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Abstract The purpose of this paper is the development of course data models and learning
achievement computation algorithms for enabling the course-embedded assessment(CEA), which is
essential of competency-based education in higher education. The previous works related CEA have
weakness in the development of the systematic solution for CEA computation. In this paper, we
propose data models and algorithms to implement competency-based assessment system. Our data
models are composed of a layered architecture of learning outcomes, learning modules and
activities, and an associative matrix of learning outcomes and activities. The proposed methods can
be applied to the development of the course-embedded assessment system as core modules. We
evaluated the effectiveness of our proposed models through applying the models to a practical
course, Java Programing. From the result of the experiments we found that our models can be used
in the assessment system as a core module.
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Table 1. Comparison between the previous works

and our approach in terms of CEA
computational modeling
Criteria [1] [3] [4] [5] [6] 0
LO Model C C C C C P
Course Model C C C C C P
Evaluation Model C C C C C P
LA Scoring X X A X X o
LA Analyzing X X X X X o
22 TAHM Wt HA
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(outline) = A2 9WH(visual overview)o|ch sP9]
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B2 J9 13} Zo] BE A module learning
outcomes), $U(instruction), <537 assessments), S}
£85(activities) 5202 TYHH WHE S5 Hcourse
learning outcomes)?} AEITH12,13].

Explain the events that caused WWI

Outcome

Discuss the role of
governments and

Outline the historical
events that led to

the tensions which P

sparked WWI <€ >

Fig. 1. The course map components: Leaming Outcomes,
Learning Activity, and Assessment[9]

politics, which gave rise
to WWI (exam question)
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Table 2. An example of learning outcomes

Outcomes Type Outcomes
Program P1. Professional development
C1. Create Java programs that include
Course .
basic data types and flow constructs
M1-1. Write a Java code for calculating
Module . . }
arithmetic expressions
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Table 3. A matrix for relating module learning
outcomes to all questions of exams
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Table 4. A matrix for relating module learning
outcomes to all problems of assignments

A

MLO ar az as ay-1 ay
my 0.8 0.3 0 0 0.1
m; 0 0 0.7 0.6 0.9
Mhn 0.2 0 0 0.3 0
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Table 5. A list of course learning outcomes of Java
Programming

CLO Course Learning Outcomes

Write Java programs with the understanding of basic

CLOx data types and operators

CLO, |Write Java programs using control statements

Declare and implement Java classes with the
understanding design principles and encapsulation
Write Java programs using class inheritance and
polymorphism techniques

Write Java generic programs through definition of
generic classes

Write and run Java applications with the file 1/0
functionalities

CLOs

CLO4

CLOs

CLOs

CLO7 |Write Java GUI applications using Swing libs

Of

Table 5% Aputma ey wate] 39| /M5 o
4T HolZT) Table 62 15% SH4EES] BE
SeAa AREA 23 SeATe BE STk
AL HolzT 9k,

Table 6. A partial list of module learning outcomes
of Java Programming

CLO MLO Module Learning Outcomes

MLO+1 |Describe primitive data types of Java

cLO; MLO+, |Describe types of operators of Java

Write and run Java programs using multiple
operators of different types

Identify and define the inheritance relationship
between classes

Define up-casting and down-castring between
super class and sub classes

MLO13

MLOa1

CLO, | MEOw

MLOQOa3 |Write Java programs using Collections

MLOQOa4s |Implement polymorphism in Java

Table 7. An example of questions and assignments

Type No Description

Q1 |Explain the primitive data types in Java

Qs |Write a while-loop code to compute n!

Quiz | o,

Define a class for describing Dictionary

Write a code for implementing objects of super
and sub classes

Qie

Ar  |Write a salary computation program

Write a money diary manager program with
definition of necessary classes

Write a english dictionary program with
definition of class inheritance

Assign | A
ment

As

Apehig gy @R AY 9 FAY o=
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Table 8. An example matrix, which represents the
associations of MLOs and evaluation problems

MﬁO Q1 Qs Qn Qs A Az As
MLO1 1 0 0 0 0 0 0
MLO+2 1 0 0 0 0 0 0
MLO13 0 1 0 0 0.8 0 0
MLO# 0 0 1 1 0 0.2 0.4
MLO42 0 0 0 1 0 0.2
MLO43 0 0 1 1 0 0.2
MLOas 0 0 0 1 0 0.2
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Table 9. A partial list of module learning outcomes
of Java Programming

Exam Assignment
LO MLO Project
Mid Final 1 2| 3
7 22 20 20 21 4| 4 3
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Fig. 6. A scattered graph for representing the
number of students according to their
achievement scores of learning outcomes
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Fig. 7. A graph for representing achievement
scores of module learning outcomes
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