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Abstract: In this study, we analyzed the results of the scoring of program codes created in the Scratch 

programming course held by Nagoya City University for Upper Elememtary school students who participated on 

July 15, 2021 (18 students), June 30, 2022 (19 students), and July 6, 2023 (20 students). On the day of the course, 

each student programmed an entry-level assignment in the Scratch certification textbook provided by the 

university. The input programs were recorded on Google Drive and shared with the instructor. We analyzed the 

relationship between correctness and incorrectness of each student's program input on Google Drive using 

Bayesian Item Response Theory, and confirmed the transition of participants' proficiency levels from year to year, 

the appropriateness of the questions, and the difficulty level that participants seemed to perceive. From these 

results, we can confirm the trend of the awareness of Scratch programming in the 2021-2023. 
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1. INTRODUCTION 

In order to promote information education in Japan, the 

new Courses of Study, which will be implemented 

sequentially from 2020, will make “programming 

education” compulsory from 2020 for elementary 

schools, from 2021 for junior high schools, and from 

2022 for high schools. It is very interesting to investigate 

the changes that will occur as the use of  IT environment 

becomes a part of children's daily lives. In order to 

investigate these changes in the environment and the 

current programming education for children, our 

laboratory has been conducting programming classes 

mainly for elementary, junior high, and high schools in 

cooperation with local schools and organizations since 

2019. The Scratch language is particularly suitable for 

elementary and junior high school students to learn 

elementary programming, and Kozakai et al. (2023) 

held a delivery class of Scratch programming to a junior 

high school in Nagoya, and conducted a survey based on 

the results of questionnaires on interest in programming, 

degree of difficulty, and degree of desire to work in 

programming. In addition, in our previous study 

(Kozakai et al., 2022), we have also conducted a study 

on automatic grading in Python, and we are now 

examining whether it is possible to do the same for 

Scratch. There are various other educational studies 

based on Scratch, but they are at the level of 

questionnaire surveys for hands-on learning, and there 

are no studies that specifically examine the educational 

level at the current stage or show the level of 

understanding of each question. In this study, we 

conducted a survey of upper elementary school students 

who participated on July 15, 2021 (18 students), June 30, 

2022 (19 students), and July 6, 2023 (20 students) in a 

Scratch programming course (Entry-level examples 

from the Junior Programming Certification textbook 

(Fujitsu FOM Corporation, 2019)). We analyzed the 

scoring results of the program codes collected in this 

programming course. We analyzed the correctness and 

incorrectness trends of the programs entered by upper 

elementary school students, and investigate the 

difficulty and appropriateness of the questions, as well 

as transitions and trends in programming proficiency 

from year to year using Bayesian Item Response Theory. 

The collected data is only used for research and the 

secrecy is always protected. The identification of 

individuals will be impossible due to the masking of 

data. 

2. RELATED WORKS

The importance of primary and secondary education 

for programming education has received particular 

attention. Kanemune(2019) describes the new 

curriculum that will start in the 2020 school year and the 

research needed in accordance with the new curriculum. 

In addition, Sato (2023) describes a method of 

supporting programming education related to Scratch. 

There have been studies by Hideki Mori et al. (2010, 

2011) and Makoto Nakazawa et al. (2016), who 

investigated the practical education of Scratch and its 

comprehension, to analyze the reasons for not being able 

to understand it in their learning histories. In addition, 

there is a study by Susono et al. (2022) on educational 

methods using Scratch for STEM education (Science, 

Technology, Engineering, and Math). While there have 

been many studies on new research contents, 

educational methods, and comprehension based on the 
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changes in the Courses of Study, there have been few 

studies on learning abilities that have changed as a result 

of the changes, or studies on current educational issues 

based on specific scoring results for each code. 

Therefore, in this study, based on the Bayesian item 

response theory, we investigate the changes in learning 

ability, learning proficiency, and appropriateness and 

difficulty of the problems after 2021 based on the 

example problems of the Entry Level of Scratch. This 

study clarifies the learning ability and the level of 

understanding at the code level of current upper 

elementary school students. 

3. OVERVIEW OF THE SCRATCH

PROGRAMMING LANGUAGE USED

Scratch is used in elementary education to teach what 

is possible through programming. Scratch can be easily 

assembled by simply connecting the prepared blocks, 

and can be used to create animations, presentations, 

stories, and games at any level of freedom. In Fig. 1, a 

crab is running away and a shark is chasing it. The green 

flag in the upper left corner executes the program, while 

the pink button in the adjacent hexagon stops it. The 

program can be found on the ‘Programming with 

Scratch’ website ([Scratch for Beginners] Let's make a 

game in which you run away from sharks! (2024))  

Fig 1. Diagram of a shark in pursuit and a crab 

fleeing. 

Fig 2. Program of a crab migration method. 

explains an example program in which the starting 

position of the shark is fixed at the upper right corner 

and the crab can move up and down, left and right. The 

background (Under Water is specified in Figure 1) and 

sprites (showing crabs and sharks) can be determined, 

and the size and orientation of each sprite can be 

specified. In addition, the behavior of each sprite can be 

specified by connecting blocks (Fig. 2). Fig. 2 shows the 

behavior of a crab created by connecting blocks. By 

specifying the behavior of each sprite in this way, we 

can specify the movement of each sprite. Many 

implicitly important program elements, such as 

conditional branching ‘if ~,’ repetition of ‘repeat until’ 

and ‘always,’ are included in the sprites. In the following 

sections, we will evaluate whether each block of actions 

is appropriately programmed by the participants based 

on the ‘target’ and ‘sprite,’ which indicate the target of 

the movement, and the ‘source,’ which supports the 

decision of the action. 

4. OUTLINE OF IMPLEMENTATION OF

SCRATCH PROGRAMMING COURSE

In the Scratch programming course for junior high 

school students in the 2021-2023 school year, exercises 

for the Entry level of the official textbook of the Junior 

Programming Proficiency Test were distributed and the 

course was conducted based on the contents of the 

textbook. The exercises consisted of programming a 

case that the shark is chasing fish. In the case of the fish, 

the program contents included the following operations. 

1. the display of the fish (initial placement, when the flag

is pressed): The following actions are executed: ‘Point

to [90] degrees’, ‘x-coordinate is set to [200] and y-

coordinate to [140]’, ‘size is set to [50] %’, and ‘display’.
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2. Until the fish is eaten by a shark (conditional loop):

‘Go to [mouse pointer]’ is repeated until ‘touched

[shark]’ is displayed, and ‘hide’ and ‘[eaten]’ are sent

when the shark touches the pointer.

3. when the fish has escaped (conditional branch): When

the shark runs away (conditional branch): ‘When [Tired]

is received’, ‘Stop other scripts’, and ‘Say [I got away]’ 

are executed in this order.

Fig. 3 shows an example of a shark, which, when the 

flag is pushed, performs the following actions: ‘point the 

flag at [90] degrees’, ‘set the x-coordinate to [200] and 

the y-coordinate to [140]’, ‘set the size to [50%]’, 

‘display’, and when the mouse pointer is moved, the 

shark is hidden and ‘eaten’ is sent when it is touched by 

a shark. The program is designed to be used in a web site 

(Scratch). The program was created on the website 

(Scratch - Imagine Program Share (2019)). The program 

does not require any downloading, and can be used on 

the web screen. 

Fig. 3. Example of the program when the fish is 

touched from the display of the shark (when the 

flag is pressed). 

The program contents of the shark are as follows. 

1. placement and display of the shark (when the flag is

pressed): the following actions are performed, ‘Rotate

freely’, ‘x-coordinate is set to [-200], y-coordinate is set 

to [-150]’, and ‘size is set to [80] %’. 

2. Tracking of sharks to the fish (finite loop): The

following actions are performed in this order: ‘point to

[fish]’, ‘move [5] steps’ is repeated 100 times, then ‘stop

other scripts in the script’, ‘set the costume to [shark-c]’,

‘say [tired]’, and ‘send [tired]’ is sent. 3.

3. when a shark eats a shark (conditional branch): In this

order, ‘when [eaten] is received’, ‘stop other scripts in

the script’, and ‘say [tasty]’ are executed in this order.

4. the opening and closing of the mouth of the shark

when it chases the shark (infinite loop, when the flag is

pressed): The shark continuously opens and closes its

mouth when it chases a shark. In order to reproduce this

motion, the loop of ‘always’ repeats ‘set costume to

[shark-a]’, ‘[0.1] seconds wait’, ‘set costume to [shark-

b]’, and ‘[0.1] seconds wait’ in sequence.

The program is shown in Fig. 4. The program shown in 

Fig. 4 is an example of a shark. When the flag is pressed, 

the following actions are performed: ‘set the rotation 

method to [free rotation]’, ‘set the x-coordinate to [-200] 

and the y-coordinate to [-150]’, ‘set the size to [80]%’, 

‘move [5] steps’ is repeated 100 times from ‘point to 

[fish]’, and then ‘say [tired]’ to ‘send [tired]’ in that order. 

Fig. 4.  An example program of a shark chasing 

the fish(when the flag is pressed). 
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The input program files were collected in the form of sb 

files. The data were collected with the full approval of 

the participants. 

5. ON THE UNIDIMENSIONALITY OF

THE ITEM RESPONSE THEORY

In this chapter, we discuss unidimensionality (Kato et 

al. (2014)) in item response theory. In order to show that 

only a single θ representing Scratch programming 

ability is included in the present study, we obtained a 

categorical correlation matrix and compared the results 

in terms of the magnitude of its eigenvalues. The results 

for the years 2021 to 2023 are as follows.  

Fig. 5.  The scree plot of the eigenvalues in 2021 

Fig. 6.  The scree plot of the eigenvalues in 2022 

Fig. 7.  The scree plot of the eigenvalues in 2023 

Figures 5, 6 and 7 show very high values for the first 

eigenvalue. This means that unidimensionality is 

confirmed in the period 2021-2023. 

6. ANALYSIS OF LEARNING

PROFICIENCY, QUESTION DIFFICULTY, 

AND APPROPRIATENESS 

Based on the scoring results of the subject's codes for 

each year collected from 2021 to 2023, we analyzed 

each student's proficiency level, difficulty level of the 

questions, and appropriateness of the questions by item 

response theory. Item response theory has long been 

used as a fair assessment method for tests (Kato et al. 

(2014)) and has been used for English TOEIC and 

mathematics questions (Ozaki et al. (2007)) (Tsukihara 

et al. (2008)). The likelihood of the model (N subjects in 

total, n questions) is 

∏∏𝑃𝑗(𝜃𝑖 , 𝑎𝑗 , 𝑏𝑗)
𝛿𝑖𝑗(1 − 𝑃𝑗(𝜃𝑖, 𝑎𝑗 , 𝑏𝑗))

1−𝛿𝑖𝑗

𝑛

𝑗=1

𝑁

𝑖=1

where the probability of correct answers is 

𝑃𝑗(𝜃𝑖 , 𝑎𝑗, 𝑏𝑗) =
1

1 + 𝑒−1.7𝑎𝑗(𝜃𝑖−𝑏𝑗)

, 𝜃𝑖  is the learning proficiency level, 𝑎𝑗  is the

appropriateness of the question, and 𝑏𝑗 is the difficulty

level. If subject 𝑖  was able to solve question 𝑗 , then 

𝛿𝑖𝑗 = 1 , and if not, then 𝛿𝑖𝑗 = 0 . For example, when

𝜃𝑖 = 0, the probability of correct answer 𝑃𝑗(𝜃𝑖, 𝑎𝑗 , 𝑏𝑗) is

determined only by the appropriateness and difficulty of 

the question. If 𝑏𝑗 = 0 , it is determined only by the

appropriateness and learning proficiency of the question. 

When 𝑎𝑗  is higher than 1, it tends to significantly

increase the percentage of correct answers by 

participants with high learning proficiency, and vice 

versa. Possible cases are as follows 

Fig. 8.  Graph of curve in probability of   correct 

answer(Black：𝑎𝑗 = 𝑏𝑗 = 1, Red：𝑎𝑗 = 2, 𝑏𝑗 =

1, Green：𝑏𝑗 = 2, 𝑎𝑗 = 1).
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I. The question provides a certain degree of mastery, but

it is difficult to obtain a high degree of mastery for the

ability to learn (low appropriateness, low difficulty).

II. difficult as a question but good for participants with

high proficiency (high appropriateness and high

difficulty)

III. inappropriate as a question (low appropriateness,

high difficulty)

IV. appropriate as a question and relatively easy (high

appropriateness, low difficulty)

Bayesian modeling is performed on this model. This 

method allows analysis on small samples. Therefore, we 

developed the model for Bayesian estimation. The 

model structure and the estimation algorithm are 

described below. The posterior distribution is set to 

∏(𝑃(𝑎𝑗, 𝑏𝑗, 𝜃𝑖))
𝛿𝑖𝑗
(1 − 𝑃(𝑎𝑗 , 𝑏𝑗 , 𝜃𝑖))

1−𝛿𝑖𝑗

𝑖,𝑗

× 𝜋(𝑎𝑗)𝜋(𝑏𝑗)𝜋(𝜃𝑖) 
where 

𝜋(𝑎𝑗)~𝑁(1,1),   𝜋(𝑏𝑗)~𝑁(0,1),    𝜋(𝜃𝑖)~𝑁(0,1)

. The Metropolis Hasting method was used as the 

computational algorithm for the analysis. In the 

Metropolis Hasting method, for a vector 𝜗𝑘  of

parameters, the posterior sample is 𝜗𝑘
𝑗
 (where 𝑗  is the

number of updates and k is the number of parameter 

clusters). Then, introducing the proposed distribution 

𝑝(𝜗𝑘
𝑗+1
, 𝜗𝑘

𝑗
), sampling is performed and the adoption

probability is 

min

{

1,  

𝑓(𝑋𝑛|𝜗𝑘
𝑗+1
)𝜋(𝜗𝑘

𝑗+1
)

𝑝(𝜗𝑘
𝑗+1
, 𝜗𝑘

𝑗
)

𝑓(𝑋𝑛|𝜗𝑘
𝑗
)𝜋(𝜗𝑘

𝑗
)

𝑝(𝜗𝑘
𝑗
, 𝜗𝑘

𝑗+1
) }

and 𝜗𝑘
𝑗+1

  is adopted according to this probability.

Otherwise, 𝜗𝑘
𝑗
  remains. Therefore, the proposal

probabilities are as follows  

𝑝(𝑎𝑗
𝐾+1, 𝑎𝑗

𝐾) is 𝑎𝑗
𝐾+1~𝑁(𝑎𝑗

𝐾 , 1),

𝑝(𝑏𝑗
𝐾+1, 𝑏𝑗

𝐾) is 𝑏𝑗
𝐾+1~𝑁(𝑏𝑗

𝐾, 1),

𝑝(𝜃𝑖
𝐾+1, 𝜃𝑖

𝐾) is𝜃𝑖
𝐾+1~𝑁(𝜃𝑖

𝐾 , 1)

(𝑝(𝑎𝑗
𝐾 , 𝑎𝑗

𝐾+1) as well.). The initial values of 𝑎𝑗
0, 𝑏𝑗

0, 𝜃𝑖
0

are uniformly set to 2, 2, and 1, respectively. In the 

Metropolis Hasting method, the new parameter𝜗𝑘
𝑗
→

𝜗𝑘
𝑗+1

  is replaced by the adoption probability, but this

method causes extreme updates, which were seen as 

extreme as a learning method in the simulation results. 

Following calculation step 

𝜗𝑘
𝑗
→ (1 − 𝛾)𝜗𝑘

𝑗
+ 𝛾𝜗𝑘

𝑗+1

improves the value of the logarithm of the posterior 

distribution better. In the present calculations, γ=0.01 

was used for 20,000 calculations. The AUC and the 

mixing matrix (Table 1) are calculated with the 

probability of 0.5 or higher as the correct answer state 

of the scoring data, and the other values as the incorrect 

answers.  The ROC curves are shown below (Figures 9, 

10, and 11).  

Table 1.  Calculation results of the mixing 

matrices for fiscal years 2021/2022/2023. 

FY2021/ 
2022/2023 

Correct 
 answer 

(Predict) 

Incorrect 
answer 

(Predict) 
Correct 
answer 

(observed) 

147/262/328 24/39/30 

Incorrect 
answer 

(observed) 

21/66/31 312/165/171 

Figure 9.  Diagram of ROC curve for FY2021    

(AUC:0.96). 

Figure 10.  Diagram of ROC curve for FY2022    

(AUC:0.89). 

In addition, the values of the information function and 

the standard errors were measured in order to consider  
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Figure 11.  Diagram of ROC curve for FY2023    

(AUC:0.95). 

reliability. Probability of correct answer is defined by 

𝑃𝑗(𝜃) = 𝑃(𝑎̂𝑗 , 𝑏̂𝑗 , 𝜃)

(𝑎̂𝑗 , 𝑏̂𝑗are estimated values) 
and the amount of item information for the entire test is 

defined by the information function 

𝐼(𝜃) =∑𝑃𝑗
′(𝜃)/(𝑃𝑗(𝜃)(1 − 𝑃𝑗(𝜃)))

𝑗

(𝑃𝑗
′(𝜃) is the derivative value of 𝑃𝑗(𝜃)).

The standard error is able to calculate by the equation -

1/2 power of 𝐼(𝜃). The confidence interval of 𝜃 is 

𝜃 − 𝑧𝛼/2/√𝐼(𝜃) ≤ 𝜃 ≤ 𝜃 + 𝑧𝛼/2/√𝐼(𝜃)

. where is the 100 α % level point of the normal 

distribution. An estimator with a higher amount of item 

information and smaller confidence intervals is 

considered to be a good one. The actual estimated 

quantities are shown in Table 2, and the resulting 

accuracy is considered sufficient.  

Table 2.  The information function and the 

standard error of FY2021/2022/2023. 

2021/2022/202

3 

Information 

function 

Standard 

Error 

Maximum 14.85/13.39/16.4

9 

0.53/0.57/0.48 

Minimum 3.6/3.1/4.33 0.26/0.27/0.25 

6. RESULTS AND DISCUSSION OF

LEARNING PROFICIENCY ANALYSIS

The mean and median values were calculated at the 

proficiency level for each year and are shown in Table 3 

(The equating is not necessary since the test content is 

the same). Since the mean and median of the scoring 

results have been increasing year by year, it can be said 

that the overall learning ability of the students has been 

improving year by year. In particular, the improvement 

in the fiscal years 2021~2022 is dramatic, while that in 

the fiscal year 2022 is negligible. This may be related to 

the introduction of compulsory programming education 

for elementary school students from the 2020 academic 

year, or it may be due to the fact that they are now 

consciously putting more effort into learning 

programming. 

Table 3.  Mean and median of scoring results. 

FY2021 FY2022 FY2023 

Median -0.251 0.275 0.488 

Mean -0.602 0.281 0.486 

7. RESULT AND DISCUSSION OF

ANALYSIS OF QUESTION DIFFICULTY

AND APPROPRIATENESS

This section shows us the results and discussion of the 

difficulty and appropriateness of the Bayesian item 

response theory for subjects in each year collected from 

2021 to 2023. In the table displayed below, green 

window represents high values and red window 

represents low values. First, in the display of 

fish(sprite)  in Table 4, the appropriateness of the  

Table 4. Problem appropriateness parameter for fish 

display (initial placement, when flag is pressed (source)) 

Target 2021 2022 2023 

Point it to [90] degrees 2.129 0.808 1.062 

Set x-coordinate to [200]  

and y-coordinate to [140] 
2.232 2.083 1.050 

Set the size to [50]%. 2.303 0.814 1.426 

Display 2.172 1.447 1.337 

Repeat until 1.270 0.884 1.202 

Table 5. Problem difficulty parameter for fish display 

(initial placement, when flag is pressed (source)) 

Target 2021 2022 2023 

Point it to [90] de-

grees 
-0.947 -0.348 -1.237

Set x-coordinate to 

[200] and y-coordi-

nate to [140]

-1.141 -0.974 -1.249

Set the size to 

[50]%. 
-1.129 -0.355 -0.588

Display -0.783 -0.816 -0.621

Repeat until 0.291 -0.757 -0.021
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questions shows that the appropriateness of the 

questions decreased from 2021 to 2023. Table 5 also 

shows that the difficulty level of the questions is low 

throughout the years, indicating that the questions are 

simplified in terms of their contents. Also, both the 

difficulty and appropriateness of the conditional 

statements (corresponding to ‘while’ statements) until a 

fish is eaten by a shark have similarly decreased toward 

the year 2023 (Tables 6 and 7). In 2022, the difficulty 

level of target ‘Touched [shark]’ was low, while that of 

target ‘Go to [mouse pointer]’ tended to be high. 

Table 6. Problem appropriateness parameter for until 

the shark eats the fish (conditional loop, repeated until 

(source)) 

Target 2021 2022 2023 

Touched [shark]. 0.870 1.201 1.323 

Go to [mouse pointer] 1.167 1.383 1.414 

hide 2.135 1.592 0.857 

Send [eaten] 2.144 1.050 0.920 

Table 7. Problem difficulty parameter for until the 

shark eats the fish (conditional loop, repeated until 

(source)) 

Target 2021 2022 2023 

Touched [shark]. -0.261 -0.902 0.152 

Go to [mouse pointer] 0.536 0.978 -0.028

hide 0.473 0.073 -0.561

Send [eaten] 0.462 -0.324 -0.496

In addition, for the conditional branch in the case of 

fish's escape (Tables 8 and 9), the target ‘Stop other 

scripts’ appears high only in the year 2023 with respect 

to the appropriateness of the problem. As for the 

difficulty of the problem, the target ‘Stop other scripts’ 

is lower in each year. In the case of the target ‘Say [I got 

away]’, the appropriateness and the difficulty are low 

throughout the years. In the case of the placement and 

display of sharks (Tables 10 and 11), the appropriateness 

of the questions is high throughout the year, and the 

difficulty level is low, indicating that the questions are 

easy as a whole. 

Table 8. Problem appropriateness parameter for the 

case when fish escapes (conditional branch, when 

[Tired] is received (source)) 

Target 2021 2022 2023 

Stops other scripts 0.970 1.080 2.125 

Says [I got away] 1.222 0.430 1.038 

Table 9. Problem difficulty parameter for the case 

when fish escapes (conditional branch, when [Tired] is 

received (source)) 

Target 2021 2022 2023 

Stops other scripts 0.787 0.514 -0.334

Says [I got away] -0.289 -0.352 -0.451

Table 10. Problem appropriateness parameter for shark 

placement and display (when flag is pressed (source)) 

Target 2021 2022 2023 

Set the rotation 

method to [Rotate 

Freely] 

2.265 2.062 1.730 

Set x-coordinate to [-

200] and y-coordi-

nate to [-150]

1.521 1.948 2.161 

Set the size to [80]%. 2.319 1.356 2.133 

Repeat [100] times 2.140 1.387 1.861 

Table 11. Problem difficulty parameter for shark 

placement and display (when flag is pressed (source)) 

Target 2021 2022 2023 

Set the rotation 

method to [Rotate 

Freely] 

-0.161 -0.521 -0.542

Set x-coordinate to [-

200] and y-coordinate

to [-150]

-0.317 -0.510 -1.035

Set the size to [80]%. -0.161 0.078 -0.317

Repeat [100] times 0.442 0.346 0.040 

In the finite loop of the shark tracking the fish (Tables 

12 and 13, corresponding to the ‘for’ statement), both 

the appropriateness and difficulty levels are high and the 

question is somewhat difficult (medians of 0.275 and 

0.488 for the years 2022 and 2023, respectively), 

indicating that further study is expected in this area. The 
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overall difficulty level has been decreasing from 2021 to 

2022~2023, and this trend is expected to become 

stronger as the study progresses in the future.  In the case 

of the treatment when the shark eats the fish (Tables 14 

and 15), the appropriateness of the question increases 

significantly in the year 2023, while the difficulty level 

is the highest in the year 2021. The appropriateness of 

the questions is very high in 2023, 

Table 12. Problem appropriateness parameter for the 

shark tracking a fish (finite loop, 100 iterations(source)) 

Target 2021 2022 2023 

Turning to [fish]. 1.607 1.408 1.406 

Move [5] steps 1.919 1.665 1.522 

Stop other scripts 2.077 1.979 1.772 

Set costume to [shark-c] 2.031 1.694 2.255 

Say [tired]. 1.612 2.096 2.229 

Send [tired] 2.059 2.098 2.230 

Table 13. Problem difficulty parameter for the shark 

tracking a fish (finite loop, 100 iterations(source)) 

Target 2021 2022 2023 

Turning to [fish]. 0.721 0.510 0.334 

Move [5] steps 0.717 0.342 0.514 

Stop other scripts 0.731 0.646 0.689 

Set costume to [shark-c] 0.689 0.488 0.545 

Say [tired]. 0.951 0.626 0.534 

Send [tired] 0.704 0.238 0.541 

and the difficulty level is slightly higher and has been 

increasing since the year 2022. The median of the 

proficiency level in 2023 is 0.488, indicating that the 

questions are somewhat difficult. 

Table 14. Problem appropriateness parameter when the 

shark eats the fish (conditional branch, when [eaten] is 

received (source)) 

Target 2021 2022 2023 

Stopping Other Scripts 1.519 0.538 2.252 

Say [Tasty] 0.657 0.478 2.200 

Table 15. Problem difficulty parameter when the shark 

eats the fish (conditional branch, when [eaten] is 

received (source)) 

Target 2021 2022 2023 

Stopping Other Scripts 1.300 0.161 0.539 

Say [Tasty] 0.984 -0.348 0.695 

In the case of the opening and closing of the mouth of 

the shark when it chases the fish (Tables 16 and 17), the 

difficulty level of the problems is high in general, but it 

seems to decrease from year to year. The 

appropriateness of the problems is high in some cases. 

The appropriateness level of ‘wait for [0.1] seconds’ 

continues to be high from 2021~2023. 

Table 16. Problem appropriateness parameter for the 

opening and closing of the mouth motion (infinite loop) 

when the shark is tracking the fish. 

Target 2021 2022 2023 

Always 0.818 0.367 1.203 

Set costume to 

[shark-a] 
1.422 1.005 2.064 

Wait [0.1] seconds 1.877 2.459 2.071 

Set costume to 

 [shark-b] 
0.961 1.457 0.810 

Wait [0.1] seconds 1.939 2.384 1.996 

Table 17. Problem difficulty parameter for the opening 

and closing of the mouth motion (infinite loop) when the 

shark is tracking the fish. 

Target 2021 2022 2023 

Always 0.840 0.326 0.158 

Set costume to 

[shark-a] 
0.965 0.897 0.539 

Wait [0.1] seconds 1.292 0.359 0.724 

Set costume to 

 [shark-b] 
0.601 0.497 0.236 

Wait [0.1] seconds 1.218 0.382 0.713 

8. CONCLUSION

In this study, scoring data collected from entry-level 

Scratch tasks for upper elementary school students in the 

2021-2023 were analysed and compared using the 

Bayesian item response theory. In particular, we think 
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that it will be helpful to know how the change has 

occurred following the Changes to the Courses of Study 

from 2020. The parameters calculated based on the 

Bayesian item response theory were confirmed and their 

trends were discussed. In addition, we compared the 

parameters of the learning proficiency level from year 

to year, and the aggregate results showed that the 

learning proficiency level has been improving year by 

year. As a result, it can be seen that the questions in the 

Entry level are gradually becoming easier and easier. 

However, the questions ‘Shark chasing the fish (finite 

loop, repeated 100 times (source))’, ‘When the shark 

eats the fish (conditional branch, when [eaten] is 

received (source))’, and ‘Opening and closing of the 

mouth when the shark chases the fish (infinite loop))’ 

are still somewhat difficult and the appropriate 

parameters are high even in 2023(they are challenging 

and difficult questions).  With programming education 

becoming mandatory, we would like to continue our 

research on what kind of changes will occur in the future 

and what factors will be responsible for such changes. 
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