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Abstract

The paradigm of higher education in Indonesia is currently changing to Outcome-Based Education, which focuses on the
curriculum's accomplishment of student outcomes. Measurement of the degree of learning accomplishment in a course
requires the use of a learning outcome attainment method, and providing student skills achievement reports in programming
courses is crucial to improving student success in computer science study programs. This study proposes a standardized
learning outcome measurement technique to provide a comprehensive course learning outcome attainment with student
skills categorization, and course success level, after conducting an interview, focused group discussion, and evaluations with
experts. This method includes performance indicators and acceptance criteria via Course Learning Outcome value, Course
Learning Outcome level, Course Success Rate level, and student skills, which operate at the study program's course level. The
researchers performed the overall attainment process using the direct attainment method. The measurement model
proposed has been successfully accepted and implemented in 7 study programs in 11 universities in Indonesia.
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1. INTRODUCTION

The international accreditation instrument has determined the standard for measuring learning
achievement based on Outcome Based Education (OBE). OBE, also known as the outcome-based
curriculum, is a concept in education that creates a curriculum based on what students should be able
to do by the end of their educational program (Spady, 1994). After students' learning outcomes are
determined, the curriculum containing the material and assessment standards is determined.
However, OBE is strongly suggested due to its capacity to give a more precise measurement of student
accomplishment (Chen et al., 2024; Tian, 2023; Alderson & Martin, 2007; Hammami, 2020; Kennedy &
Birch, 2020; Othman et al., 2020).

Currently, the paradigm of education in higher education in Indonesia is starting to use OBE. All
engineering institutions must now pursue accreditation to gain acceptance and reputation in society.
International accreditation institutions have also used OBE for assessing study program accreditation.
One of the main provisions of OBE-based accreditation is the measurement of outcomes from the
learning process. Student Outcome (SO) and Course Learning Outcome (LO) attainment must be
performed to ensure that all students have acquired all required competencies set by each study
program. Hence, it is necessary to measure the achievement of course learning outcomes.

Standard procedures, performance criteria, and extra support from faculty members are needed to
measure student outcome achievement (Kurian et al., 2016; Upadhyaya, 2021). For this purpose, the
management of the study program also needs to measure, monitor, and evaluate the LO achievement
or course success rate in each course in the curriculum so that it can support the academic decision
for future improvement (Neville-Norton & Cantwell, 2019; Schroll et al., 2020; Zlatkin-Troitschanskaia
et al., 2017; Piriyapongpipat et al., 2024).

Meanwhile, many students in computer science departments struggle to fulfill the outcomes of
programming classes, making them less interested in learning more about programming, resulting in a
lower success rate in computer programming courses (We et al., 2023; Giraffa et al., 2014; Malhotra
et al., 2023; Margulieux et al., 2020; Koolivand et al., 2024). Hence, earlier recognition of student skills
in programming courses is essential in increasing student success in computer science study programs.
In addition, it is necessary to provide a specific view of student skill achievement in each course for
future personal enhancement. In general, students in computer programming courses must fulfill
several skills, especially hard skills, for example, analysis, design, coding, and testing (Patacsil &
Tablatin, 2017).

Prior studies of student performance, particularly in academic domains, have been conducted.
Many researchers have created competency and learning outcomes measurement schemes using the
OBE framework (Yang et al., 2023). They have also created competency and a learning outcomes
measurement scheme by conducting curricular mapping (Arafeh, 2016; Malagi et al., 2016;
Ramchandra et al., 2014; Soh et al., 2010). According to Bloom's theory, Hussain et al., (2016) added
performance indicators based on three learning domains, while Lumius et al., (2020) added visual
analytics to support decision-making at the study program level. According to the created curriculum
matrix, Easa (2013) built a competency measurement model by segmenting the assessment process'
stages into different steps. Additionally, a study was done to assess OBE-based programming classes
(Bhuyan & Tamir, 2020). The performance level or level of proficiency resulting from this research is
scaled into six categories. However, the generated matrix does not consider the contribution level.

To assess student proficiency, Rajak et al., (2018) created a mapping matrix that mapped Program
Educational Objectives (PEO) to Program Outcomes (PO). They then downsized it to Course Outcomes
(CO). This study used low, medium, and strong scales to measure the achievement contribution level.
Then, in the Civil Engineering Study Program, (Khan et al., 2016) also created a successful model of
educational programs assessing learning outcomes for ABET worldwide accreditation. A SO matrix was
also produced for the Educational Objective Program. Five levels of contribution were used in this
study, with level 5 denoting the highest level and level 1 denoting the lowest.

Nevertheless, these five levels are considered overly complex or confusing based on the lecturers'
first requirements analysis findings. These studies have already used contribution levels in the matrix
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but did not provide course success and student skill profiles. Kulkarni et al., (2016) and Tjandra et al.,
(2021) created a measurement schema using a direct method to attain students' competencies
achievements at the course level with more precise measurement formulas in each course plan
assessment. Kumar et al., (2021) have also performed course outcome attainment for a programming
course and successfully provided the SO and CO attainment results using direct and indirect
assessment. However, these studies have determined the course success rate but did not provide
student skills categorization in computer programming.

1.1.Purpose of study

Therefore, this research proposes an outcome-based education course outcome attainment to
provide a comprehensive course learning outcome attainment to measure the success level of LO
attainment in a course. The study also provides performance indicators and acceptance criteria via
Course Learning Outcome (CLO) value, CLO level, which operates at the study program's course level,
based on a direct method. In addition, this study also provides the overall attainment level of course
learning outcome achievement with specific student hard skills in computer programming.

2. METHOD AND MATERIALS
2.1.Data collection tool

In the present study, interviews and Focus Group Discussion (FGD) meetings were used to collect
data in the second phase of the study, and a measurement scale was used to collect data at the fourth
stage of the study.

2.2.Participants

The interviews were conducted with three accreditation assessors and the FGD meetings involved
18 university management representatives: the University Vice President, the Head of the Academic
and Curriculum Department, 6 Deans, and 10 Heads of University Programs. Furthermore, the resulting
measurement scheme was evaluated in the Evaluation stage, involving expert judgment by 4 OBE
experts, model acceptance testing by 35 lecturers from 11 universities and 7 study program
management representatives in Indonesia.

2.3.Procedure

In this research, the researchers performed five steps in the overall attainment process; using only
direct attainment, the researchers performed qualitative research methods to perform all research
stages in Figure 1.

e The first phase is Exploration, consisting of a literature study of study programs' curriculum
and strategic plans and alternative models used by previous research and publications.

e After that, interviews with three accreditation assessors and the FGD meetings.

e After that, the Design phase is performed to develop the measurement process steps and
set the required measurement criteria. An attainment model, formulas, and acceptance
criteria are established in this phase.

e  Furthermore, the resulting measurement scheme is evaluated in the Evaluation stage.

e The last phase is implementing the measurement model in 7 study programs: Informatics
Engineering, Information Systems, Multimedia, Industrial Engineering, Manufacturing
Engineering, Management, and Biology.
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Figure 1
Research procedure
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3. RESULTS

First, the study discusses the course outcome attainment steps, attainment formulas, and
acceptance criteria produced in the design phase, as shown in Figure 2. The researchers selected the
Object-Oriented Programming course in the Bachelor Degree of Informatics Engineering Study
Program, University of Surabaya, Indonesia, for the case study. This course consists of 6 section
classes, taught by four lecturers in the fall semester, 2021-2022, which has 71 students in total. All
course data were collected and calculated using web-based Learning Outcome Attainment Systems
and Microsoft Excel for further tabulation.

3.1. Align student outcomes and course learning outcomes

In the beginning, the lecturer must determine all Student Outcomes (SO) and course Learning
outcomes (LO) set in the course. Then a matrix - containing the SO and LO mapping - is created. This
matrix is called the SO-LO matrix. Each LO has a Level of Contribution (LoC) or relevance to the SO
determined by the study program, consisting of three scales: 1=low, 2=medium, and 3=high. This step
produces a SO-LO matrix consisting of LOs, the related SOs, and the Level of Contribution (LoC). LoC is
a reference for lecturers to determine the maximum score in the course attainment plan. The higher
the LoC, the higher the max score will be used in the attainment plan.

Figure 2
Course attainment steps
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Before the attainment plan can be established, we align all SOs and LOs supported by the Object
Oriented Programming course. Table 1 and Table 2 show all SOs and LOs correspond to this course,
and the SO-LO matrix for this course can be seen in Figure 3. According to the matrix, the total LoC of
LO1is 7 (2+3+2), and LO2 is 6 (2+3+1).

3.2. Design course learning outcome attainment plan

After creating the SO-LO matrix, the next step is developing the course LO Attainment Plan. The
attainment plan contains all assessments’ components (assessment type, weight, max score) with
corresponding LO(s) set in the matrix.

Table 1
Object-oriented programming - student outcomes

Code Student Outcome (SO)

PP1 The student can apply fundamental mathematical concepts and principles of computer science and
other relevant disciplines.

KK1 The student can analyze problems and formulate solutions through the use of information and
communication technology.

KU1 The student can think logically, critically, systematically, and innovatively by applying knowledge in the
field of information technology in decision-making and can document the results of scientific thinking.

KU2 The student can demonstrate quality and reliable performance both independently and in groups,
including conducting supervision and evaluation, as well as being able to communicate and develop
networks with various parties.

Table 2
Object-oriented programming - learning outcomes

Code Course Learning Outcome (LO)

LO1 The student will be able to analyze and design classes using object-oriented concepts.
LO2 The student will be able to create modular programs using object-oriented concepts.

Figure 3
SO-LO matrix

Student Qutcome (SO)

The maximum score must be set appropriately based on the LoC in the SO-LO matrix. For example, if
the total LoC of LO1 is higher than LO2, then we must set the higher max score for LO1. Table 3 shows an
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example of the Course LO Attainment Plan.
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Table 3
Course LO attainment plan and calculation — example
Course Course
Assessment Term Assessment Assessment Assessment LO Max Student Score
Type Weight Details Weight Items Score Example
(CTW) (CAW)
Terml 30.00% Testl 20.00% Question 1 LO1 15.00 10.00
LO2 15.00 10.00
Question 2 LO2 35.00 25.00
LO3 35.00 25.00
Test2 80.00% All LO3 50.00 30.00
Questions LO4 50.00 30.00
Total Course Term Weight (Term1): 100.00%
Term?2 70.00% Test3 100.00% Al . LO1 100.00 90.00
Questions
Total Course Term Weight (Term?2): 100.00%
Total LO1: 115.00 100.00
Total LO2: 50.00 35.00
Total LO3: 85.00 55.00
Total LOA4: 50.00 30.00
CLO1: 70.90 63.60 89.70%
CLO2: 3.00 2.10 70.00%
CLO3: 14.10 8.70 61.70%
Total
Weight - 100.00% CLOA4: 12.00 7.20 60.00%
All Terms:
Total 10000 81.60  81.60%
CLO . . . (]

In this step, the researchers create Object Oriented Programming attainment plan (Table 4). This
course has two: mid-term and final terms, and the weight for each term is different (40% for mid-
term, 60% for final). The total score for all terms = 40% * mid-term score + 60% * final-term score.
Each term has a set of assessments consisting of items or questions with a particular weight, and each
item is linked to a specific LO with a specified max score. Based on the SO-LO matrix (Figure 3), the
total LoC of LO1 is higher than LO2, so the max score of CLO1 must be greater than CLO2 in the
attainment plan. Table 4 shows that the total max CLO1 is 52.20, greater than LO2 (48.80).

Table 4
Object oriented programming — course LO attainment plan
Course
Term Assessment Assessment
Assessment Type . Assessment Details Weight LO Max Score
Weight (AW) Items
(CTW)
Mid-Term 40.00% Mid-Term Practice Work 20.00% PW1-7 LO1 50.00
LO2 50.00
Mid-Term Quiz 30.00% Question 1-6 LO1 60.00
Question 7-10 LO2 40.00
Mid-Term Test 50.00% All Questions LO1 50.00
LO2 50.00
Total CTW (Mid-Term): 100.00%
Final-Term 60.00% Final-Term Practice 10.00% PW8-14 LO1 50.00
Work LO2 50.00
Final-Term Quiz 20.00%  All Questions LO1 50.00
LO2 50.00
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Project 30.00% Project LO1 50.00
LO2 50.00
Final-Term Test 40.00%  All Questions LO1 50.00
LO2 50.00

Total CTW (Final-Term):  100.00% Max ClLO1: 5120
Total CTW (All- Max CLO2:  48.80
Term): 100.00%

3.3. Calculate course LO attainment

All students’ scores will be collected in this step, and each student’s total LO attainment value for
each assessment will be calculated using Eq. (E1).

Total LO = Y!_, QLO; Eq. (E1)
Where:
| = number of assessment items (questions) refers to the specified LO

QLO = student's achievement score in each assessment item connected to the specified LO
(question score of connected LO(s)).

After the Total LO has been obtained, the next step is formulating each student's Course LO
attainment value (CLO). The CLO value of a student (in %) can be derived from Eq. (E2).

T
CLO = Z (X Total LO = AW)) = CTW, Eq. (E2)
k=1 -

Where:

AW = assessment weight (in %)
m = number of assessment

n = number of terms

CTW = course term weight in each term (in %). The CTW value will be set to 100% if there is only
one term in the course. For further explanation, Table 1 also provides the CLO calculation results
example.

In this attainment process, all assessment scores must have a maximum value of 100. Therefore,
the attainment results will only accurately reflect the student’s expertise if the student submits all
assessments in the course attainment plan.

Based on the attainment plan in Table 4, there are three assessments in the mid-term results: Mid-
Term Practice Work (max score of LO1=L02=50), Mid-Term Quiz (max score of LO1=60, LO2=40), and
Mid-Term Test (max score of LO1=L02=50). We calculate Course LO attainment values using (1).
Because of the layout limitation, we show the attainment results in three tables. Table 5 shows the
mid-term calculation results, Table 6 the final-term results, and Table 7 the all-term results.
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Table 5
Object-oriented programming — attainment value (mid-term)
Assessment Type - ig-Term Practise Work Mid-Term Quiz Mid-Term Test
Weight 20% 30% 50%
Assessment Items ~ All Questions 1 10 ) 3 4 5 6 1 8 9 All Questions
Total
Total  Question Question  Question ~ Question Question Question Assessm Total

Total Total Assessme Score  Quesion  Score Score Score  Question  Score  Question  Score  Question  Totall Total ent Total Total Assessme
CourseLO 101 102 ntScore (LO1) Score(LO2) (LO1)  (LOI)  (LOL) Score(LO]) (LOI) Score(LO2) (LO2) Score(LO2) LO1 LO2 Score LO1 LO2 ntScore
No.  Max Score 5050 100 10 15 10 10 10 10 10 5 10 10 60 40 100 50 50 100

1 STUDENT 1 50 50 100 10 10 10 9 10 10 0 5 10 10 49 35 84 265 265 53
2 STUDENT2 50 50 100 10 15 10 10 10 10 10 5 10 10 60 40 100 415 415 8
3 STUDENT3 50 50 100 10 5 9 8 10 10 0 5 10 0 4 007 45 A5 4
4 STUDENT 4 “ “4 8 10 1 10 10 10 10 § 1 1 2 58 5 63 17 17 3
5 STUDENT5 50 50 100 10 15 9 10 10 10 10 5 10 10 5 40 9 315 315 75
6 STUDENT 6 50 50 100 9 10 9 8 10 10 2 5 10 0 4 35 83 18 18 36
7 STUDENT7 50 50 100 10 15 10 10 10 10 10 5 10 10 60 40 100 3 3 0
8 STUDENT$ 50 50 100 10 9 10 8 10 10 § 5 10 10 56 34 90 415 415 8
9 STUDENTY 50 50 100 10 2 9 8 10 4 0 5 10 10 4 8 M ] 4
10 STUDENT 10 50 50 100 10 1 10 10 10 10 0 5 10 10 50 26 76 14 14 B
11 STUDENT 11 N5 105 65 2 1 2 0 10 10 0 1 1 1 4 4 28 9 9 18
12 STUDENT 12 50 50 100 10 15 10 10 10 10 4 5 10 10 0 % 9 4 9%
13 STUDENT 13 50 50 100 10 8 10 10 10 10 4 5 10 10 4 3 87 4 4 %0
14 STUDENT 14 50 50 100 10 8 10 9 10 10 2 5 10 10 Sl 3 84 145 145 9
70 STUDENT 70 49 49 9% 10 15 10 10 10 9 8 5 10 10 57 40 97 485 485 97
71 STUDENT 71 50 50 100 9 15 9 8 10 9 4 5 10 0 49 40 89 315 S 75
Table 6
Object-oriented programming — attainment value (final-term)
Assessment Type Project Final-Term Practise Work Final-Term Quiz Final-Term Test
Weight 30% 10% 20% 40%
Assessment Items
Total Total Total Total

Total Total Assessment Total Total Assessment Total Total Assessment Total Total Assessment
Course LO LO1 L1O2 Score LO1 LO2 Score LO1 LO2 Score LO1 LO2 Score

No.  Max Score 50 50 100 50 50 100 50 50 100 50 50 100

1 STUDENT1 375 375 75 50 50 100 46 46 92 375 375 75
2 STUDENT2 05 425 85 50 50 100 50 50 100 50 50 100
3 STUDENT3 475 475 95 50 50 100 355 355 7 49 49 98
4  STUDENT4 10 10 20 19 19 38 50 50 100 245 245 49
5 STUDENTS 475 475 95 50 50 100 50 50 100 465 465 93
6 STUDENT6 375 375 75 50 50 100 30 30 60 305 305 61
7 STUDENT7 475 475 95 50 50 100 50 50 100 50 50 100
8 STUDENTS 475 475 95 50 50 100 50 50 100 405 405 81
9 STUDENT9 325 325 65 47 47 94 44 4 88 425 425 85
10 STUDENT 10 45 45 90 50 50 100 30 30 60 305 305 61
11 STUDENT 11 05 425 85 485 485 97 385 385 77 405 405 81
12 STUDENT 12 025 425 85 50 50 100 50 50 100 485 485 97
13 STUDENT 13 45 45 90 50 50 100 50 50 100 49 49 98
14 STUDENT 14 375 375 75 50 50 100 2 @ 84 435 435 87
70 STUDENT 70 50 50 100 50 50 100 50 50 100 475 475 95
71 STUDENT 71 2 @ 84 50 50 100 50 50 100 50 50 100
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Table 7
Object-oriented programming — attainment value (all terms)

Assessment Type CLO Attainment
Weight
Assessment Items
CLo1 CLO1 CLO2 CLO2 CLO
Course LO Attainment Level Attainment Level CLO Attainment Level Highest CLO  Student Specialty

No. Max Score 51.20 % 48.80 % 100 %

1 STUDENT I 3945 77.05% 1 3777 7740% 1 7722 71.22% 1 LO2 Coding

2 STUDENT2 48.15 94.04% 1 4575 9BT% 1 93.90 93.90% 1 LO1 Analysis and Design
3 STUDENT 3 42.11 8225% 1 4007 8211% 1 82.18 82.18% 1 LO1 Analysis and Design
4  STUDENT 4 28.70 56.05% 2 2234 4578% 3 5104 51.04% 3 LO1 Analysis and Design
5 STUDENT 5 4729 9236% 1 4501 9223% 1 9230 92.30% 1 LO1 Analysis and Design
6 STUDENT 6 34.03 66.46% 2 3247 66.54% 2 66.50 66.50% 2 LO2 Coding

7 STUDENT7 41.75 93.26% 1 4535 9293% 1 93.10 93.10% 1 LO1 Analysis and Design
8§ STUDENT § 46.29 9041% 1 4365  8945% 1 89.94  89.94% 1 LO1 Analysis and Design
9 STUDENT 9 37.87 73.96% 1 3619 7416% 1 7406  74.06% 1 L02 Coding

10 STUDENT 10 3482 68.01% 2 3194 6545% 2 66.76 66.76% 2 LO1 Analysis and Design
11 STUDENT 11 3218 62.85% 2 2978 61.02% 2 6196 61.96% 2 LO1 Analysis and Design
12 STUDENT 12 48.57 94.86% 1 4689  96.09% 1 9546 95.46% 1 LO2 Coding

13 STUDENT 13 4834 9441% 1 4582 938%% 1 94.16 94.16% 1 LO1 Analysis and Design
14 STUDENT 14 3825 471% 1 3609  73.95% 1 7434 74.34% 1 LO1 Analysis and Design
70 STUDENT 70 49.86 97.38% 1 4782 979% 1 97.68 97.68% 1 LO2 Coding

71 STUDENT 71 45.94 89.73% 1 4486  9193% 1 90.80 90.80% 1 LO2 Coding

Average : 44.83 87.55% 4239  86.86% 87.22 87.22%

See the STUDENT4 calculation result for an example. The Mid-Term Practice Work score of
STUDENT4 in Table 5 is 88 (so the total LO1=L02=44), the Mid-Term Quiz score is 63 (total LO1=68 and
LO2=5), and the Mid-Term Test score is 34 (total LO1=L02=17). Meanwhile, as seen in Table 6, the
Final-Term Practice Work score is 38 (total LO1=L02=19), the Final-Term Quiz score is 100 (total
LO1=50 and LO2=50), the Project score is 20 (total LO1=L02=10), and the Final-Term Test score is 49
(total LO1=L02=24.50). Hence, the total LO1 of STUDENT4 for all term=222.50 of 360.00 (61.81%) and
the total LO2=169.50 of 340.00 (49.84%). See Table 7 for the overall results.

3.4. Categorize student specialty

In this research, to categorize specialty, the researchers use four skills in computer programming:
analysis, design, coding, and testing. Based on the course Learning Outcomes attainment value, we
categorize the students based on their skills. Course LOs will be used to determine the student's skills.
For example, a course has four LOs (LO1 and LO2 refer to design ability, LO3 to coding/programming
ability, and LO4 testing ability). Therefore, all students in this course with higher LO4 attainment
values will be considered to have a higher proficiency in testing.

In this course, LO1 (analyze and design classes using object-oriented concepts) refers to analysis
and design ability, while LO2 (create modular programs using object-oriented concepts) corresponds
to coding/programming ability. So students with higher LO1 values will be considered to have higher
analysis and design skills, and the others refer to coding skills.

For example, in Table 5, the total LO1 of STUDENT4 is higher than the total LO2, which means that
STUDENT4 has a higher capability in LO1 than LO2, so we can conclude that STUDENTA4's specialty is
Analysis &Design. As a result, 46 students (65.71%) have Analysis and Design skills, and 24 (34.29%)
have Coding skills in this course. The summarized student specialty of this course can be seen in Figure
4,
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Figure 4
Student Skills in Object-Oriented Programming
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3.5.Course evaluation

At the end of the semester, a course evaluation will be conducted to provide a course analysis
report. Course performance indicators and criteria are set using the CLO level of each student in the
course using (3). CLO achievement level is divided into three levels: 1=high (total (CLO>=73%),
2=medium (CLO>=55% and <73%), and 3=low (CLO<55%). A low level refers to the lower fulfillment of
the CLO. Students with the lowest level (level=3). Courses with low CSR levels and students with low
CSO levels will need extra attention for further improvements by the study program’s management.

1 (high) CLO = 73%
CLO Level ={ 2 (medium) 55% < CLO < 73% Eqg. (E.3)
3 (low) CLO < 55%

We can also determine the Course Success Rate (CSR) level using (4) based on the CLO value. There
are three levels of CSR: 1=high (Average LO>=75%, 2=medium (Average LO>=35% and <75%), and
3=low (Average LO<35%). A successful course has a minimum CSR level of 2. A course with a higher
CSR level is considered more successful. Course with low CSR level will need to submit
corrective/improvement plan report to the study program management for the next semester.

1 (High) AvCLO = 75%
CSRlevel =4 2 (Medium) 35% < AvCLO < 75% Eq. (E.4)
3 (Low) AvCLO < 35%

Course attainment evaluation report for Object-Oriented Programming can be seen in Table 8. This
report contains overall CSO achievement results and the CSR level. The CSR level for this course is
Level 1 (High), meaning that this course is successful. Only one student has a low CLO level, indicating
that almost all students in this course have already fulfilled all CLOs. As a result, the average CLO in
this course is 87.22%, with CSR level 1 (High), and only one student has a low CLO level, which means
that the lecturers must maintain this course's attainment plan and processes.
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Table 8
Object-oriented programming — course evaluation report

COURSE ATTAINMENT EVALUATION REPORT

Course : 1604C021 - Object Oriented Programming (Credit: 4)
Learning Outcomes : (LO1) The student will be able to analyze and design classes using object oriented concepts
(LO2) The student will be able to create a modular program usmng object oriented concepts
Assessment : Mid-Term Score = 20% Mid-Term Practise Work +30% Mid-Term Quiz + 50% Mid-Term Test
Final-Term Score = 10% Final-Term Practise Work +20% Final-Term Quiz + 30% Project + 40% Final-Term Test

Final Score = 40% Mid-Term Score + 60% Final-Term Score

Average CLO1 (AvCLOI): 4483 8755% MaxCLO1: 51.20 100%

Average CLO2 (AvCLO2): 4239 86.86% MaxCLO2: 48.80 100%

Average CLO (AvCLO): 8722 8722%  Max CLO: 100.00 100%

CSR Level : 1 - High

Students with low CLO (CLO Level = 3):

CLO Attainment
No CLO1 CLO2 CLO
Attainment CLO1 Attainment CLO2 Attainment CLO Highest Student
Max Score 51.20 % Level 48.80 % Level % Level CLO Specialty
4 STUDENT 4 2870 56.05% 2 2234 45.78% 3 51.04% 3 LO1 Analysis and Design

4. CONCLUSION

This research has proposed and implemented outcome-based education course outcome
attainment based on a direct method using web-based Learning Outcome Attainment Systems and
Microsoft Excel. The outcome attainment provides performance indicators and acceptance criteria via
CLO value, determining the CLO level, CSR level, and student skills (specialties) in a course.
Additionally, this study offers a comprehensive course achievement evaluation report containing CLO,
CSR, and students with low CLO levels. This report can measure course success and enable study
program management to monitor and evaluate the educational process and curriculum.

The report also provides student skills information, categorizing the student specialty based on
skills in computer programming for each student according to the student's highest CLO value. The
measurement model proposed in this study can be adapted and applied in other universities by
analyzing the curriculum set at the university, of course, considering the applicable standards and the
specific needs of the university. For the future development of this study, qualitative and quantitative
methods can be performed to produce a model that can continuously adapt to the change in
requirements and policies to support the university's strategic academic plans.
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