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Abstract—The need to learn emerging technologies such as artificial intelli-
gence is increasingly important not only for technical people but also for non-
technical people. Previous studies showed the effectiveness of a story-based
teaching method for both technical and non-technical people who want to learn
emerging technologies. However, the difference between the story-building
methods for technical people and non-technical people has not been revealed.
The purpose of this research is to propose perspectives that reveal the differences
in the stories used for emerging technology education and identify the effective
story features suited for non-technical adult learners by comparing the different
story-building methods used for technical people and non-technical people. In
this study we classified the story types into two perspectives: “past to present”
and “present to future” and compared the two story-building methods in these
perspectives. The novelty of this research is that the proposal of perspectives that
reveal the differences in the stories used for emerging technology education and
that we have identified the features of one of the effective stories suited for non-
technical adult learners. We also examined the possibility of leveraging such dif-
ferences in solving the issues that a class of non-technical people called conver-
sational programmers is facing.

Keywords—Technical Education, Adult Learners, Story, Teaching Method,
Artificial Intelligence, Conversational Programmers

1 Introduction

Emerging technologies such as artificial intelligence penetrate rapidly into our lives
[1], and it is urgently necessary not only to foster specialists who can cope with those
technologies but also provide the basics of such technologies for non-technical adults
who graduated from school many years ago. In fact, recent studies revealed the exist-
ence of conversational programmers [2], [3] who are willing to learn programming to
make themselves knowledgeable enough to participate in technical conversations even
though they do not write programs by themselves in their job role. It is known that
conversational programmers exist widely in various industry sectors and job roles [4].
Just recently we begin to see artificial intelligence online courses for business profes-
sionals [5], [6], [7] but these are not for the conversational programmers because their
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focus is to teach enough about artificial intelligence for the learners to navigate a busi-
ness and they don’t provide some level of programming experience to the learners.

Under such circumstances, in emerging technology education where it is necessary
to learn multiple technologies in a complex manner, the effectiveness of the story-based
teaching method for both technical and non-technical people is confirmed [8], [9].
However, the difference between the two stories was not identified.

The purpose of this research is to propose perspectives that reveal the differences in
the stories used for emerging technology education and identify the effective story fea-
tures suited for non-technical adult learners by comparing the different story-building
methods used for technical people and non-technical people. We propose to categorize
the story types from the two perspectives: “past to present” and “present to future” and
compare the story-building methods in these perspectives. Here, a story with the “past
to present” perspective is a story that provides the chronological or logical connection
between the learning topics. A story with the “present to future” perspective refers to a
story that expects the learners to be capable of dealing with not only the present prob-
lems but also the unknown future problems.

To make the comparison possible, we first clarified each story-building procedure in
two different story types and compared the two procedures. As a result of the compar-
ison, we found that there is a difference in the size of the learning space and the reason
why it is not always possible to select chronologically and logically related learning
topics in the stories constructed from a “present to future” perspective. Furthermore, in
addition to the obvious differences between the two story-building procedures, we
found implicit differences arisen from the difference in each story context even though
the description of the procedures is exactly the same.

The above difference between the two studies is the new information which cannot
be found in a single study but found only when the two studies are compared [10].
Therefore, the novelty of this research is that the proposal of perspectives that reveal
the differences in the stories used for emerging technology education and that we have
identified the effective story features suited for non-technical adult learners. We also
examined the possibility of leveraging of such differences in solving the issues that
non-technical people called the conversational programmers are facing.

The remainder of this paper is organized as follows. Chapter 2 presents related
works. Chapter 3 describes the research method. Chapter 4 presents the result. Chapter
5 evaluate the result. Chapter 6 discusses the result and evaluation. Chapter 7 provides
the conclusion and future research topics.

2 Related Works

The educational theories have long been studied by researchers from various per-
spectives [11] including a perspective of teaching adults such as andragogy [12]. Since
such theories have been validated in a traditional learning context, some researchers try
to adopt or extend them in the information age context with the use of new technologies
and tools available in learning [13]. There are several studies about the use of new

16 http://www.i-jet.org


https://www.zotero.org/google-docs/?GfN4XH
https://www.zotero.org/google-docs/?wdfzRb
https://www.zotero.org/google-docs/?9svVoq

technologies to teach adults effectively [14], [15], [16] but these studies are not about
how to teach new technologies to adult learners.

Other efforts to provide effective education includes but not limited to teaching strat-
egies, methods, and models in combination with new technologies [17], [18], [19].
Some empirical studies in this context have been deployed to the adult learners and
shown the effectiveness of their approaches [20]. Such results are encouraging but the
features which led the study successful remain hidden because the studies cannot see
their own features unless they have other studies to be compared.

Prior research aimed at fostering engineers of Cyber-Physical System (CPS) [8]
showed the effectiveness of a story-based teaching method. In the research, instead of
teaching the independent learning topics separately, by mapping the learning topics
around a single story, the lecture successfully attracted the learners for they were al-
lowed to implement the story in their way. However, the story-building method was not
disclosed. Also, it did not clarify whether this teaching method works for non-technical
adults.

On the other hand, Seya et al. found one of the effective story-based methods for
non-technical adult learners to understand artificial intelligence [9]. Another research
[21] clarified the general procedure to make the story of this kind and discussed if the
story created by this procedure solves the issues that the conversational programmers
are facing [4]. Also, the issues for technical people in completing online courses whose
story is created from a “present to future” perspective are identified [22].

3 Method

The procedure of making a story from a “past to present” perspective was clarified
by the previous research [21]. However, how to make a story from a “present to future”
perspective is not clarified yet. Therefore, we first clarify the procedure of making a
story of this kind. For this purpose, we will clarify the procedure of story-building
method deployed in the study for CPS education [8] because such an education tries to
train the learners not only to be capable of dealing with the present problems but also
to be capable of dealing with the unknown future problems. Finally, we compare the
two story-building methods n multiple perspectives.

4 Result

4.1  How to create a story from a “present to future” perspective

Table 1 shows the procedure of making a story from a “present to future” perspec-
tive. The procedure from Step 1 to Step 5 is a design process that determines the frame
of the story. The procedure from Step 6 to Step 10 is the implementation process that
fills the concrete contents.
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Table 1. Story making procedure from a "present to future" perspective

Steps Descriptions

Step 1 | Grasp an overall picture of technical topics in the field of the subject

Step 2 | Set concrete learning goals

Step 3 | Identify main topics which are necessary for accomplishing the concrete learning goal, and
map them onto the parts of a story

Step 4 | Identify sub-topics which are necessary for accomplishing the goals of main topics.

Step 5 | Temporarily fix main topics and sub-topics as lecture blocks

Step 6 | Implement main topics. Try to implement the main topics allowing the learners to see multi-
ple approaches and different levels of abstraction to solve the problems. Try to implement a
sub-topic inside a closely related main lecture block unless the volume of the main lecture
block does not become too large

Step 7 | Implement lectures for large sub-topics as independent lecture blocks

Step 8 | Implement both core learning tasks for all learners and advanced learning tasks for advanced
learners in each lecture block

Step 9 | Fix the lecture blocks if they are compatible with administrative constraints. Go back to Step
3if it is necessary to meet the constraints

Step 10 | Place an introduction of the subject as the first lecture block and explain the whole picture of
the lecture in this block

4.2  Result of creating a story from a “present to future” perspective for the
lecture on CPS

Following is the result of creating a story from a “present to future” perspective for
the lecture on CPS. Figure 1 shows how technical topics are mapped to the story.

Step 1: Grasp an overall picture of technical topics in the field of CPS

Technical topics that need to be covered in the field of CPS:

Control, Sensor, Operation, Observe, Process, Data, Network

Step 2: Set concrete learning goals

Build a robot, which can move around autonomously and also is remotely controlla-
ble via Network. Collect image data and audio data from corresponding sensors. Mon-
itor the status of the robot on a cloud server around the clock. Use the processed data
on the cloud server to control the control system of the robot.

Step 3: Identify main topics which are necessary for accomplishing the concrete
learning goal, and map them onto the parts of a story.

Identify main topics to be covered in the lecture:

Control, Sensor, Operation, Observe, Process, Data, Network
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Map the main topics onto the concrete learning goals with a story:

o Make legs to learn how to control motors (Control)

o Make eyes to learn how to process image data from the sensor (Sensor, Process,
Data)

o Make a mouth to learn how to convert text data into the audio data (Process, Data)

o Make ears to learn how to process audio data (Sensor, Process, Data)

¢ Make a robot remotely controllable (Observe, Control, Network, Operation)

Step 4: Identify sub-topics which are necessary for accomplishing the goals of main
topics
Sub-topics need to be covered in the lecture:

e How to set up a development environment
o How to write a program for the first time
e How to control hardware by software

Step 5: Temporarily fix main topics and sub-topics as lecture blocks.

Step 6: Implement the main topics. Try to implement the main topics allowing the
learners to see multiple approaches and different levels of abstraction to solve the prob-
lems. Try to implement a sub-topic inside a closely related main lecture block unless
the volume of the main lecture block does not become too large.

Step 7: Implement lectures for large sub-topics as independent lecture blocks.

Step 8: Implement learning tasks.

Step 9: After examining if lecture blocks are within time constraints, the lecture
block for “How to set up a development environment” turned out to be too long. Go
back to Step 3.

Step 3 (2nd round): No change needed for main topics.

Step 4 (2nd round): The sub-topic, “How to set up a development environment”, is
divided into two sub-topics: “How to set up the hardware” and “How to set up a stand-
alone system environment”.

Step 5: Change the flow of the sub-topic lecture blocks:

— How to set up the hardware

— How to write a program for the first time

— How to control hardware by software

— How to set up a stand-alone system environment

Step 6 (2nd round): No change needed.

Step 7 (2nd round): Implement lectures for the new sub-topics: “How to set up the
hardware” and “How to set up a stand-alone system environment”.

Step 8 (2nd round): No change needed.

Step 9 (2nd round): Fix the lecture blocks if they are compatible with administrative
constraints.
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Step 10: Place an introduction of the subject as the first lecture block and explain
the whole picture of the lecture in this block.
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Fig. 1. Mapping Cyber-Physical System to an Educational Story (Seya et al., 2016)

4.3  Comparison between the two different story making procedures

We will call the type of a story created from a “past to present” as Type 1, and call
the type of a story created from a “present to future” as Type 2. Table 2 shows the
corresponding steps on the right and left so that the tasks on Type 1 and Type 2 proce-
dures can be compared easily. In Table 2, the procedure of Type 1 [21] starts from Step
2 because there’s no explicit equivalent of Step 1 of Type 2 in the procedure of Type 1.
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Table 2. Comparison of steps for making Type 1 and Type 2 stories

Past to Present (Type 1)

Present to Past (Type 2)

Step 1 | (There is no explicit statement which corre- | Grasp an overview of technical objectives in
sponds to the Step 1 in Type 2) the field
Step 2 | Set a concrete learning goal Set a concrete learning goal
Step 3 | Identify chronologically related main topics Identify main topics which are necessary for
which are necessary for accomplishing the accomplishing the concrete learning goal, and
concrete learning goal map them onto the parts of a story
Step 4 | Identify sub-topics which are necessary for Identify sub-topics which are necessary for ac-
achieving the goals of main topics complishing the goals of main topics
Step 5 | Temporarily fix main topics and sub-topics Temporarily fix main topics and sub-topics as
as lecture blocks lecture blocks
Step 6 | Implement main topics as chronologically or- | Implement main topics. Try to implement the
dered lecture blocks. Try to implement a sub- | main topics allowing the learners to see multi-
topic inside a closely related main lecture ple approaches and different levels of abstrac-
block unless the volume of the main lecture tion to solve the problems. Try to implement a
block does not become too large sub-topic inside a closely related main lecture
block unless the volume of the main lecture
block does not become too large
Step 7 | Implement lectures for large sub-topics as in- | Implement lectures for large sub-topics as in-
dependent lecture blocks dependent lecture blocks
Step 8 | Implement both core learning tasks for all Implement both core learning tasks for all
learners and advanced learning tasks for ad- | learners and advanced learning tasks for ad-
vanced learners in each lecture block. vanced learners in each lecture block
Learning tasks should be broken down to
small learning blocks related to each other
to enable the agile method
Step 9 | Fix the lecture blocks if they are compatible | Fix the lecture blocks if they are compatible
with administrative constraints. Go back to with administrative constraints. Go back to
Step 3 if it is necessary to meet the con- Step 3 if it is necessary to meet the constraints
straints
Step 10 | Place an introduction of the subject as the Place an introduction of the subject as the first
first lecture block and explain the whole pic- | lecture block and explain the whole picture of
ture of the lecture in this block. And place an | the lecture in this block
outline session at the beginning of each lec-
ture block to explain the role of the lecture
block in relation to the previous topic
5 Evaluation

We evaluated the difference in making stories between Type 1 and Type 2, which
are described in Table 2. In each step described in Table 2, if there is a clear difference
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in the task description at the sentence level, we call such a difference, “Primary differ-
ence”. In other words, if the descriptions on the right and left in Table 2 for a specific
step are clearly different at the sentence level, we consider “there is a primary difference
in the step”. Comparative evaluation for the primary difference is self-explanatory be-
cause there is a clear difference at the sentence level in the descriptions on the left and
right in Table 2. The evaluation results are summarized in Table 3.

There are additional descriptions on Step 8 and Step 10 in Type 1. However, we did
not consider them as the sentence level difference but see them as the additional de-
scriptions which are based on the second-order difference. The following section ex-
plains what the second-order difference is.

Table 3. Primary differences in how to make a story

Difference | Step Presence The primary difference between Type 1 and Type 2
ID of
Primary
Difference

Diffl_1 Step 1 YES Type 1 does not explicitly include this step to grasp an overview
of technical topics in the field. Since Type 2 aims at fostering
experts, it is necessary to grasp the whole picture at the first
stage, and to identify the technical topics that may be necessary
to work with unknown problems in the future, even though they
are not necessary at present

Step 2 NO

Diffl_2 Step 3 YES When identifying technical main topics for Type 1, the chrono-
logical or logical relationship among the topics is explicitly con-
sidered. For Type 2, the coverage of technical topics is more im-
portant than the chronological or logical relationship among the
topics because the learners need to work with unknown problems
in the future

Step 4 NO
Step 5 NO
Diff1_3 Step 6 YES The implementation of main topics is done with low abstraction

levels for Type 1. High-level abstraction solutions are also con-
sidered for Type 2 because the learners need to learn multiple ap-
proaches to work with unknown problems in the future

Step 7 NO

Step 8 NO

Step 9 NO

Step 10 NO

5.1 Second-order difference between Type 1 and Type2

As the left and right descriptions on each procedural step in Table 2 are clearly dif-
ferent in Step 2, Step 4 and Step 5, it is obvious that there is a primary difference in
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these steps. On the other hand, Step 2, Step 4, Step 5, Step 7, Step 8, Step 9 and Step
10 shown in Table 2 are equivalent at the sentence level, and there is no primary differ-
ence in these steps. However, even though the same word is used in the sentence, the
meaning changes depending on the context in which the word is used [24]. For example,
the word “black” used as a color in some context and the same word “black” is used to
indicate a “bad” sign in another context. Therefore, even if the descriptions in each step
are the same at the sentence level, the meaning of descriptions may be different if the
context is different. We define this level of difference as a second-order difference.

From the evaluation of primary differences in Table 3, we observe the common rea-
son that makes such differences i.e. “whether the learners need to learn the technologies
to work with unknown problems in the future.” We take this common reason as the
context between Type 1 and Type 2 because it is commonly found behind the compar-
ison and it directly affects what needs to be done in each step on Type 1 and Type 2.
Since the context defines the meaning of the words, the tasks on each step in Table 2
would be different even though the task descriptions are the same at the sentence level.
For example, the task description, “Set a concrete learning goal”, on Step 2 is the same
for both Type 1 and Type 2, therefore, there is no primary difference between them.
However, the goals for Type 1 and Type 2 are different because their contexts are dif-
ferent. While the goal for Type 1 is to guide the learners to its goal with a fixed single
path, the goal for Type 2 is to provide multiple possible solutions to achieve its
goal; this is a second-order difference, Diff2_1, found in Table 4. The other second-
order differences are also summarized in Table 4, which are found in Step 2, Step 7,
Step 8, and Step 10.

Table 4. Second-order difference between Type 1 and Type2

Difference | Step Second-order difference between Type 1 and Type2
ID

Diff2_1 Step 2 | A fixed application is selected for Type 1. A generic application which allows
multiple ways of implementation is selected for Type 2

Diff2_2 Step 7 | The contents in the sub-topics for Type 1 should be minimal. The contents in the
sub-topics for Type 2 could be very rich

Diff2_3 Step 8 | Learning tasks for Type 1 are intentionally designed to have a link with the
previous task while those for Type 2 are not related to each other

Diff2_4 Step 10 | For Type 2, placement of an outline session at the beginning of each lecture
block is not necessary

6 Discussion

The first obvious difference between Type 1 and Type 2 is that the story creation
process for Type 1 does not have an explicit step to grasp an overview of technical
topics in the field. We could consider this as a manifestation of the fact that the need to
completely investigate technical topics is not critically important for Type 1 because, it
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is not important for non-technical learners to cover as many solutions as possible to
cope with unknown problems in the future.

For Type 1, the selected technical main topics have chronological or logical relation-
ships among them; in other words, they are coherent. The connections between the top-
ics are carefully designed so that the story becomes linear. The learning topics are tech-
nically simple and the number of them are minimal to achieve the goal (Figure 2). In
Figure 2, we can observe that Type 1 is constructing a virtually simple linear story.

Technical Topics

- — N — - — X1
Goal

Complexity

-
+

Description:
Technical Complexity Level - Selected Technical Complexity Level

o— Time or Logical Dependency *—e Mo Time nor Logical Dependency
Fig. 2. Learning Topics in Type 1

On the other hand, the story creation process for Type 2 has an explicit step i.e. Step
1 to grasp an overview of technical topics in the field. The direct reason why this step
is explicitly necessary for Type 2 is because it is a prerequisite for the work in Step 3.
For Type 2, not only the technical topics currently required but also the technical topics
that may be required in the future are candidates for the main topics in Step 3, therefore
it is necessary to look over all the important technical topics in the field.

In general, there are several solutions for solving a technical problem. Therefore, the
learner who wants to be an engineer needs to be familiar with these multiple solutions.
The learners will also need to learn how to approach a problem using different com-
plexity and abstraction levels. For these reasons, Type 2 expands the choice of creating
stories in three dimensions: technical topics, complexity, and alternative solutions (Fig-
ure 3).
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Fig. 3. Learning Topics in Type 2

For Type 2, the coverage of technical topics is more important than the chronological
or logical relationship among the topics. That would make the learners feel uncomfort-
able because the technical topics tend to be unrelated to each other and difficult to find
meaningful connections among the technical topics by the learners themselves. Indeed,
the synthesis of what has been learned in each technical topic to achieve the learning
goal is left to the learners in Type 2. For that reason, if the Type 2 story is used, it takes
time for the learners to learn a wide range of technical topics in-depth and to synthesis
what they have learned to achieve the goal. However, the learners who go through Type
2 story are more likely to be able to explore different solutions in the future when tack-
ling unknown problems. On the other hand, Type 1 basically teaches only a minimum
number of important solutions with a provided linear story. As a result, the learners
who go through Type 1 story can save their learning time and see the important ideas
clearly.

6.1  Possibility of solving the issues of conversational programmers

Conversational programmers are non-technical people who do not write program-
ming code but want to learn how to program in order to be capable of participating in
technical discussions and to increase the market value of themselves. Wang et al. stud-
ied conversational programmers’ learning approaches and struggles and found the six
common reasons why modern learning resources designed for technical people make
them feel failures and opened the path for future research to find the solution for miti-
gating such failures [4]. Table 5 shows a list of six failures.

1JET — Vol. 15, No. 3, 2020 25



Table 5. Six common reasons for feeling of failure among conversational programmers when

using modern resources. (Wang et al., 2018)

Issue | Reasons for Feelings Description
ID of Failure
i01 | Takes too much time | Investing in learning programming ended up requiring more time than
what participants wanted to devote given their busy schedules
i02 | Too much focus on Most of the resources focused on programming syntax and logic which
syntax and logic did not directly help participants with their technical conversation
i03 | Explanations are not | The conceptual and application-related explanations desired by the par-
relevant ticipants were not always relevant nor available in the learning resources
i04 | Difficult to assess the | Participants did not feel confident enough to assess whether a given re-
content’s reliability source contained accurate and reliable content
i05 | Feelings of social iso- | Resources and learning environments that target CS students or profes-
lation sional programmers often created feelings of social isolation among par-
ticipants
i06 | Easy to forget details | It was easy for participants to forget programming definitions and de-
tails because they did not apply what they learned directly on-the-job

We discuss a possible approach to solve conversational programmers’ issues by lev-
eraging our findings about the differences between Type 1 and Type 2 appeared as
primary differences and second-order differences.

While Type 1 story only expands to a single chronological or logical direction as it
is described in Figure 2, Type 2 story not only expands to that direction but also to the
alternative solution and complexity direction as it is described in Figure 3. This situa-
tion is depicted in Figure 4. In Figure 4, Selection 1 is the operation to reduce the num-
ber of solution alternatives and Selection 2 is the operation to reduce the complexity of
each technical topic. A connection is an operation to set the context between the tech-
nical topics to connect them chronologically or logically. If the connections are care-
fully designed, the learners can follow the learning path without needing to find a clear
path to achieve the learning goal by themselves.

26

___________

Learning

Goal

;
;
?

_______

_______

_______

Deseription:

[:] Selection 1

@&—— Time or Logical Dependency

! : Selection 2

i Connection

&——e No Time nor Logical Dependency

Fig. 4. Operations in Type 1

http://www.i-jet.org



Table 6 shows how each operation in Type 1 is associated with the conversational
programmers’ issues as the solution. It is O-marked where the operation can be a solu-
tion to the issue.

Table 6. Operation as a solution to the issues

Operation Description Issue ID

i01 | i02 | i03 | i04 | i05 | i06

Selection 1 | Reduce the choice of multiple solutions (0] (0]
Selection 2 | Reduce complexity and abstraction choices o o 0o o )
Connection | Organize chronological or logical stories o o )

Following are the list of operations and issue 1Ds with the reasons why they are O-
marked in Table 6. The id in the parentheses is the Issue ID in Table 6.
Operation: Selection 1

e (i01) Time is reduced by the limited learning scope.

e (i05) Because the learning scope is limited, the learners can feel that they can partic-
ipate in discussions.

Operation: Selection 2

e (i01) By limiting the learning tasks, the learning scope is further reduced than Selec-
tion 1.

e (i02) The learners only learn the syntax and logic they need to achieve the learning
goal.

® (i04) Since the scope of each learning topic is limited and typical, the credibility of
the learning contents can be investigated by the learners.

e (i05) Since the scope of each learning topic is limited, learners are less likely to get
lost in the discussions.

e (i06) Lectures are designed to teach only the minimum necessary to achieve a learn-
ing goal, so there are fewer things to remember to complete a lecture.

Operation: Connection

e (i03) Since the learners are taught only the minimum necessary to achieve the learn-
ing goal, they feel everything they learn is relevant to achieve the goal.

e (i05) Since the relationship between the learning topics is structured, and the alter-
native links are eliminated for the sake of simplicity, the learners are less prone to
get lost in the discussions.

o (i06) The learning topics are not separated, but they make up a single story, making
them easy to remember for the learners.
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By the way, the difference (Difference ID) between Type 1 and Type 2 that was
revealed from the comparison of this study affects the three operations of “Select 17,
“Select 27, and “Connect”. Following is the reason why those operations are affected
by the difference between Type 1 and Type 2 from the Type 1 perspective:

DiffL_1:

e Selection 1: The most typical and necessary minimum technical elements will be
selected.
e Connection: A chronological or logical connection is envisaged.

Diffl_2:
e Connection: Chronologically or logically related main topics are selected.
Diffl_3:

o Selection 2: Learning tasks with a low level of complexity and abstraction are se-
lected.

Diff2_1:

e Connection: The goal is achieved with a chronologically or logically connected
structure.

Diff2_2:
o Selection 2: Select the minimum learning tasks required for the subtopic lecture.
Diff2_3:

o Selection 2: In the implementation of the exercise, the minimum necessary exercises
are implemented as a core exercise group, and for learners who are a little more
advanced, the extended exercises relevant to the core exercises are provided.

Diff2_4:
o Connection: The first lecture is a chronological overview of the subject

Therefore, the difference between Type 1 and Type 2 affects the problem of the con-
versational programmer as a result of affecting the three operations “Selection 17, “Se-
lection 2”, and “Connection”. For the above reasons, the more prominent these differ-
ences are, that is, the more prominent the Type 1 features, the higher the probability
that the problem of the conversational programmer can be solved. Table 7 summarizes
which operations are affected by the difference between Type 1 and Type 2, and as a
result, which conversational programmer's problem (Issue ID) is likely to be solved.
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Table 7. Effect of Differences in how stories are created upon the conversational
programmers' problems

Difference | Selection 1 Selection 2 Connection Issue ID
1D

io1 | i02 i03 i04 | i05 | i06
Diffl_1 (0] (0] (6] (6] O O
Diffl 2 ) ) 0 0
Diffl 3 ) ) 0 ) 0 0
Diff2_1 (6] (6] O O
Diff2 2 ) ) 0 ) 0 0
Diff2_3 (6] (6] O (6] O O
Diff2 4 ) ) 0 0

6.2  Comparison of Typel and Type2 from multiple viewpoints

Table 8 shows the relative and general differences between Type 1 and Type 2 from
multiple viewpoints. The viewpoints are listed at the left end of Table 8, and the reasons
are shown at the right end. This comparison is relative and general but provides addi-
tional insights over the difference of the story types because it leads us to think the
difference in a larger context than a teaching material context. Moreover, Table 8 could
be used as a general guide for selecting an appropriate story type in achieving a given
educational goal.

Table 8. Comparison of Typel and Type2 from multiple viewpoints

Viewpoint Past to Present Present to Reason
Future
Learning Time short long Diff1_1, Diffl_3, Diff2_2,
Diff2_3
Story clarity clear unclear Diff1_1, Diffl_2, Diff2_1
Ease of remembering easy difficult Diff1_2, Diffl_3, Diff2_2,
Diff2_3
Number of technical topics few many Diffl_1
Technical depth shallow deep Diff1_3
Flexibility for unknown chal- small large Diff1_1, Diffl_3
lenges
Ease of making teaching materials | difficult easy Diff1_2, Diff2_3
Versatility of teaching materials small large Diff1_2, Diffl_3, Diff2_3
Dependence on learner experience | large small Diffl 2, Diff1_3

6.3  Limitations and future research topics

In this study, we compared a story-building method which is effective for non-tech-
nical people created from a “past to present” perspective with a story-building method
which is effective for technical people created from a “present to future” perspective
and then evaluated the difference between the two story-building methods. However,
we did not evaluate if the story-building method for non-technical people also works
for technical people, nor the story-building method for technical people works for non-
technical people (Table 9). It would be worth verifying the effectiveness of the stories
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under the different groups of people. Also, investigating the influence of the instructor’s
skill on the learning outcomes would be useful to make the teaching materials not rely-
ing on the instructor’s skill.

We know the fact that the story with chronologically or logically connected learning
topics reduced the cognitive workload for non-technical people when they learn com-
plex technology [9] and now we identified the characteristics of such a story in this
study, but we do not know why it works. It an open research topic to find a hypothesis
which can explain the reason why it works. We also know that it has been revealed that
there are five problems with a story created from a “present to future” perspective when
it is provided completely online [22]. It is worth researching the solutions for these
problems by utilizing the foundlings in this study. In addition, since new technologies
can change rapidly and drastically, learners would be put in a situation where they have
to advance their learning in the absence of teachers. Research on how we can apply the
features of story-building methods in a learning environment where learners teach each
other online or offline would contribute to making the education scalable.

Table 9. Limitations of the coverage of the study

Past to Present Present to Future
Non-technical People (@) X
Technical People X 0

7 Conclusion

The novelty of this research is that the proposal of perspectives that reveal the dif-
ferences in the stories used for emerging technology education and that we have iden-
tified the features of one of the effective stories suited for non-technical adult learners.
We classified the story for non-technical people as a story created from a “past to pre-
sent” perspective and the story for technical people as a story created from a “present
to future” perspective and compared them in terms of story-building methods.

The story created from “present to future” perspective” has a large learning space
and the learners are expected to acquire new knowledge for the purpose of being capa-
ble of dealing with unknown problems in the future. Also, the technical people are ex-
pected to find the relationships among the learning topics by themselves to achieve the
learning goal.

On the other hand, the story created from a “past to present” perspective provides
carefully designed connections between the learning topics in a way they make the story
so linear that the learners clearly see the path to the learning goal. It indicates that it is
not a small step instructional strategy which makes the story easy to understand, but it
is theses carefully designed connections that make the learning materials linear and easy
to understand. The drawback of this approach is that finding such connections could be
time-consuming for the people who prepare solid learning materials.

Since the adult learners could take advantage of their experience to work with learn-
ing topics, if a connection between the learning topics is properly provided, they could
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go through the learning path within a short time. It indicates that a story created from a
“past to present” perspective may be more effective for adults than children.

In addition, it is suggested that the more the features of the Type 1 story are empha-
sized in a way the difference between the two stories revealed in this study becomes
clearer, the more likely it is to solve the problem [4] of adult learners called conversa-
tional programmers.

A future research topic is to understand the reason why a story created from a “past
to present” perspective reduces the cognitive workload for non-technical people when
they learn complex technology. Other research topics include research on how to solve
problems that occur when a story created from a “present to future” perspective is pro-
vided online, and whether the two story-building methods discussed in this study work
effectively even in a learning environment where the learners teach each other.
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