
task properties are interpretable. In this chapter, therefore, we describe programming-task properties
that the authors have investigated for structuring (Koike et al., 2018).

2.1 Related Research

Watanabe, Tomoto, Fujimori, & Akakura (2017) structured programming tasks by categorizing
properties in task nodes as (i) purpose of the code, (ii) actual processing (code), or (iii) learner tasks
for confirming task understanding. Watanabe et al. also constructed task sequences by relating task
nodes as general-special or whole—partial relations. General-special relations associate original
general tasks with the same purpose with a special task that reduces factors to be considered by
adding constraints on actual code. In whole—partial relations, whole and partial tasks with actual
code have an inclusion relation by which different purposes are related. Through these relations,
Watanabe et al. aimed at improving learner understanding by having learners shift from special to
general situations, or shift from partial to whole tasks.

In that study, however, even when specific processes correspond with a specific purpose,
there is no inherent process for achieving a certain purpose; multiple possibilities exist. A large
example is rearrangement of arrays. Normally, array rearrangement can be achieved by various
processes, such as bubble or merge sorts. In small examples, it is possible to swap the values of two
variables using “a=b, b=c,c=a”or “t=ary [i], ary [i] = ary [j], ary [j] = t.”” There are thus multiple
processes that achieve the same purpose and Watanabe et al.’s definition cannot distinguish between
them, because doing so requires clarification of relations between multiple tasks for the same
purpose. To clarify this relation, it is necessary to consider differences in behavior between
processes. If premised on gradual task presentation, it is desirable that previously learned tasks are
included in the task to be learned next (Scheiter & Gerjets, 2002). Considering this, learned tasks
should have an inclusion relation with the next task to be learned, and following this inclusion
relation will ultimately be the overall task goal. Therefore, identifying the objective of the overall
task is necessary to identify the objective of the partial task. However, when the partial task depends
on the whole task in this way, it is not possible to reuse the processing of a certain task in general for
other tasks. Therefore, to reuse the processing of a certain task, it is necessary to describe what
function the task has as a part.

Therefore, in this research we aimed at making programming tasks more reusable by
separately discussing their function, behavior, and processing properties.

2.2 Properties of Programming Tasks

To structure programming tasks and clarify their properties, we first consider how the programming
task is usually solved. In the general problem-solving process, an initial state is given first, and the
learner must achieve the target end state through manipulation using a series of operations. When
comparing this with problem-solving processes in programming learning, we consider the initial
state of a variable as given input, and the target end state after manipulation of variables through
programming code as output (Fig. 1). Here, the difference between pre- and post-processing states



can be interpreted as behavior brought about by the processing. Therefore, the behavior exhibited in
the process can be understood through the difference between the initial and end states of the
variable. Behavior can also be interpreted as a function according to the human interpretation. The
definitions and properties of processing, behaviors, and functions are explained below in reference
to Fig. 2.

2.2.1 Processing

The processing in this research is a manipulation sequence, namely, a set of commands that causes a
difference between the initial and end states. Thus, the smallest operation sequence is a single
command. Commands include control statements such as assignment statements, “if” statements,
and “for” statements.

Task processing in Fig. 2 is described using pseudocode, because this research focuses on
general understanding that does not depend on a specific programming language. In that figure,
variables beginning with “$” are arguments, and variables starting with “%” are local variables.
Other statements are merely descriptive and not intended to refer to concrete function calls, etc.

Source code

Initial state

A=1

C=4

Behavior

Example of behavior

emantic
terpretatio .
unction

swapping A and B

Figure 1. The problem-solving process in programming

General-1
-Processing
swap($A, $B)

%temp = $A

$A = $B

$B = %temp
-Behavior
Substitute $A for temp
Substitute $B for $A
Substitute $A for $B
-Function
Swap any two contents of
variables

Figure 2. Example of a task
2.2.2 Behavior

“Behavior” is the processing that results in differences between the initial and end states of
variables, in other words the behavior of the operation sequence. Variables here include iterators
such as those used in “for” statements. In other words, we do not distinguish specific scopes (such as
global or local) of variable states.

In Fig. 1, three constraints (such as "B to A", "A to B", and "A to C") are always satisfied
between the initial and end state. From this also, the behavior itself is described as a set of constraints



that can be read from the change of variables between input and output. In addition, in Fig. 2,%temp
is assigned to $B as processing, but the value of $temp is $A by "%temp = $A™ which is the previous
processing. Therefore, $A is finally assigned to $B.

2.2.3 Function

A function is a human interpretation, and describes what can be achieved through behaviors.
Sasajima et al. stated that functions are not interpretations of behavior without excess or deficiency,
but rather interpretations of a certain behavior (Sasajima, Kitamura, Ikeda & Mizoguchi, 1996).
They furthermore suggest that when a given function is regarded as part of an overall function, the
function has meaning as a part only when there exists a function one level higher than the given
function. For example, if the overall function is swapping two variables, the “temp” variable has
meaning, but the swapping of the two variables itself has no meaning. This handling of such
functions is advantageous in that the positioning of the function is certain within the system, so there
will be no erroneous function positioning. However, when a target system and its function are
positioned, it becomes difficult to reuse the function in other target systems. Therefore, in this
research we consider functions as not necessarily connecting with goals on a one-to-one basis, and
we position functions on the assumption of possible overall goals for each function. For example, in
Figure 2 at the behavior level, it just repeats the assignment and there are no meanings to these three
assignments. By semantically interpreting this, we can define a function called “swap”.

2.2.4 Relationship between Processing, Behavior, and Function

The relation between processing, behavior, and function can be described using the example of
sorting. For example, simple sorting and selective sorting are different processes, but their behaviors
are similar in that both rearrange an array. Also, when considering each function, they become the
same in terms of their interpretation as “rearranging an array.” In this way, the properties of
processing, behavior, and function can be independently related.

3. Relationship between Tasks

It is possible to compare tasks by relating them based on their processing property, as defined in
Chapter 2. When tasks can be compared, they can be related according to the differences between
them. This also makes it possible to determine which tasks have higher and lower difficulty in
comparison to tasks that learners have solved. That is, if tasks are related, it is possible to adapt to the
comprehending state of learners and prompt their transition to another task.

In this research, we define general-special and whole—partial relations based on differences
between these tasks (Fig. 3). In Fig. 3, whole—part relations are shown with black arrows starting at
the part side and ending at the whole side. General-special relations are graphed as white arrows
starting at the special side and ending at the general side.

3.1 General-special Relation

Focusing on Moderate-1 and Moderate-2 in Fig. 3, we can see that the iterator for array a uses
variables $I and $J. In this way, we associate the special task in the general-special relation in the
sense that it can be handled in a more specific situation and the general task in the sense that it can be
handled in a more general situation. Learners can learn how to make general-purpose tasks by
shifting tasks linked to this relation.

3.2 Whole—partial Relation

Between Special-1 and Special-2 in Fig. 3, it can be seen that swap-1 includes processing of sort-1.
Therefore, Special-2 is a whole task including Special-1, and Special-1 is an included partial task.



The whole—partial relation associates tasks in such inclusion relations. As a result, the learner
experiences reusing partial tasks learned while shifting from partial to whole tasks.

Special-1 Moderate-1 General-1

-Processing -Processing -Processing

swap_T1() swap_2(3l, $J) swap($A, $B)
%temp = %al0] %temp = %a[$l] %temp = $A
%al0] = %al1] %al[$l] = %a[$J] $A =$B

%all] = %temp %al$J] = %temp $B = %temp
-Behavior -Behavior -Behavior

Substitute a[Q] for temp Substitute a[$l] for temp Substitute $A for temp

Substitute a[1] for a[0] Substitute a[$J] for a[$l] Substitute $B for $A
Substitute a[0] for a[1] Substitute a[$l] for a[$J] Substitute $A for $B
-Function -Function -Function
Swap contents of a[0] and Swap any two contents of Swap any two contents of
a[l] af] variables
Special-2 Moderate-2
-Processing -Processing ?I;r;?:?s!_s?n
sort_1() sort_2($l, $J) F(SA $B)g

if %al0] > %all] if %al$l] > %al$J] SQf YRR

swap_1() swap_2($l, $J) I swa> ($A, $B)

-Behavior :> -Behavior :>  Behasior
When a[0] is larger than When a[$]] is larger When SA is | than $B
all] than a[$J] Botvior o s $j”$B
[Behavior of swap_1()] [Behavior of swap_2($1,$J)] -[Fﬁni‘;;z;o swap($A, 85)]
Function Function Sort any two contents of
Sort contents of a[0] and Sort any two contents of . Yy
all] all variables

Figure 3. Example task relations

4. Functionalization of Tasks

The authors have previously tried to construct a task sequence based on the discussion in Sections 2
and 3 (Koike et al., 2018). Therefore, in this chapter we propose a task sequence for expansion and
correction activities as a viewpoint from which to newly construct tasks based on past task
sequences.

In task sequences that the authors have examined thus far, from the viewpoint of structuring,
the function in the task is implicitly treated as having arguments. However, if reuse of exactly the
same processing is desired, for example when using the exact same process in ten places, the
processing requires no arguments. In this case, it is more convenient to functionalize the process.
Adding arguments to the function improves its versatility at the cost of convenience in special
circumstances. In this way, understanding argumentation for processing as a general-special
relation explains formation of the function. Therefore, it is possible to contrast whole—partial
relations with general-special relations. By contrasting these relations, learners can understand how
general—special relations play a role in learning about general versatility.

From the above discussion, there is room for reconsideration of handling arguments in tasks.
Since arguments were not considered until now, we implicitly regarded tasks as functions, though
we did not specify them as functions. Therefore, in this paper we can discuss the versatility and
specialty of tasks by newly adding a description of their function. We can furthermore grasp task
sequences in two dimensions, taking whole—partial and general-special relations as axes. In other
words, in whole—partial relations it is possible to learn the importance of understanding the behavior
of partial tasks, and to reuse partial tasks by repeating them for multiple whole tasks. On the other
hand, we consider that by experiencing multiple special tasks related to the same general task in
general-special relations, it is possible to learn the importance of providing special tasks with
flexibility to make them more general-purpose. Therefore, in the following we will describe a
method for actually utilizing the system by following the two-dimensional task sequence.



5. How to Present Structured Tasks in a System

In this section, we discuss how to use a system developed by the authors (Fig. 4) to present tasks
based on a newly constructed task sequence (Fig. 5) (Koike & Tomoto, 2018).

JiZ BlockBuilding

Block list
{Press "+ add to workspace) Block on

mastered goals
a|=[b

=i a |l [[b [[E

swap & and b @

Q. Replace element of ary(al and element of ary(b] in array ary
Condition: Lse variables ary[al arvlb] ¢

workspace is here.
{press ‘X’ delete)
(Drag to move)}

Hint Hint
{Simple) {Detail)

Figure 4. User interface of the system (Koike & Tomoto, 2018)
5.1 Presentation of Tasks in a Conventional System

In a learning support system developed by the authors (Fig. 4), the goal is to understand chunks of
code as parts in a program (Koike & Tomoto, 2018). In this system, programs are constructed
according to the problem and constraints displayed at the upper right. In addition, previously
constructed programs are retained in the list on the left as reusable parts, and larger parts are newly
constructed using them. In other words, learners are to understand two things through use of this
system: (1) reuse of partial tasks in other tasks in whole—partial relations, and (2) increasing
versatility by shifting from special to general tasks in general-special relations.

Until now, however, presented tasks were generated based on task sequences subjectively set
by the authors, and these did not adapt to the learner’s comprehending state. Task sequences
determined by the authors included all tasks related through whole—partial relations, in a sequence
without branches. This does not allow the experience of reusing partial tasks within two or more
whole tasks. Also, since there is no general-special relation, it is difficult for the learner to learn
more general task structuring. We thus consider a method for adaptively presenting tasks by using
the relations defined in this paper. Also, when handling tasks in the system based on the framework,
a correct answer are prepared on the system that is limited to one out of multiple correct answers.

5.2 Adaptive Task Presentation using Task Sequences

In this section, we consider a method for implementing and practicing task sequences (Fig. 5) newly
constructed in the system described above. In Fig. 5, the start points of black arrows indicate parts,
and end points indicate the whole, thus showing the whole—partial relation. The start points of white
arrows are special and end points are general, thus showing special—general relations.

We first consider how to implement a single task. By using the “function” label of a task, it is
possible to produce a sentence “create [function name]” as a system problem statement. When doing
S0, in system processing of the variable name, we have to decide what constraints are imposed upon
making the function. Then, using tasks, it is possible to generate sentences such as “using [%
appended variable]” or “using [used function]” as a task constraint. Furthermore, considering the
judgment of correct answers in the system, it is possible to compare the operation described in the
“processing” label of the task with the answer from the learner. In this way, implementation is



possible by applying the task in this paper to the system. For example, in the case of General-2, “use
A and B as input variables and use swap functions” can be generated as a constraint on the problem
statement “make a program that swaps the values of input A and input B.”

By implementing tasks in the system, it is possible to present tasks in consideration of task
sequences. For example, when a learner solves the Special-2 task in Fig. 5, Moderate-2 exists as a
task for more generically learning this concept, and Special-3a exists as a task for learning a new
concept. This makes it possible to diagnose positioning of the solved problem in the task sequences,
specifically which task should come next. Therefore, if the goal is learning a new concept, the
system can selectively present tasks demonstrating whole—partial relations, or if the goal is to learn
abstract (generic) concepts, the system can selectively present tasks demonstrating general—-special
relations. For example, when shifting from Moderate-1 to Moderate-2 to learn the whole—partial
relation, the system will assist in learning Moderate-2 by assigning Special-2 to learners for whom
Moderate-2 would be difficult. Alternatively, to learn general-special relations, when a learner who
shifted from Special-1 to Moderate-2 next shifts to Moderate-3b, the system would give
Moderate-3a to learners for whom Moderate-3b would be difficult. To further simplify the task,
Special-3a might be given to assist learning. In this way, when one task cannot be solved, another
can be presented as an auxiliary task, and task branching that could not be performed in previous
task sequences can be represented within the system.

In these task sequences, if a sequence is composed of general tasks like those in Fig. 5,
special tasks are generated in the sequence by fixing and diversifying arguments as instances. By
doing this, we consider that learning via task sequences can be generalized to general tasks by
learning multiple special tasks based on a certain general task.

As the number of concepts to be learned increases, the number of tasks that can be expressed
to assist stepwise learning increases exponentially. Therefore, the example in Fig. 5 is not intended
to exhaustively express all task sequences.

Special-1 Moderate-1 General-1
-Processing -Processing -Processing
swap_1() swap_2($l, $J) swap($A, $B)

%temp = %al0] %temp = %al$l] %temp = $A

%al0] = %all] 9%al$l] = %al$J] $A =3B

%all] = %temp %a[$J] = %temp $B = %temp
-Behavior -Behavior -Behavior
Substitute a[0] for temp Substitute a[$1] for temp Substitute $A for temp
Substitute a[1] for a[0] Substitute a[$J] for a[$l] Substitute $B for $A
Substitute a[0] for a[1] Substitute a[$l] for a[$J] Substitute $A for $B
-Function -Function -Function
[Swap contents of a[0] and Swap any two contents of Swap any two contents of
al1] all variables
Special-2 Moderate-2
-Processing -Processing 3:{2%':5';?”
sort_1() sort_2(8l, $J) Sort(SA. $B)g

if %al0] > %a[1] if %al$l] > %a[$J] rHA,

if $A > $B
swap_1() swap_2(8$l, $J) swap($A, $B)

-Behavior :{> -Behavior E:> _Behavior
When a[0] is larger than When a[8$l] is larger When $A is larger than $B
a1l than a[$.] [Behavior of swap($A, $8)]
[Behavior of swap_1()] [Behavior of swap_2($1,8.)] Fanetion PA,
-Function Function Sort any two contents of
Sort contents of a[0] and Sort any two contents of Y
a0 al variables

search_min($XI], $N)
-Behavior

[Behavior of
search_min($X[], $N)]
-Function

[Function of
search_min($X[], $N)]

SN

Figure 5. Example of a task sequence using the system

Moderate-3a General-3
-Processing . -Processing
Special-3a Special-3b search min_3() fg‘r’gz;:;?ngb search min($, $XI, $N)
-Processing -Processing %i =0 for %j = $1+1 to $N-1
search_min_1() search_min_2() for %j = 1 to 2 ;Sajcg,mwn,4() sort($X[S1], $X[%jl)
for %j =110 1 for %) = 110 2 — sort_2(al%il, al%j)) i> 5 E> -Behavior
f for %j = %i+1 to %i+2
sort_,] 0 sorgj 0 -thaylor sort_2(al%l, al%j)) \While $_>([O] to X[$N-1]
-Behavior -Behavior While iisOandjis 1 to 2 _Behavior [Behavior of sort($X[$],
[Behavior of sort_1()] [Behavior of sort_1()] [Behavior of sort_2(a[%i] [Behavior of sort_1(] X[
-Function -Function a[%j])] " -Function
[Function of sort_1()] [Function of sort_1()] -Function }Es;‘;‘/.';nof sort 107 Search the minimum value
Sort the contents of a[0], = of the range $I to $N-1 in
al1], a[2] $X0
Moderate-4 General-4
-Processing -Processing
simple_sort_1($X[], $N) simple_sort($X[], $N)
for %i = 0 to 0 ifor %i = 0 to $N-

1
search_min(%i, $X0I, $N)

-Behavior
While $X[0] to X[$N-1]
[Behavior of search_min(%i,
8X[1, $N)]
-Function
Sort whole of $X[]



6. Proposal of an Adaptive Support System for Learning Programming

The proposed system, which is based on a system previously developed by the authors (Koike &
Tomoto, 2018), performs adaptive task presentation using task sequences. To do that, we first need
to express the generalized task in the system, as described in Section 5.2. For example, (1) the
problem statement might be “create [function name],” (2) the constraint might be “using [%
appended variable]” or “using [used function]”, and (3) judgement of the correct answer might be
based on comparison of the contents of [processing] and the learner-provided answer. If such a task
can be expressed in the system, it is possible to present the task as task sequences. For example, if the
goal is to learn the versatility of the task as in Fig. 6, the system might present problems in order 1, 2,
3, ..., N, based on the task sequence. In this case, learners who have solved 1 and 2 are expected to
notice that processing in 1 and 2 have the same structure. By solving 3, learners can learn 3 as a
generic solution for 1 and 2. Finally, learners will reach task N, through which they will acquire the
most versatile structure of the swap function. In this example, Problem 1 and Problem 2 can handle
only variables and arrays. However problem N can handle multiple cases.

And then, we need to connect each task for whole-part relation in the system. For example,
if the goal is to learn the new concept or the reusability of the task as in Fig. 7, even to learn like
when learning the generalized task.

With the two structures shown in Fig. 6 and Fig. 7, it is possible to present the whole task of
"Special-" tasks, "Moderate-" tasks or "General-" tasks. When such a task can be presented, if
learners cannot solve "General-" tasks then they can learn from "Special-" task to generalization. If
learners cannot solve the whole task of "General-" then firstly they can learn the whole task of
"Special-" tasks.

By utilizing such a framework in the system, it is possible to present task sequences that are
adaptive to learners' comprehending.

el L8 R == 0
Special-1 Special-1b
-Processing -Processing
swap_1() swap_1()
%temp = %a[0] %temp = %all]
%al0] = %al1] %all1] = %al2]
® %al[l1] = %temp L %al2] = %temp
-Behavior -Behavior
Substitute a[0] for temp Substitute a[1] for temp
Substitute a[1] for a[0] Substitute a[2] for a[1]
Substitute a[0] for a[1] Substitute a[1] for a[2]
-Function -Function
Swap contents of a[0] and Swap contents of a[1] and
[Task expression] a1l al2]

Problem sentence: Function

Constraints: % appended variable, used function
Correct answer: Processing

‘w-ﬂ
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G Fepince siemant of wylal v evan of wys] b aray wy 012yl e sl o o] i ey
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Moderate-1 General-1
-Processing -Processing
swap_2($l, $J) swap($A, $B)

%temp = %a[$l] %temp = $A

%a[$l] = %al$J] $A = $B

@ %al$J] = %temp @ $B = %temp

-Behavior -Behavior
Substitute a[$1] for temp Substitute $A for temp

Substitute a[$J] for a[$l]
Substitute a[$1] for a[$J]
-Function

Swap any two contents of
all

11

Substitute $B for $A
Substitute $A for $B
-Function

Swap any two contents of
variables

Figure 6. Example of task presentation using the general-special relations in the system
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Substitute $B for $A
Substitute $A for $B
-Function
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General-1 General-2
-Processing -Processing
swap($A, $B) sort($A, $B)
%temp = $A if $A > $B
$A =3B swap($A, $B)
] $B = %temp -Behavior
-Behavior When $A is larger than $B
Substitute $A for temp [Behavior of swap($A, $B)]

-Function
Sort any two contents of
variables

Swap any two contents of
variables

| Task expression]

Problem sentence: Function

Constraints: % appended variable, used function
Correct answer: Processing
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General-3
-Processing
search_min($l, $X[], $N)
for %j = $l+1 to $N-1
sort($X[$1], $X[%]])

General-4
-Processing
simple_sort($X[], $N)
for %i = 0 to $N-1

® -Behavior search_min(%i, $X[], $N)
While $X[0] to X[$N-1] -BE_havior
[Behavior of sort($X/[$/], While $_X[0] to X[$N-1 1
X [Behavior of search_min(%i,
-Function X[, $N)]
Search the minimum value -Function

of the range $I to $N-1 in Sort whole of $X[]

$X0 i

Figure 7. Example of task presentation using the whole-part relations in the system

7. Conclusion

This paper organized task sequences that could be applied in practice. Clarifying what is learned
through whole—partial and general-special relations provided a viewpoint for evaluation of task
sequence on two axes.

By doing this, we developed a task sequence on the premise of applied in practice and
discussed a utilization method of tasks linked through whole—partial and general-special relations.
We also proposed a system that presents adaptive tasks based on the method of utilizing the task
sequence.

In the future, we will consider methods for generating variations on understanding tasks
within tasks and for detailing functional representations of tasks. Furthermore, in this framework,
tasks were specialized and partialized based on the meaning. Thus, we would like to deeply discuss
how to define its meaning on the link.
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