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Abstract: Programming is one of the most difficult subjects for new students, and an important effort to improve these skills 

is by adjusting their cognitive abilities as well as learning styles. Therefore, this study aimed to improve student's learning 

outcomes through the use of Diagnostic E-Assessment Model. It determines the effectiveness of the model in improving student 

learning outcomes. Furthermore, programming teachers need to relate authentic information about uncleared topics to the 

students since their skills are grouped at the SOLO taxonomy level. Data grouping was conducted using the K-means clustering 

method which is often used in data mining analysis. It measures students' programming skills using an AMS application in line 

with the Jupyter Notebook engine. The data was obtained twice, after the completion of learning and after the teacher followed 

up on the assessment results. Also, the differences in the first and second assessments were analyzed using the N-Gains method. 

The results showed a significant increase in programming skills. This was indicated by the significant movement of numbers 

from the low to the highest level group such as Relational. Therefore, this model can also be used for other lessons as well. 

Keywords: E-Assessment, Assessment, Programming, K-Means, Taxonomy. 

 

1. Introduction  

  

Currently, the implementation of learning assessments needs to be adapted to the evolution of learning styles 

and should be able to promote better learning [1]. Newly emerging e-learning platforms have developed a variety 

of assessment tools. Many of these have simply changed the way assessments are presented by moving questions 

from paper to monitor and changing evaluators from teacher to machine. Computer-based assessment is not only 

concerned with the process but also the security [2]. In online assessment, modern network technologies can be 

used to quickly transfer and analyze large amounts of data. This results into simple and efficient assessment, test 

distribution, and reporting [3]. This model saves time, human labor, expenses, and other costs in various aspects 

compared to traditional assessments. However, the ultimate goal should be to make learning better and more 

effective [1]. 

 

Numerous literature and study have shown that programming is one of the most difficult subjects for new 

students. Several previous studies stated that it is a difficult subject, especially for beginners [4]; [5]; [6]; [7] [8]. 

They are consistent with studies experienced considerable difficulty in teaching basic programming to vocational 

high school students. A study on computer learning emphasizes the need to examine students' cognitive maturity 

and learning styles. It was reported that student academic success in computer programming was closely related 

to cognitive maturity and learning styles [9]. 

 

In the process of improving performance, conducting assessments, analyzing student successes and difficulties 

will be the first steps. This is because they highlight key aspects of the learning process which should be developed 

[10] [11] [12]. They stated that less capable students should not only be assisted to overcome their mistakes but 

also need good and correct learning strategies. 

  

In online learning, the assessment of computer programming skills cannot be conducted optimally by teachers. 

The assessment is conducted directly in the computer lab, where the teacher sees students writing program code 

directly. This is the best way to assess a person's programming skills [13] and it is different from their cognitive 

ability where assessments can be conducted by online exam tools [14]. 

 

Several models of programming skill assessment have been made, such as on the website Aspiring and [13], 

simulator coding test [15]. Some important questions can be answered by this simulator application, such as: do 

prospective programmers know how to write code? Can they compile good programing code? Are they efficient 

in making program code?. To recruit the best prospective programmers, they compare the quality of the code with 
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the time spent in writing [16]. Unfortunately, this application is devoted to testing the programming skills of 

prospective workforce not for students. 

 

In education, Progtest forms the models of computer-based assessment skills. Progtest provides feedback to 

test participants [17] but teachers cannot use this application to make real-time assessments. To anticipate 

plagiarism of program code, [18] an assessment model specifically for detecting plagiarism in program code was 

developed. Furthermore, [17] [19] another model was developed to provide feedback to students specifically for 

analyzing programming skills, especially in branching codes.   

  

This model is like a programming virtual lab, where all program code written by students is seen in real-time 

on the teacher's computer monitor. The student's program lines can be checked while writing the program code. 

The teacher can also run program code on the computer since the assessment of programming skills is based on 

the SOLO (Taxonomic Structure of Observed Learning Outcomes) domain. This domain proposed by Biggs [20] 

is used as a taxonomy of general education, learning environment, and programming [21] [22] [23]. It consists of 

5 levels, namely Prestructural, Unistructural, Multistructural, Relational and Extended Abstract. 

 

This study aimed to determine the effectiveness of the developed model in improving student learning 

outcomes. Programming teachers are expected to have authentic data on subject matter that fails to be mastered by 

students. Furthermore, teachers are also expected to obtain data on student skills in groups at the taxonomy level 

used. 

 

2. Assessment of Programming Skills with Jupyter Notebook 

  

This assessment was designed using a Jupyter Notebook and will be used for students that are beginners, 

especially those studying the Python or C programming language. Jupyter Notebook is a web application used to 

write programs with a console-based approach, interactive computing, accessible from a client computer [24]. This 

notebook can be accessed through a modern web browser. It makes it very practical to be used on a local computer 

such as a desktop application or accessed on a server that is located far from the client. When using a remote server, 

the only software needed is the web browser, which can easily provide access to students [25]. The notebook files 

created are in a simple and documented JSON format, with the extension ‘.ipynb’ and can be easily modified for 

special purposes [26] [27]. 

 

Jupyter Notebook is run from an iframe [28], packaged in an application called AMS (Assessment Management 

System). iframe can be used to display other pages in a website or display other HTML documents [29]. The AMS 

developed is described as follows: 

 
Figure 1. Programming Skill Assessment Application 

 

 The AMS Assessment Application will call up the Jupyter Notebook on an Iframe web page. Programs 

are written on this page by students and the file is named abcd.ipynb (Figure 1). It can be modified and executed 

and in a few minutes (according to the configuration), it will be stored in the MySQL database as a record and 

stored in a log file [30]. This is because all events during writing and running the program can be seen and assessed 

at other times. 

 

To determine the skills of the study subjects, data were grouped using the K-Means method. The group-level 

is adjusted to the SOLO taxonomy level used in creating the questions. The K-means method was chosen because 

of its simple nature and commonly used for forming data clusters [31]. For numerical data with a large number of 

dimensions, the method is very efficient for classifying similar data into the same cluster [32]. 
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3. Method 

Diagnostic E-Assessment Model was used in implementing AMS to measure programming skills. This model 

is designed to align teaching and learning activities with assessment criteria [33]. The modified syntax of the model 

is as follows: 

 
Figure 2. Diagnostic E-Assessment Model of Programming Skills 

  

SOLO taxonomy is used as in table 1 below to develop the difficulty level of the question items used in the 

trial. 

Table 1. Programming skill level based on SOLO taxonomy 

Solo Level 
 

Programming Algorithm Design 

Prestructural (P) Lack of basic knowledge in using program 

syntax and rules of writing programs 

Unistructural (U) Combines program syntax into a simple 

program and produces correct output 

Multistructural (M) Combines program syntax of several blocks 

into a single unit to produce correct output 

Relational (R) Combines and integrates two or more 

building blocks in more complex ways to 

complete a given programming task 

  

 In this study trial, 4 (four) items were developed to test the students' programming skills. The subjects 

were class X students (beginners) at a 3-year vocational school, the Computer and Informatics study program at 

the State Vocational High School 1 Lahat. The number of test subjects was 30 and the questions developed 

consisted of one moderate and one difficult item. The programming language tested was Python and the design of 

the questions to be made is described in table 2 below: 

 

 

Table 2. SOLO taxonomy level in essay question writing 

Taxonomy 

Level  

 Competency Subject 

matter 

Difficulty 

Unistructural 

(U) 

 Write program 

code according to 

programming 

language rules 

and syntax. 

Create 

program code 

with data types, 

variables, 

constants, and 

expressions 

Program 

writing rules, 

Data types, 

variables, 

operators, and 

expressions 

Easy 

Multi 

structural (M) 

 Create 

program code 

with arithmetic 

and logic 

operations 

Arithmetic 

operators, 

create 

programs for 

numerical 

calculations 

Moderate 

Multistructural 

(M) 

 Create 

program code of 

branching 

If – else, 

While 

loop, 

For loop 

Moderate 

Assessment 
Objective

Competency 
identification

Develop items 
and validity of 
the question 

conducting the 
assesment

Diagnosing the 
ability and 

clustering using 
K-means

Result and 
Feedback

Follow-up
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structure and 

looping structure 

Relational ( R 

) 

 Create 

program code of 

branching 

structure and 

looping structure 

If – Elif -

Else, while 

loop, For loop 

Difficult 

  

The assessment will be conducted on the internet network, and each computer is connected to a server. The 

AMS application and Jupyter Notebook are installed on the server. The assessment participants will receive the 

same number of questions as the randomized items. 

 

The results will be stored per unit of time and the teacher can conduct a step-by-step assessment of the program 

code written by students. The program code is given a value based on the grouping of the tested material and 

grouped according to the ability to answer the material. The results will be used as feedback to improve learning. 

 

The diagnostic assessment is conducted twice when all the subject matter has been delivered and after the 

teacher repeats the lesson on the unfinished material. The effectiveness of the learning outcomes is tested by 

looking at the differences in the assessment results. This is conducted before repeating the material and after 

receiving feedback from the diagnostic assessment.  

  

To obtain the difference between the first and the second assessment, the N-Gain test was used. The formula 

[34] is: 

 𝑁 − 𝐺𝑎𝑖𝑛 =
𝑆2−𝑆1

100−𝑆1
   (1) 

Where S1 = average 1st assessment, S2 = average 2nd assessment. 

To form data clusters, the K-means formula is used [35]: 

 𝑑(𝑥, 𝑦) = √∑ (𝑥𝑖 − 𝑦𝑖)2𝑛
𝑖=1   (2) 

d is the distance between x and y, x is the cluster center data, y is data on the attribute, i is each data, n is the 

number of data, xi is data at the Ith cluster center, and yi is data on each ith data. In determining the new centroid 

point, the following formula is used: 

 𝐶𝑖 =
∑ 𝑥𝑖 ∈𝑠𝑖𝑛

𝑖=1

𝑛
   (3) 

Ci is the ith centroid, si is the ith object, xi is the value of the ith object, and n is the number of data for each 

group.   

 

4. Results and Discussion 

 

  

The AMS application is developed for assessing programming skills in the domain of student skills. This 

development was conducted due to the demands of online learning in the Covid-19 pandemic, and can run on 

Windows, Linux, and MacOS operating systems. For the application to run properly, it is necessary to install a 

web server on an operating system, which should be able to run PHP scripts and MySQL server database. 

Furthermore, it is necessary to install the Jupyter Notebook application that is capable of running the Python kernel, 

preferably using Anaconda. To start the test, a service that runs the Python kernel needs to be used. The Windows 

2019 server operating system with installed Anaconda is used. In addition, shortcuts to run the service is available 

on the desktop, such as the Shell prompt (Anaconda). 

 

The assessment was conducted in class X (ten) at the Vocational High School 1 Lahat, South Sumatra province. 

All 30 students of class X Software Engineering Skills Competency were used as the test subjects. The type of test 

question used was essay. Furthermore, students wrote answers in the form of program code on the AMS application 

provided and the teacher monitored their activities through the computer screen. Initially, they log in to the 

application in order to choose the test provided. 

 

The questions and answers were provided on one page. The questions were at the top while the answers were 

right below them. Subsequently, students wrote the program in the window provided. On this page, they were able 

to test, save or edit the program, which has being created. The answer page for writing program code is shown in 

Figure 3. 
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Figure 3. Student answer log files 

 

 The results were stored in the answer log file as shown in Figure 3. The AMS application created and 

saved the answer file per unit of time (10 minutes) and can be adjusted as needed. Furthermore, mistakes made 

while making the program are well recorded and documented. The documentation will serve as a reference for the 

teacher to provide scores. This enables them r analyze the student's arrangements in creating the program, the lines 

that have an error, the output, the algorithm used, and other assessments. In addition, a button is provided to aid in 

continuing or moving to another question. The students are allowed to move to other questions and make changes 

to the program code provided the allotted time is still available. However, when it is up, the AMS application will 

automatically close the question and answer window then log out on the user. 

 

 

 
Figure 4. Teacher's scoring form 

 

 

 Figure 4 showed that the score for each material tested each given on a scale of 0 to 4. The number 1 is 

given to students with the category of "less capable", 2 for "capable enough", 3 for "capable", and 4 for "very 

capable". The analysis results are shown in Table 3. 

 

 

Table 3 Unsuccessful Programming Skills Report 

Python Programming Download: 2021-03-18 08:53:20 

Num Lesson Materials 

Unsuccessful 

(%) 

1 Program writing rules 7 

2 Data types 13 

3 Variables 27 

4 Arithmetic operators 40 

5 Translating programs for numerical calculations 47 
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6 IF – else and branch control 80 

7 Loop – While 83 

8 Loop – For 90 

9 IF – else nested branch control 93 

11 Access list data type 80 

  

Table 3 is the teacher's reference for improving the learning process in the follow-up steps of the Diagnostic 

model. This includes teaching their weaknesses in the subject matter. 

 

To perform the analysis using the K-means algorithm, the answer scores per question item was used as the data 

source. The results of the first and second assessments after learning were presented in Table 4 and 5.  

 

 

Table 4. Student programming skills assessment score 

Num Q1 Q2 Q3 Q4 Num Q1 Q2 Q3 1Q4 

1 2 1 1 1 16 4 2 1 4 

2 1 3 1 2 17 3 2 3 3 

3 3 2 2 3 18 1 4 3 3 

4 3 1 3 3 19 4 2 1 3 

5 4 1 1 4 20 4 1 4 1 

6 3 1 3 1 21 4 1 4 1 

7 3 1 3 1 22 3 1 2 4 

8 3 3 1 2 23 4 4 4 1 

9 4 3 1 1 24 4 2 4 4 

10 2 1 1 4 25 4 4 1 4 

11 4 1 4 4 26 4 4 4 2 

12 4 4 1 1 27 1 2 1 1 

13 1 2 3 4 28 2 1 1 2 

14 4 1 3 4 29 2 1 1 2 

15 2 1 4 3 30 1 1 1 2 

Table 5. Student programming skills assessment score 

Num Q1 Q2 Q3 Q4 Num Q1 Q2 Q3 Q4 

1 2 1 1 1 16 4 2 1 4 

2 1 3 1 2 17 3 2 3 3 

3 3 2 2 3 18 1 4 3 3 

4 3 1 3 3 19 4 2 1 3 

5 4 1 1 4 20 4 1 4 1 

6 3 1 3 1 21 4 1 4 1 

7 3 1 3 1 22 3 1 2 4 

8 3 3 1 2 23 4 4 4 1 

9 4 3 1 1 24 4 2 4 4 

10 2 1 1 4 25 4 4 1 4 

11 4 1 4 4 26 4 4 4 2 

12 4 4 1 1 27 1 2 1 1 

13 1 2 3 4 28 2 1 1 2 

14 4 1 3 4 29 2 1 1 2 

15 2 1 4 3 30 1 1 1 2 

 

 The number of questions tested was Q1, Q2, Q3, and Q4 and the students' scores were between 1 and 4. 

To maintain the quality of the test in this second assessment, the questions used were not similar to the first. The 

context was different from the first, but the level of difficulty and the form of the questions were similar. 

 

The first step in grouping data using K-means is to determine the initial centroid randomly, with the number of 

groups as needed [36]. This determination cannot be conducted arbitrarily. However, it is necessary to consider 

the suitability of the data at the desired cluster level. The number of groups made is adjusted to the skill level of 

the SOLO taxonomy. Student's skills were grouped into 4 (four), namely Prestructural (C1), Unistructural (C2), 
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Multistructural (C3), and Relational (C4). The initial centroid data is presented in table 6 below following the 

consideration for the suitability of the item scores against the group level: 

Table 6.  Initial Centroid 

Level QC1 QC2 QC3 QC4 

C1 1 1 2 1 

C2 1 2 2 2 

C3 3 3 3 4 

C4 3 4 4 4 

  

The results of K-means analysis showed that the centroid did not change in the 5th and 6th iterations, and this 

is presented in table 7 below:  

 

Table 7. The final centroid in the 5th and 6th iterations 

Level QC1 QC2 QC3 QC4 

C1 2.444444 1.111111 2.111111 1.333333 

C2 2.833333 3.5 1.333333 2.166667 

C3 3.153846 1.461538 2.461538 3.615385 

C4 4 4 4 1.5 

 

Table 8. The final result of the K-means analysis in the 6th iteration 

N

um 

C

1 

C

2 

C

3 

C

4 

M

in 

L

evel 

N

um 

C

1 

C

2 

C

3 

C

4 

M

in 

L

evel 

1 1

.25 

2

.9 

3

.24 

4

.72 

1

.25 

C

1 

1

6 

3

.4 

2

.66 

1

.81 

4

.39 

1

.81 

C

3 

2 2

.71 

1

.94 

3

.43 

4

.39 

1

.94 

C

2 

1

7 

2

.16 

2

.4 

0

.99 

2

.87 

0

.99 

C

3 

3 1

.97 

1

.85 

0

.95 

3

.35 

0

.95 

C

3 

1

8 

3

.74 

2

.66 

3

.43 

3

.5 

2

.66 

C

2 

4 1

.97 

3

.12 

0

.95 

3

.64 

0

.95 

C

3 

1

9 

2

.69 

2

.1 

1

.88 

3

.91 

1

.88 

C

3 

5 3

.28 

3

.33 

1

.79 

4

.92 

1

.79 

C

3 

2

0 

2

.47 

4

.01 

3

.18 

3

.04 

2

.47 

C

1 

6 1

.11 

3

.23 

2

.71 

3

.35 

1

.11 

C

1 

2

1 

2

.47 

4

.01 

3

.18 

3

.04 

2

.47 

C

1 

7 1

.11 

3

.23 

2

.71 

3

.35 

1

.11 

C

1 

2

2 

2

.73 

3

.18 

0

.77 

4

.5 

0

.77 

C

3 

8 2

.36 

0

.65 

2

.67 

3

.35 

0

.65 

C

2 

2

3 

3

.8 

3

.18 

4

.05 

0

.5 

0

.5 

C

4 

9 2

.71 

1

.76 

3

.47 

3

.2 

1

.76 

C

2 

2

4 

3

.73 

3

.75 

1

.88 

3

.2 

1

.88 

C

3 

1

0 

2

.92 

3

.23 

1

.96 

5

.32 

1

.96 

C

3 

2

5 

4

.37 

2

.25 

3

.07 

3

.91 

2

.25 

C

2 

1

1 

3

.62 

4

.25 

1

.86 

3

.91 

1

.86 

C

3 

2

6 

3

.84 

2

.96 

3

.48 

0

.5 

0

.5 

C

4 

1

2 

3

.48 

1

.76 

4

.02 

3

.04 

1

.76 

C

2 

2

7 

2

.05 

2

.66 

3

.73 

4

.72 

2

.05 

C

1 

1

3 

3

.28 

3

.43 

2

.32 

4

.5 

2

.32 

C

3 

2

8 

1

.37 

2

.66 

2

.51 

4

.72 

1

.37 

C

1 

1

4 

3

.21 

3

.71 

1

.17 

4

.03 

1

.17 

C

3 

2

9 

1

.37 

2

.66 

2

.51 

4

.72 

1

.37 

C

1 

1

5 

2

.56 

3

.84 

2

.07 

3

.91 

2

.07 

C

3 

3

0 

1

.94 

3

.12 

3

.1 

5

.22 

1

.94 

C

1 

 

 The value between each group is calculated to determine groups C1, C2, C3, or C4 in table 7. The result 

with the smallest value is the criteria for being a group, and in table 7 on row 1, C1 = 1.25, C2 = 2.9, C3 = 3.24, 

C4 = 4.72. Therefore, the smallest value is 1.25 in column C1, and it represents the level.. 
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Table 8 showed that the number of levels calculated were Prestructural (C1) 9, Unistructural (C2) 6, 

Multistructural (C3) 13, and Relational (C4) 2. This data is presented in Figure 7. 

 
Figure 8. Student Programming Skill Assessment-1 

 

 

With the same steps, the analysis was conducted on the second assessment data. Initial centroid used data in 

the first assessment analysis represented in table 6. The final results of this second analysis are described in Figure 

9 as follows: 

 
Figure 9. Student Programming Skill Assessment-2 

 

 

 The effectiveness of the assessment model for improving student learning outcomes is calculated using 

N-Gains as presented in table 8 below: 

 

Table 9. N-Gain of each student's skill level 

 

Level 

Assessment-

1 

( %) 

Assessment-

2  

(%) 

 

N-Gains 

Prestructural 

(C1) 

30 7 -

0.247311828 

Unistructural 

(C2) 

20 10 -

0.111111111 

Multistructural 

(C3) 

43 36 -0.109375 

Relational 

(C4) 

7 47 0.754716981 

 

 A negative number was obtained at levels C1, C2, and C3. Therefore, there is a decrease in the number 

of students at that level. This is consistent with the standard, where the student group switches to a higher level 

Prestructural 

(C1)

30%

Unistructural 

(C2)

20%

Multistructural 

(C3)

43%

Relational (C4)

7%

Student Programming Skill

Prestructural 

(C1)

7%

Unistructural 

(C2)

10%

Multistructural 

(C3)

36%

Relational 

(C4)

47%

Student Programming Skill
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such as Relational (C4). There was a very good increase of 0.754 in the N-Gain number at the Relational level. 

When compared to the above N-Gain, 0.7 is in the high category [34]. 

 

The graphic in Figure 8 showed that programming lessons are difficult for students. This is because it requires 

guidance, direction, and experience from a teacher. Furthermore, it is a cognitive activity that requires reasoning 

[37], understanding, and technical skills [38]. Programming skills are very useful to learn, even though the lessons 

are quite difficult. Skills are one of the factors that directly affect student performance. It is the ability to use 

individual knowledge effectively and readily in completing programming tasks. Similarly, student's abilities can 

be determined through motivation and knowledge [39], [40]. 

   

5. Conclusion 

  

From the analysis, it is reasonable to conclude that the implementation of the diagnostic E-Assessment model 

is effective in improving the learning outcomes of computer programmers. The results of student failures in the 

material tested are very useful for improving the learning process in the follow-up steps. Furthermore, the difficulty 

of programming lessons can be overcome by teaching the weaknesses of students. 

 

This model can also be used in other subjects, but certainly with a different assessment application. An 

assessment application that can be used for the realm of knowledge in all subjects have also been built. 
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