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Abstract 

This study proposes and evaluates an effective teaching method for non-technical adults who 

want to gain an authentic understanding of artificial intelligence (AI) within a short time budget. 

Recent studies have revealed the existence of non-technical business professionals who want to 

improve their participation in technical discussions and identified their needs for learning tech-

nologies effectively using real programming tools. The proposed teaching method utilizes the 

story aligned with the history of AI, visual feedback, and agile practices to overcome the chal-

lenges the non-technical adults face. In this study, we evaluated the effectiveness of the proposed 

teaching method by the open coding method and by the paired t-test over the responses to the 

questions based on the expectancy-value theory before and after the lecture. We found that this 

teaching method effectively supported the learners to understand the core technical concepts of 

AI using authentic tools within a day. We also confirmed that the non-technical adult learners 

had significantly changed their attitude from initially negative to positive in terms of expected 

success and value in understanding AI, which is one of the essential outcomes for the learners as 

they predict the learner’s performance on understanding AI in the future. 

Keywords: adult learners, technology education, programming, storytelling, visual method, agile 

method, artificial intelligence 

1 Introduction 

Recent studies have revealed the existence of conversational programmers that represent a class 

of non-technical adults who are not required to write programming code in the job but try to learn 

programming [1][2][3] to improve their participation in technical conversations and to increase 

their value in the labor market. Unfortunately, most of the existing learning recourses for studying 

programming are not designed for them but designed for technical people or for young school 

students who are technical professional candidates. Therefore, to find effective teaching methods 

optimized for conversational programmers is identified to be one of the research areas to address 

their needs [3]. 
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The purpose of this study is to propose the use of stories, visual feedback, and agile teaching 

method for non-technical adult learners who want to gain an authentic understanding of AI within 

a short time budget. In order to mitigate the failures of business professionals in learning tech-

nologies, this study worked on the following issues.  First, non-technical adults might not be able 

to understand programming at all [4]. Second, it becomes difficult to understand concepts and 

mathematical equations if learners cannot implement them [5]. Third, learners might lose their 

learning motivation if they cannot complete the given tasks [6]. 

The novelty of this study is that we found the fact that non-technical adult learners can go through 

the lecture with the authentic programming tools and change their expectation of success in un-

derstanding AI within a short time budget. The proposed method not only changed a learner's 

attitude from negative to positive but also promoted their interest in learning AI without affecting 

their feeling about the utility value of the learning subject. 

Section 2 summarizes the related works. Section 3 explains the proposed methods to solve the 

three issues. Section 4 provides the evaluation method of the proposed method and the results. 

Section 5 discusses the results. Section 6 concludes with future research topics. 

2 Related Works 

The use of a computer in education has been conducted by many researchers since Alan J. Perlis 

first suggested [7] that every university student should study computer science in 1961. However, 

most of the studies have been done with young students in the classroom [8] and not for the non-

technical adults who try to gain an authentic understanding of the latest technologies. 

2.1   Using programming to learn other subjects 

Even though it has been argued for a long time if learning programming or computational think-

ing develop knowledge transfer on the other subjects [9][10], there is little evidence to believe 

learning programming yields such knowledge transfer. On the other hand, there are several stud-

ies that show the benefit of programming as a medium when it is used to teach other science 

subjects [11][12]. For example, a case study showed the effectiveness of the use of programming 

to teach Physics by demonstrating students’ good understanding of the meaning of Physics equa-

tions [13]. This method (i.e., using programming to learn other subjects) might work effectively 

to meet the goal of conversational programmers too.  However, there is no study that has validated 

if this method works for non-technical adult learners yet. 

2.2   Finding the link between concept and its implementation 

The link between a high-level abstract concept and its low-level implementation done by pro-

gramming is hard to conceive [5]. An attempt to show such a link is tried in Kobayashi’s study 

[14]. In this study, the top-level concept and the implementation level elements are connected by 

the conceptual diagram using Goal Structuring Notation (GSN) [15], and it was provided to the 

learners upfront. Since the link between the top-level concept and low-level implementations was 

given through GSN, the students did not have to find the relationship between them by them-

selves. The problem with this method is that students lose the opportunity to find the relationship 

between high-level concepts and its low-level implementation unless they do not create GSN by 

themselves. 
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2.3   Agile teaching method 

The agile method was born in 2001 with Agile manifesto [16] and practices in the context of 

software development. One of the essences of the agile method is the flexible attitude toward the 

unknown future. The agile method promotes the behavior of many small trials to find the right 

way to solve problems. If learners are unsure if they understand the learning objectives correctly, 

they can try their thoughts and correct it if it happens to be wrong. This process is very similar to 

the process proposed in the agile method as the agile manifesto says it is a good practice to find 

the working solution by doing. 

3 Proposed Method 

In order to make non-technical adult learners feel that they gain an authentic understanding of AI 

or engender reasonable expectation of success in learning AI, the proposed teaching method uses 

authentic tools and environment which professionals use. Learners are going to experience the 

authentic process and build a neural network by themselves by the end of the lecture. 

To achieve the goal of this teaching method, we challenged to overcome three issues, (1) Non-

Technical adults might not be able to understand programming at all. (2) It becomes difficult to 

understand concepts and mathematical equations if learners cannot implement them. (3) Learners 

might lose their learning motivation if they cannot complete the given tasks. We discuss each 

method which we deployed to solve these issues. 

3.1   Learning programming through real-life stories and the history of AI 

Adult learners often ask for the reasons why they need to learn the topics given to them. The use 

of the history of AI as the base storyline (Figure 1) helps the adult learners to understand the 

reasons behind the technology by knowing not only the final form of the technology but also the 

problems the technology had to overcome in the past like the down arrows on Figure 1. Due to 

the limited learning time of a typical adult learner, the scope of AI topics covered in Figure 1 is 

limited to those topics needed to understand and build a handwritten numerical classification code 

from scratch. 

Figure 1. History of AI (adapted from Seya et al. [17]) 
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Also, adult learners have more real-life experiences than young students at school. For example, 

we could assume that adults have tax pay experience in real life. Figure 2 is a code example of 

calculating tax. It is highly possible for the learners to guess what is written in the code correctly 

because the learners can associate their real experience of paying tax. We tried to resolve the first 

issue, “The non-technical adults might not be able to understand programming at all.” 

Figure 2: Code with a real story 

3.2   Implementation of concepts with the help of visual clues 

Unfortunately, it is not easy to use a real-life story as a metaphor to explain highly abstracted 

mathematical concepts and algorithms. Moreover, there are several ways to implement such con-

cepts and algorithms. Therefore, it is difficult for a novice programmer to implement them from 

scratch. In order to cope with this type of difficulty, we propose to prepare uncompleted imple-

mentations and let the learners fill the blanks to complete the implementation. With this method, 

the uncompleted implementations are prepared with the visual clues between the abstract concept 

and its implementation to help the learners find the link between them by themselves. Figure 3 is 

an example of the mathematical algorithm (i.e., highly abstract concept), and its implementation 

is presented with visual clues that help the learners easily find the link between them. We tried to 

resolve the second issue, ‘It becomes difficult to understand concepts and mathematical equations 

if learners cannot implement them.’ 

Figure 3: Visual clue between the abstraction and its implementation 

3.3   Managing the learning tasks with small agile steps 

In order to enable an agile learning method, it is necessary to provide a learning environment 

where the learners are allowed to work on the learning tasks in a try and error fashion. We 
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provided Jupyter Notebook [18], an open-source environment, in our lecture designed for our 

study. Jupyter Notebook is composed of two types of cells. A code cell is where the code is written 

and executed, and a markdown cell is where the texts and images go in for the purpose of docu-

menting the story attached to each learning task. The code put into a code cell can be executed 

anytime. Since code cells can be created as many as learners want, the learners can leave several 

code cells as the history of their work. This feature allows the learners to work on the learning 

tasks in a try and error fashion, and therefore it realizes the aim of the agile method. We tried to 

resolve the third issue, “Learners might lose their learning motivation if they cannot complete the 

given tasks.” 

4  Evaluation Method & Result 

We designed a basic AI course for non-technical adult learners as a blended course using the 

proposed teaching method. The summary of the evaluation method is depicted in Figure 4.  

Figure 4: The flow of AI lecture (modified from Seya et al. [17]) 

Pre-Lecture: In this course, the participants are asked to take an online lecture to study the min-

imum amount of programming and mathematics required before the first lecture conducted in the 

class. 

Lecture and Hands-on Labs: Lectures were provided in person, and hands-on labs were pro-

vided online using Jupyter Notebook. A hands-on lab is provided, followed by a lecture associ-

ated with it (i.e., they are paired). We created six paired blocks, and participants were asked to 

work on a small hands-on lab by themselves so that they could go through the course in a small 

step-by-step fashion and build a neural network by themselves by the end of the lecture. 

Since each paired block was designed as a 1.5 hour-long block, it was possible to provide the 

whole lecture within a day. The titles of six lectures were as follows: ‘History of Artificial Intel-

ligence,’ ‘Linear regression,’ ‘Logistic regression,’ ‘Multi-Classification,’ ‘Image Representation,’ 

and ‘Neural Network.’ 
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By the quantitative analysis and the qualitative analysis over the participants in this lecture, we 

evaluated the effectiveness of the proposed teaching method. Responses were given on a five-

point ordinal scale, ranging from - 2-"disagree," to +2-"agree," with 0 representing "neither agree 

nor disagree." Participants are asked to answer the same question before and after the lecture in 

the class (Figure 4).  

Table 1: List of questionnaires 

Effectiveness of Visual Method 

e01 Do you think the visual aids such as graphs and images, which you were provided as you 

went through the class materials, supported your understanding of learning objectives? 

Effectiveness of Agile Method 

e02 Do you think it is a good style to take a lecture and do a hands-on lab in a parallel fashion? 

Expected Success 

q01 In the future, do you feel you will be able to understand AI deeply with confidence? 

q02 In future, do you feel you will not be able to follow the lecture for understanding AI?* 

q03 In the future, do you feel you will be able to understand the lecture for understanding AI? 

q04 In the future, do you feel you will receive a good grade in understanding AI? 

q05 In the future, do you feel you will be not able to understand AI? * 

q06 In the future, do you feel you will be not good at understanding AI? * 

Expected Value (Internal Value) 

q07 Do you think understanding AI is interesting? 

q08 Do you think the class for understanding AI is fun 

q09 Do you think you like to study to understand AI? 

q10 Do you think studying AI is not interesting? * 

q11 Do you think studying AI is fun? 

q12 Do you think it is fun to solve the problems to understand AI? 

q13 Do you think you like to understand AI 

Expected Value (Utility Value) 

q14 Do you think it is important for you to be able to understand AI? 

q15 Do you think understanding AI is very useful for your future? 

q16 Do you think understanding AI does not have much impact on your future? * 

q17 Do you think what you learn about AI in the class is important? 

q18 Do you think what you learn about AI in the class is useful for the other subjects too? 

q19 Do you think it is important for you to understand AI than others better? 

q20 Do you think what you learned to understand AI is useful in daily life? 

q21 Do you think it is important for you to understand AI deeply? 

q22 Do you think it is very important for your future to have knowledge about AI? 

*Negative Question

The expectancy-value theory [7] says that the expected success and value on the learning subject 

predict how well the learners will perform on the subject, and the value of the subject predicts if 

the learners will continue to make an effort on learning the subject. Therefore, we evaluated our 

teaching method based on this theory to evaluate if our goal is met or not. To create the list of 

question items to measure the expected success (Table 1), we took the question items created by 

Ichihara and Arai [19], which was created to measure the expected success and the expected 
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values for the students learning mathematics, and replaced ‘mathematics’ with ‘AI’ to measure 

how confident the students are about understanding AI before and after the lecture. 

In this study, in order to analyze the effectiveness of the agile method we deployed, we created a 

question item e02 and asked its reason in a free format. We used the open-coding method [20] to 

analyze free descriptive answers with the following procedure: 

Step 1: View the free answers and pick those are related to the three issues this teaching method 

tried to solve and learners’ success expectation for understanding AI. The viewpoint set as "solv-

ing the three issues" and "learners’ success expectation obtained in this course" for Affinity Dia-

gram grouping, in order to evaluate solving the three issues and increasing learners’ success ex-

pectation. 

Step 2: Look for, from the aforementioned viewpoint, the descriptions relate to structuralizing 

with multiple viewpoints, and sort them into groups. 

Step 3: Write titles for each group that summarizes the essence of the group, at a slightly higher 

level of abstraction (called “Open coding results” in this study)  

In order to ensure the reliability of the open-coding result generated by the first author, we{1 

validated the result with an open-coding specialist [21]. 

4.1   Profile of Participants 

The participants in this lecture were business professionals coming from a wide range of indus-

tries, ages, job roles, and different levels of programming skills. In this study, we define a business 

professional as a person who has a job in a company. Table 2 summarizes the profiles of partici-

pants. 

Table 2: Profile of participants 

Job Role Number of 

Participants 

Manager 11 

Clerical Work (Human Resource, General Affair, Account, Communication) 14 

Sales 12 

Marketing 7 

Strategic Marketing Planning 11 

Strategic Engineering Planning 10 

Engineer 9 

Other 16 

Age 20~24 24~29 30~34 35~39 40~44 45~49 50~54 55~59 

Number of 

Participants 

3 2 3 14 24 23 19 2 

Programming Experience No Experience Entry level Junior level Senior level 

Number of Participants 58 24 6 2 
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From the 90 participants above we selected 75 target participants as non-technical adult learners 

by removing participants who played engineer role in the office and who had a junior or senior 

level of programming expertise because they were close to a technical professional in terms of 

their programming expertise although she or he served a non-technical role in the office. Further-

more, we removed all the participants who take the engineering role in the office even though 

they claimed themselves to belong to ‘No Experience’ and ‘Entry level’ because they might un-

derestimate themselves.  

4.2   Evaluation Result: Effectiveness of Agile Method 

We evaluated the effectiveness of agile method by the question item e01, ‘Do you think the visual 

aids such as graphs and images, which you were provided as you went through the class materials, 

supported your understanding of learning objectives?’, and by the question item e02, ‘Do you 

think it is a good style to take a lecture and do a hands-on lab in a parallel fashion?’. These ques-

tions items were asked to the participants after the lecture.  

Table 3 is a summary of the results over the question items: e01 and e02. Table V is the result of 

the open coding to analyze the reason for the answer e02 (i.e., the reason why the participants felt 

the agile method was effective). 

Table 3: Participants' attitude about the visual and the agile method 

Minimum Maximum Median  Average Standard Deviation 

e01 0 3 3 2.533 0.704 

e02 -2 3 3 2.36 1.0 

Table 4: The open coding result about the reason why the agile method works 

 for non-technical adult learners 

Open Coding Result Number of 

Sentences 

Actual programming experience improves my understanding of the subject. 34 

Doing hands-on labs as soon as its lecture is presented helps me understand 

the lecture deeply. 

27 

Because the connection between the concept and what I'm doing in its 

hands-on labs becomes clear. 

17 

Above all, it is fun, and I can learn independently in this way. 3 

Evaluation Result: Teaching Method 

Table 5, Table 6, and Table 7 are the summaries of a paired t-test over the question items: q01~q22 

in Table 1, which were asked to the participants before and after the lecture. Table 5 shows how 

the participants’ success expectation changed, Table 6 shows how the participants’ expected value 

changed in terms of learner’s internal value of AI, and Table 7 shows how the participants’ ex-

pected value changed in terms of learner’s utility value of AI. 
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Table 5: Participants’ success expectation change 

ID 

Paired Differences 

t df P Value (2-tailed) Mean 

Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

q01 -1.35 1.19 0.138 -1.62 -1.07 -9.79 74 0***

q02 1.17 1.78 0.206 0.764 1.58 5.71 74 0*** 

q03 -1.2 1.52 0.175 -1.55 -0.85 -6.86 74 0*** 

q04 -1.4 1.22 0.141 -1.69 -1.12 -9.94 74 0*** 

q05 0.97 1.60 0.185 0.605 1.34 5.26 74 0*** 

q06 0.85 1.35 0.156 0.542 1.17 5.46 74 0*** 

*** Significant at P<0.0001 

Table 6: Participants’ expected value change (Internal Value) 

ID 

Paired Differences 

t df P Value (2-tailed) Mean 

Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

q07 -0.21 0.859 0.099 -0.411 -0.02 -2.15 74 0.035* 

q08 -0.49 0.991 0.114 -0.721 -0.27 -4.31 74 0*** 

q09 -0.48 1.07 0.124 -0.726 -0.23 -3.89 74 0*** 

q10 0.253 0.807 0.093 0.068 0.439 2.72 74 0.008* 

q11 -0.36 1.022 0.118 -0.595 -0.13 -3.05 74 0.003** 

q12 -0.68 1.187 0.137 -0.953 -0.41 -4.96 74 0*** 

q13 -0.48 0.828 0.096 -0.67 -0.29 -5.02 74 0*** 

*** Significant at P<0.0001, ** Significant at P<0.005, * Significant at P<0.05 

Table 7: Participants’ expected value (Utility Value) 

ID 

Paired Differences 

t df P Value (2-tailed) Mean 

Std. 

Dev. 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference 

Lower Upper 

q14 -0.25 0.824 0.095 -0.443 -0.06 -2.66 74 0.009** 

q15 -0.07 0.777 0.09 -0.245 0.112 -0.74 74 0.46 

q16 0.28 1.236 0.143 -0.004 0.564 1.961 74 0.054 

q17 -0.19 0.833 0.096 -0.378 0.005 -1.94 74 0.056 

q18 -0.03 1.174 0.136 -0.297 0.243 -0.2 74 0.845 

q19 -0.17 1.245 0.144 -0.46 0.113 -1.21 74 0.232 

q20 -0.04 1.224 0.141 -0.322 0.242 -0.28 74 0.778 

q21 -0.15 0.896 0.103 -0.353 0.059 -1.42 74 0.16 

q22 0 0.735 0.085 -0.169 0.169 0 74 1 

** Significant at P<0.005 
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5 Discussion 

The effectiveness of the visual method and the effectiveness of the agile method for non-technical 

adult learners are shown in Table 3 as the results of question item e01 and e02, respectively. Their 

highly positive average scores, 2.53 for e01 and 2.36 for e02, suggest that both methods were 

well accepted by the participants and positively supported participants’ learning process. 

The reason why the participants thought the agile method we deployed in this lecture worked 

well for them was analyzed by the open-coding method. The agile practice of learn-by-doing is 

represented in the first category, ‘Actual programming experience improves my understanding 

of the subject.’, and the comments related to this category appeared 34 times. The agile practice 

of iterate-small-steps is represented in the second category, ‘Doing hands-on practices as soon as 

its lecture is presented helps me understand the lecture deeply.’, and the comments related to this 

category appeared 27 times. These results suggest that the agile method worked in the same way 

it works in software development. 

The third category, ‘Because the connection between the concept and what I'm doing in its hands-

on practice becomes clear.’, suggests that the participants understood abstract concepts and algo-

rithms by actually implementing them. We could see that the agile method played an important 

role for participants to find and understand the link between concept and its implementation. The 

last category, ‘Above all, it is fun, and I can learn independently in this way.’, suggests that the 

adult learners were self-directed and enjoyed the learning process [22]. This is one of the desired 

effects that we planned to have in the lecture by introducing the agile method in our teaching 

method. 

According to the expectancy-value theory, the expected success and the value the learners put on 

the learning subject predicts if the learners can successfully complete the learning process and if 

they continue to learn the subject by themselves in the future. The change in the expected success 

appears in Table 5. All the paired differences in Table 5 were confirmed to be statistically signif-

icant in terms of the average value with P<0.0001, which shows a very strong shift to the positive 

side. The change in the internal value (i.e., how much the learners feel the subject interesting and 

fun) appears in Table 6. All the paired differences on this table are also statistically significant, 

which indicates the increased interest in AI. The change in the utility value (i.e., how much the 

learners feel the subject useful) appears in Table 7. While the statically significant change is found 

on q14, ‘Do you think it is important for you to be able to understand AI?’, the other items on the 

table does not indicate statically meaningful shift because the learners felt the usefulness in un-

derstanding AI before taking the lecture and they stayed the same after the lecture. 

Limitations and Future Work 

In this study, we did not explore implications related to age, gender, nationality. Although we 

confirmed the effectiveness of the use of stories, visual feedback and agile method for non-tech-

nical adult learners who want to get an authentic understanding of AI, we do not know other 

possible factors which engender positive changes in learners’ attitude. We also did not explore 

the effectiveness of this method when it is provided in different types of learning environments, 

such as online. 
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6 Conclusion 

The purpose of this study was to propose the use of stories, visual feedback, and agile teaching 

method for non-technical adult learners who want to gain an authentic understanding of AI within 

a short time budget.  

With the proposed method, we tried to overcome the following three issues: (1) The non-technical 

adults might not be able to understand programming at all. (2) It becomes difficult to understand 

concepts and mathematical equations if learners cannot implement them. (3) Learners might lose 

their learning motivation if they cannot complete the given tasks. 

We designed and conducted an AI course with authentic programming tools and environment for 

non-technical adult learners as a blended course using the proposed teaching method. By the 

quantitative and qualitative analysis, we confirmed that non-technical adult learners had signifi-

cantly changed their attitude in understanding AI from initially negative to positive t in terms of 

expected success and expected value within a day-long time budge. 

Further researches are needed for the following topics: 

⚫ Study how the proposed method can be implemented with scalability

⚫ Study if the proposed method can be extended to the other subjects

⚫ Reveal the effectiveness of the proposed teaching method for technical learners too
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