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ABSTRACT

The course of Data Structures and Algorithms is one of the fundamental and crucial subjects in the curriculum
of the Information Technology field. This course serves as the foundation for understanding and applying
data structures and algorithms in solving real-world and complex problems. However, teaching and learning
Data Structures and Algorithms often face many challenges. Students often struggle with understanding and
applying concepts, algorithms, and data structures to real-world problems. Moreover, assessing students'
knowledge and learning performance in the course also requires accuracy and objectivity. In this context,
designing and implementing a system to support testing and evaluating knowledge for the Data Structures
and Algorithms course becomes truly necessary. Such a system not only helps students grasp knowledge
effectively but also provides opportunities for instructors to monitor students' learning progress and provide
feedback for them to improve their learning outcomes. The paper will present the design of techniques for
building an application for testing and evaluating knowledge in the Data Structures and Algorithms course.
This application will be a useful tool for both instructors and students, thereby enhancing the quality of

teaching and learning in Information Technology-related subjects.
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1.INTRODUCTION

Intelligent Tutoring Systems (ITS) are intelligent
computer-based educational software systems
designed to enhance the teaching effectiveness of
instructors and the learning experience of students.
These systems use Artificial Intelligence methods to
make decisions in education, related knowledge in
the field of teaching, student learning activities, and
the assessment of student learning related to the
subject knowledge [1]. Therefore, ITS is a popular
type of educational system and is becoming a
primary means of delivering education, leading to
significant improvements in student learning [1] [2].

Testing and assessing knowledge related to subjects
are essential components of Intelligent Tutoring
Systems (ITSs). The objective of assessment is to
assist students in gaining a deeper understanding of
their level of knowledge in the subject, including
areas of the subject matter that students have not
yet mastered. In the curriculum of the Information
Technology field, the course Data Structures and
Algorithms is one of the important foundational
subjects. The course helps students in the field of
Information Technology to understand and learn
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how to implement data structures and algorithms
to solve real-world and complex problems when
building applications, as well as enhancing
programming skills. However, learning data
structures and algorithms is not easy for every
student. The course requires learners to think
abstractly and grasp the properties, implemen-
tation of algorithms, and data structures.

Currently, surveys in studies [1-4] have shown that
Intelligent Tutoring Systems (ITS) can effectively
support learners in acquiring knowledge in various
fields. However, there is still no complete solution
for a tutoring system in assessing subjects within
the IT field. The study [5] presents the requirements
for an intelligent educational system that serves
two primary functions: querying course knowledge
and evaluating learner proficiency through
multiple-choice testing. The study also propose a
solution to design the knowledge base, inference
engine, and tracing system based on a knowledge
model that integrates ontology and knowledge
graph. Nevertheless, for the multiple-choice testing
function, the proposed solution does not apply any
testing theory to build exam questions or question
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bank. Although the solution designed in the paper
is very useful for building intelligent systems in
education, the paper does not mention the specific
field in which the solution has been applied for
knowledge testing and evaluation. The system for
illustrating algorithms in study [6] presented a
solution for intelligent automatic algorithm
illustration for several subjects that heavily involve
algorithms, such as data structures and algorithm:s,
graph theory, etc. The system supported two user
groups: end-users and knowledge administrators.
The knowledge about algorithms was modeled,
allowing the knowledge administrators to input
various types of algorithms into the system. The
second function was for users learning the
algorithms, enabling them to view step-by-step
illustrations of the algorithms based on specific
problem data entered into the system. However,
this system still lacks the functionality for assessing
knowledge of the subject matter. The authors in
paper [7] presented an automated knowledge
assessment support system in the domain of high
school mathematics. The paper showcased an
application of expert systems in supervising and
evaluating learners' competencies within the scope
of content knowledge and thematic content in high
school mathematics. Additionally, we can easily
find commercial applications that support
assessment of knowledge in general education
subjects such as English (International English Test)
[8] or Mathematics (VioEdu, HocMai) [9, 10].
However, there is not yet a specific application that
supports the assessment of knowledge in
Information Technology subjects, specifically Data
Structures and Algorithms. There are also Learning
Management Systems (LMS) that support
knowledge assessment based on data added to the
system, such as Elearning [11]. These applications
only support testing but do not provide a system
that offers detailed evaluation of students' or
learners' test results. Currently, there is still no
complete solution for developing a support system
for testing and assessing knowledge in the Data
Structures and Algorithms subject.

In this paper, a knowledge base model for assessing
the Data Structures and Algorithms course will be
presented. The system built on this model will
support the creation of multiple-choice tests in
alignment with the course's learning outcomes and
the suitability level for students base on classical
test theory. By using several analytical and
statistical techniques, the system will automatically
assess the user's capabilities by providing both
qualitative and quantitative information. In
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addition to evaluating the learner's knowledge
aspects, the system can also offer feedback and
suggestions on the areas where the learner needs
improvement. This system will help students
accurately assess their abilities, reinforce their
learning, and enhance related programming skills.

2. KNOWLEDGE MODEL FOR MULTIPLE CHOICE
ASSESSMENT SYSTEM

In designing a support system for testing and
assessing knowledge in the Data Structures and
Algorithms course using objective multiple-choice
format, building a knowledge representation model
is a crucial part to ensure flexibility, efficiency, and
diversity in the testing and assessment process. This
knowledge representation model needs to: i)
ensure the representation of concepts and
knowledge related to the course; ii) have a
structured organization for building a question
bank; iii) include a model that links course content
with the question bank.

2.1. Knowledge base model of the data structures
and algorithms course

2.1.1. Modeling the knowledge base for the
content of Data Structures and Algorithms course
The Data Structures and Algorithms course
introduces and provides knowledge about data
structures and algorithms in the field of Information
Technology. The course equips students with
knowledge on analyzing and designing compu-
tational algorithms for computers, as well as basic
data structures and their applications. It helps
students consolidate and develop their programming
skills. After completing this course, students should
be able to achieve the following course learning
outcomes (CLO):

CLO1: Understand the concepts and roles of data
structures and algorithms in the curriculum, the
criteria for evaluating data structures and
algorithms. Grasp the concept of algorithm
complexity, basic computational techniques, and
algorithm representation;

CLO2: Identify and state search problems, related
factors, and constraints in the problem, model the
problem, determine methods for solving the
problem, and analyze the advantages and
limitations of these methods;

CLO3: Identify and state sorting problems, related
factors, and constraints in the problem, model the
problem, determine methods for solving the
problem, and analyze the advantages and
limitations of these methods;

Hong Bang International University Journal of Science



Hong Bang International University Journal of Science - Vol.6 - 6/2024: 65-74

CLOA4: Grasp basic data structures and be able to
apply these basic data structures to write simple
application programs;

CLOS5: Grasp the implementation of data structures
and algorithms, and be able to apply them to solve
simple problems;

Definition 2.1: The model for organizing the
knowledge base to represent the content
knowledge of the Data Structures and Algorithms
course has the form:

(T, Q R, CLO)
In which, T is the set of topics in the course
organized in a tree structure; Q is the set of
multiple-choice questions in the course; R is the set
of relationships between topics in the course and
multiple-choice questions; CLO is the set of course
learning outcomes. For each question g € Q, it will
have the structure:
(question_content, answers, correct_answers,
difficult_level, discrimination_level, bloom_level)
In this model, question_content is the content of
the question; answers is the set of possible
answers; correct_answers is the set of correct
answers (correct_answers € answers);
difficult_level represents the difficulty level of the
multiple-choice question, calculated according to
classical test theory. The difficulty level of a
multiple-choice question is the percentage of
examinees who answer the question correctly out
of the total number of examinees who attempt the
question [12,13];
discrimination_level represents the discrimination
level of the multiple-choice question, indicating the
guestion's ability to differentiate between groups
of students with different abilities [12, 13];
bloom_level represents the cognitive level of the
multiple-choice question according to the Bloom's
Taxonomy scale of the course's learning outcomes
[12, 13]. The paper utilizes 4 levels of the Bloom's
Taxonomy scale: Remembering (R), Understanding
(U), Applying (AP), and Analyzing (AN).
This knowledge base model has been applied to
organize a bank of multiple-choice questions for the
Data Structures and Algorithms course. This
qguestion bank is used to generate a test suitable for
the requirements and abilities of students, and the
results of this test serve as the basis for diagnosing
students' knowledge levels.

2.2.2. Modeling user of the system
The proposed system can track the student's

learning progress through tests. The system collects
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content and results from the user's tests. Based on
this information, the system can evaluate the
student's knowledge development.

Definition 2.2: The user model in the system is
structured as follows:

(PROFILE, TEST_LIST)
In which, PROFILE is the user's system information;
TEST LIST is the set of lists of tests that the user has
completed. For each test € TEST_LIST, it will have
the structure:

(t, cq, icq, m)

In this model, t is the test that the user has
completed; cq is the set of questions in test t that
the user answered correctly; icq is the set of
questions in test t that the user answered
incorrectly; mis the score of test t; questions cq and
icq have structures similar to questions g € Q.

2.3. Knowledge base model for multiple choice
questions bank and course content linking

A test is usually designed by selecting questions
from a question bank. A question bank is a
collection of a relatively large number of questions,
where each question is described with specific
content areas and its parameters, such as difficulty
level (difficult _level) and discrimination level
(discrimination_level) according to classical test
theory [12]. The question bank must be designed to
allow operations such as excluding or modifying
poor questions, and adding good questions, so that
the quantity and quality of the questions
continually improve. The steps for designing a
standardized test and a question bank for the Data
Structures and Algorithms course can be
summarized as follows [12]:

(1) Build a knowledge matrix for the Data Structures
and Algorithms course;

(2) Assign instructors to create a certain number of
guestions according to the requirements
associated with the cells of the knowledge matrix as
an example shownin Table 1;

(3) Organize reviews, edit, exchange questions
among colleagues, and store the questions in
computer databases. This step will result in a set of
meticulously edited multiple-choice questions
stored on the computer. However, this is not yet a
guestion bank, as the questions have not been
tested to determine their difficulty and dis-
crimination parameters;

(4) Create trial tests and conduct pilot testing on
groups of students representing the overall
population to be assessed;
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(5) Grade and analyze the trial test results. The
process of statistical analysis and calibration of the
multiple-choice questions will yield two types of
results: one, providing the parameters of the
multiple-choice questions, and two, identifying
poor-quality questions.

(6) Handle poor-quality questions by either
modifying them or discarding them if they are of
such low quality that they cannot be corrected. The
revised questions are then stored again. Through this
step, a question bank begins to take shape. The

process of pilot testing and refining the questions
can be conducted multiple times, with each iteration
resulting in the modification and improvement of
some questions in the question bank, thereby
expanding and enhancing the question bank.

(7) Once the quantity and quality of the questions in
the question bank are assured, official tests can be
designed for formal exams. The structure of an official
test should be represented by a corresponding
knowledge matrix.

Table 1. The knowledge matrix for a final exam at Level 1

Course . Number of Questions according to
. Data Structures and Algorithms . o
Learning Course Content Bloom's Taxonomy Cognitive Levels | Total
Outcomes R U AP AN
cLol Chapter 1. Overview of Data . 5 3 1 1 10
Structures and Algorithms
CLO2, CLO3 | Chapter 2. Searching and Sorting 4 3 1 1 9
CLO4, CLO5 | Chapter 3. Linked List 4 3 1 1 9
CLO4, CLO5 | Chapter 4. Stack, Queue 4 3 1 1 9
CLO4, CLO5 | Chapter 5. Tree 4 2 1 1 8
CLO4, CLO5 | Chapter 6. Hash table 4 1 0 0 5
Total 25 15 5 5 50
Percentages 50% 30% 10% 10% 100%

Definition 2.3: The model for the test structure is
as follows:
(LI QR/ QU/ QAP/ QAN)

In this model, L is the difficulty level of the test; Q,,
Q, Q,, Q,, are the set of questions at the
Remembering (R), Understanding (U), Applying
(A), Analyzing (A) levels of Bloom's Taxonomy
correspondingly.

The difficulty of a test can be designed according to
Bloom's Taxonomy, the difficult level (p) of the

guestions, and the discrimination level (d) of the
questions as in Table 2. The difficulty level of a

Table 2. Difficult level of the test

guestion can be categorized as follows: easy
question (difficult_level < 0.7) moderately difficult
qguestion (0.6 < difficult_level < 0.7), medium
question (0.4 < difficult_level < 0.6), relatively
difficult question (0.3 < difficult_level < 0.4), and
fairly difficult question (difficult_level < 0.3) [12,
13]. The difficult level of a question is computed by
classical test theory [12, 13]. A good discrimination
level for a question falls within the range of [0.2 - 1]
and is also computed by classical test theory [12,
13]. If discrimination_level < 0.2, the question is
considered poor and needs to be either removed
orrevised forimprovement.

e Proportion of Questions by Cognitive Difficult Discrimination
Difficulty Level . ,
of the Test Levels According to Bloom’s Taxonomy level level
R U AP AN (p) (d)

Level 1 (Easy) 50% 30% 10% 10% p=>0.7 02<d< 1
Level 2 (Moderate) 40% 30% 20% 10% 06<p<07 02<d<1
Level 3 (Medium) 30% 40% 20% 10% 04<p<0.6 02<d< 1
Level 4 (Difficult) 20% 30% 30% 20% 03<p<04 02<d<1
Level 5 (Very Difficult) 20% 20% 30% 30% p<03 02<d=<1

3. MODELING OF PROBLEMS AND ALGORITHMS
Based on definitions 2.1, 2.2, 2.3, the system

supporting the assessment of knowledge in the
subject of Data Structures and Algorithms needs to
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address the followingissues:

(1) Creating tests according to specific requi-
rements: the system can generate tests based on
the desired number of questions, the difficulty
level of the test, and the specific topics of interest
withinthe subject.

(2) Assessing students' knowledge through a
particular test: based on the result of a particular
test taken by students, the system can provide
feedback on their performance and abilities in
each topicor course learning outcome.

3.1. The problem and algorithm of generating a test
Definition 3.1: The problem of generating tests

according torequirementsis defined as follows:
(#question, test_level, topic, time) — (L, Q, Q, Q,, Q,,)
Where #question is the number of questions in the
test; test_level is the difficulty level of the test as
shown in Table 2; topic is the set of topics in the
subject to be tested (topic = T); (L, Q, Q, Q.. Q,,)
are defined in 2.3 and meet the requirements of
(#question, test_level, topic); time is the duration
of the test, measured in minutes.

With the knowledge organization (7, Q, R, CLO) defined
in 2.1 and the parameters for generating a test
(#question, test_level, topic, time) as defined in 3.1, the
algorithm of generating a test for the subject of Data
Structures & Algorithms is described as in Figure 1.
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Figure 1. Algorithm of generating a test

3.2. The problem and algorithm of evaluating
user knowledge through a test

3.2.1. Evaluating user's ability on topic

In this evaluation, the system must provide some
statistical results about the topics that students
have been tested on. The test can contain one or
multiple topics and has a difficulty level of
test level. Based on each topic t in the test and
guestions about t, the system will assess the
student's ability on topic t when taking the test at
the difficulty level of test_level.

Definition 3.2: The knowledge gained by the
student or learner on topic t in the subject of Data
Structures and Algorithms, based on the test, is
assessed according to the following formula:

_n ue av ang o

Pt—rtxm+ut><n+apt><p+ant><q, (1)
withO<m, n,p,g<1

Where P, is the knowledge gained by the student on

topic t in the subject of Data Structures and

Algorithms based on the test the student has taken;

(m, n, p, q) are the proportions of questions
corresponding to the levels of Bloom's taxonomy used

Hong Bang International University Journal of Science

in the paper, such as Remembering, Understanding,
Applying, and Analyzing, on topic t in the test. These
proportions are calculated based on the number of
questions for each content area distributed in the
knowledge matrix, as an example shown in Table 1;

r', u', ap', an', are the numbers of questions on
topic t that the student answered correctly in the
test, corresponding to the cognitive levels
Remembering, Understanding, Applying, and
Analyzing, respectively;

r, u,ap, an,are the numbers of questions on topic
t in the test corresponding to the cognitive levels
Remembering, Understanding, Applying, and
Analyzing, respectively.

The knowledge gained by the student on topic t in
the test is proposed to be evaluated by the system
as follows:

(1) P, < 0.5: the student is weak in topic t when
taking the testin the subject of Data Structures and
Algorithms at the test_level,

(2) 0.5 < P, £ 0.75: the student demonstrates good
knowledge of topic t when taking the test in the subject
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of Data Structures and Algorithms at the test _level,

(3) P, > 0.75: the student demonstrates excellent
knowledge of topic t when taking the test in the
subject of Data Structures and Algorithms at the
test level.

Definition 3.3: The problem of assessing students'
or learners' knowledge in a subject of Data
Structures and Algorithms based on the test is
defined as follows:
(PROFILE, QUIZ) FEEDBACK

In which, PROFILE represents the information of
the student or learner taking the test on the
system; QUIZ is the set of questions in the test;
FEEDBACK is the result and recommendation
provided by the system to the student or learner
based onformula(1).

With the knowledge organization (T, Q, R, CLO)
defined in section 2.1, the test structure model as
in definition 2.3, and formula (1), the algorithm of
evaluating students' or learners' knowledge in the
subjectthrough atestis described asin Figure 2.

3.2.2. Evaluating user's ability on course learning
outcome

A test can contain one or more learning outcomes
and have varying difficulty levels. Based on each
learning outcome (CLO) in the test defined in the
knowledge matrix as examplein Table 1, along with
the questions related to these CLOs, the system
will assess the students' or learners' ability to
achieve the learning outcomes when taking the
test with the specified difficulty level.

Definition 3.4: The learning outcomes in the
subject of Data Structures and Algorithms that
students or learners achieve through any given test
are evaluated according to the following formula:
_ Tclo 14 Uclo ! aPcio 1 Ancle I,
Pclo—axmﬁ'axrl,*'ﬂx +@Xq, (2)
withO<m’, n,p,q’ <1

Ll thee sel ol Lpice and conlenl in

Where P_, is the knowledge gained by the student
on course learning outcome clo in the subject of
Data Structures and Algorithms based on the test
the student has taken;

(m', n', p', q') are the proportions of questions
corresponding to the levels of Bloom's taxonomy
used in the paper, such as Remembering,
Understanding, Applying, and Analyzing, on
course learning outcome clo in the test. These
proportions are calculated based on the number of
guestions for each content area distributed in the
knowledge matrix, as an example shownin Table 1;

r'., u'. ap', an', are the numbers of questions
on course learning outcome clo that the student
answered correctly in the test, corresponding to
the cognitive levels Remembering, Understanding,
Applying, and Analyzing, respectively;

r., Uy ap,, an, are the numbers of questions on
course learning outcome clo in the test corresponding
to the cognitive levels Remembering, Understanding,
Applying, and Analyzing, respectively.

The knowledge gained by the student on course
learning outcome clo in the test is proposed to be
evaluated by the system as follows:

(1) P, < 0.5: students have not met the course
learning outcome clo when taking the Data Structures
and Algorithms course test at the test_level,

(2) P,, 2 0.5: students demonstrate good
knowledge and meet the course learning outcome
clo when taking the Data Structures and
Algorithms course test at the test_level;

With the knowledge organization (T, Q, R, CLO)
defined in section 2.1, the test structure model as
in definition 2.3, and formula (2), the algorithm of
evaluating students' or learners' ability on the
course learning outcomes through a test is
described asin Figure 3.
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Figure 2. Algorithm of evaluating students' ability on topic

ISSN: 2615 - 9686

Hong Bang International University Journal of Science



Hong Bang International University Journal of Science - Vol.6 - 6/2024: 65-74

Idennify the set ol coiire: baming

FPROFILE, (LTE)
oatoome and cordem im the test Q0

fach coursn

learning cuitome
il i the 1ot

PLTE?

M

FES

Determie fhe sumber of quastions on courss karsng suloome
eho i the et QIVE (i o, ap . o) eoameipondisg 1o Se
oognitive levels Sewemberieg, Uadersianding. Agsiiag, and
Ascelvzing sllocaed in the kiowledpe sar med i ereate he
LT tesl

Provide ovenall Tesdeack

}

Dresenming the progaortioss of qeestisn fu ), e’ ol g 7 G te
snprilive levil Rememboring, Dinderrtandfag, Apphiieg, and
Anafyzing regarding courss leaming ostoome clo in the (AUTZ e,
allpeated = the kaowhedge matrix wsed i encale the e QLG

Caloulaie £, acoording o formuka {2) |

!

Frovide feedback o the mowiodge
sguired By the stalenl om course
leaming outcorme o based on P,

Desermine the member of questinm on coerse leamisg oucome
o kel the ssadent answered commecthy in the (U Seal frl. .
ALy, N correspording oo the cogmative bevels Remimabwring,
Unaerskending, Appivag, and Amaiyzme

Figure 3. Algorithm of evaluating students' ability on course learning outcomes

4. EXPERIMENTAL RESULTS

Based on knowledge model for Data structures
and Algorithms course in section 2 and model of
problems in section 3, a knowledge assessment
system for Data structures and Algorithms
multiple choices test at Hong Bang International
University has been developed. In this section, we
present the architecture and knowledge base of
the system, and our system evaluation.

4.1. Architecture and knowledge base of the system
The architecture for knowledge assessment
system for the Data Structures and Algorithms is
shown as in Figure 4. The system has two types of
users: students and knowledge engineers.
Students will use our program to support their
studying by doing a test and following their
developing knowledge. Knowledge Engineer can
manage the knowledge base of the system
through the user interface. The module (1) will
classify the request from the user and distribute
the request into other modules (3), (4), (5)
approriately. The module (3) has functions to
manage the knowledge such as insert, update,
delete. The module (4) will evaluate the data
structures and alogorithms knowledge through
the testing processing. The module (5) is
reponsible for generating a test according to
specific requirements. The knowledge base stores
the data structures and algorithms knowledge
domainin SQL database.

Knowledge Engineer |

| Sindent | |
I User Interface I
¥ |
Request Classification (1) | Explanation {2)
Enowledge Knowledge Teat
Mlanagement (3) Evaluation {4) enemitson (5}

)

Enowledge
Basie

Figure 4. The architecture of knowledge
assessment system

The topics of the subject of Data structures and
algorithms are collected from textbooks and
lectures used in the Data Structures and Algorithms
course for Information Technology students at
Hong Bang International University [14, 15].
Multiple questions are also developed from [14,
15]. These questions were divided into topics and
determined their cognitive level according to
Bloom's Taxonomy (Remembering (R),
Understanding (U), Applying (AP), Analyzing (AN))
by some of IT lecturers at Hong Bang International
University. Currently, the reposistory of our system
has about 225 questions. The number of questions
in 6 chapters of our Data Structures and Algorithms
course are presented in Table 3.

Table 3. The number of questions in 6 chapters of Data Structures and Algorithms course

. Number of Questions according to
Data Structures and Algorithms : .
Course Content Bloom's Taxonomy Cognitive Levels | Total
R U AP AN
1| Chapter 1: Overview of Data Structures and Algorithms 42 12 7 7 68
2| Chapter 2: Searching and Sorting 15 19 11 6 51
3| Chapter 3: Linked List 16 11 1 1 29
4| Chapter 4: Stack, Queue 10 3 5 6 24
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Data Structures and Algorithms Numbler of Questions acF c.)rdmg to Tota
Course Content Bloom's Taxonomy Coghnitive Levels |
R U AP AN
5| Chapter 5: Tree 7 4 10 10 31
6| Chapter 6: Hash table 5 7 7 3 22
Total 95 56 41 33 225

4.2.System evaluation
Our knowledge assessment system can make a test

according to specific requirements. This test
satisfies requirements of students about the
content, topics, and the level of hardness. Besides
that, it can evaluate the level of the students'
knowledge on each topic. From these results, the
students will have a plan for self-studying to
improve their weakness topics.

A. Functional Testing

1) Test-taking User Interface: As shown in Figure
5, this is the interface of our system when a
student does a multiple choices test.
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Figure 5. Test-taking User Interface

2) Test Result User Interface: After finishing a test,
our system will analysis the questions of this test by
topics and show results of the diagnosing the ability

of the student about each topic. As shown in Figure
6, the system shows student's assessment on the 6
topics of the Data Structures and Algorithms course.
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Figure 6. Test Result User Interface

B. Comparisions with Other Systems

Table 4 below shows a comparison between our
system and other systems that support multiple-
choice testing. The comparisons are based on the
function about the generating a test, the
evaluationto the student, and testing domain.

Table 4. A comparison between our system and other systems that support multiple-choice testing

Program

The ability to generate test

The ability to give

student assessment  [Testing Domain

Intelligent Support |- It can generate a test randomly with |- It can evaluate the level of

Systemforthe | common parameters, such as: the the learner’s knowledge on
Knowledge time, the number of questions, the each topic through a test. High-school
1 evaluation in level of the difficulty. mathematics
high-school |- It cannot create a test with the
mathematics [7] | selected contents and topics.
- Funtionalities are not public to user |- It only evaluates based on
International | of the systems. the scores .
2 | English Test [8] - It does not analysis how to English
get those assessments.

- Funtionalities are not public to user

- It can evaluate the level of  |Elementary and

3 VioEdu [9] of the systems. the learner’s knowledge on High-school
each topic through a test. mathematics

- It has available tests which were - It only evaluates based on
4 HocMai 110 made by experienced lecturers. the scores High-school
ocMai [10] | It cannot make a test automatically. |- It does not analysis how to mathematics

get those assessments.
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Program

The ability to generate test

The ability to give

student assessment |Testing Domain

5| Elearning [11] | manuallyfora particular test.

selected contents and topics.

- Lectures are able to create a test but
they have to import or create questions |- It does not analysis how to get

- It cannot create a test with the

- It can only give the scores

Multiple

those assessments. .
domains

6 Our system

- It can generate a test randomly with |- It can evaluate the level of
parameters such as: number of
question, test level, topic, and time.

- It can create a test with selected topics.

Data structures
and Algorithms

the learner’s knowledge on
each topic through a test.

5. CONCLUSION

The paper presented the design of techniques to
develop an application for assessing knowledge in
the subject of Data Structures and Algorithms. The
proposed system supports creating objective
multiple-choice test according to the course
content and the course syllabus of the Data
Structures and Algorithms subject at Hong Bang
International University. The system is able to
evaluate level of students' knowledge about the
subject through classical test theory. This system
canalso support the training through making a test
satisfying the requirements from students.
However, the impact of the proposed system on
the learning process of students in the subject
requires further experimentation and research. In

the future, question banks for courses need to be
reviewed and supplemented. Based on multiple
tests that students have completed, the system
can provide feedback on students' knowledge of
specific topics in the course content through the
entire process of multiple test-taking. We also
need to develop a function to remove or revise the
guestion or answer forimprovement. Additionally,
we needs to further research modern theoretical
testing, also known as Item Response Theory [12],
to have a more objective view of the difficulty of
guestions and the competence of students.
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4

Thiét k& hé thong ho tro kiém tra danh gia kién thirc
mon Cau trac dir liéu va Giai thuat
Hoang Ngoc Long, Mai Trung Thanh va D6 Vin Nhon

TOM TAT

Mén hoc Céu tric dit liéu va Gidi thudt la mét trong nhitng mén co ban va quan trong trong chuong trinh
dao tao nganh Céng nghé théng tin. Mén hoc déng vai trd Id nén tdng cho viéc hiéu va dp dung cdc cdu triic
dit liéu va thudt todn trong viéc gidi quyét cdc vén dé thuc té va phirc tap. Tuy nhién, viéc gidng day va hoc
Cdu truc di¥ liéu va Gidi thudt thudng déi mdt vdi nhiéu thdch thire. Sinh vién thudng gdp kho khdn trong
viéc hiéu va dp dung cdc khdi niém, thudt todn va céu tric dir liéu vao cdc bai todn thuc té. Ddng thoi, viéc
ddnh gid kién thire va hiéu sudt hoc tdp cua sinh vién trong mén hoc ciing doi héi sw chinh xdc va khdch
quan. Trong béi cdnh nay, viéc thiét ké'va trién khai mét hé théng hé tro kiém tra va ddnh gid kién thirc cho
mén Cdu truc di¥ liéu va Gidi thudt tréd nén that sw can thiét. Mot hé théng nhw vay khéng chi gidp sinh vién
ndm vitng kién thirc mét cdch hiéu qud ma con tao diéu kién cho gidng vién theo déi tién trinh hoc tép cla
sinh vién va cung cép phdn héi dé ho cé thé cdi thién két qud hoc tép. Bai bdo sé trinh bay vé thiét ké cdc kj
thudt dé xdy dung trng dung kiém tra ddnh gid kién thirc mén Céu truc dit liéu va Gidi thudt. Ung dung nay
sé la mét céng cu hitu ich cho gidng vién va sinh vién, tir dé néng cao chdt luong giang day va hoc tdp cdc
mdn hoc nganh Céng nghé théng tin.

Tirkhoa: gido duc dién tu, E-learning, intelligent software, intelligent tutoring system
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