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Article 1s devoted to the unified development of the methodical approach to
generate tests for qualitative monitoring of students knowledge from all forms of
learning. The review of online services designed to form a bank of tasks and
knowledge testing. In article the structure of the package tests for control knowledge
which agreed with the scale of ECTS first proposed. Using online testing system
“Online Test Pad”, conducted testing of the proposed method of forming a package
of tests on the example of the organization of the control of knowledge with subject
“Algorithms and Programming”.
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Under present conditions of organizing educational process, which foresee a
systematic knowledge control, there arises the need for the knowledge control
automation through appropriate software. As it has already been noted by researchers,
the computer-based testing is an effective checking method [1 —4]. One of the
advantages of the computer-based testing is an opportunity to organize the control
without restricting its frequency thus securing immediate obtaining of accurate results
of the control instantly after the test completion. Tests differ from traditional
knowledge control by the objectivity of learning results measurements since they rely
not on teachers’ subjective judgements but on objective criteria. Moreover the results
of computerized testing can be better analyzed.

The advantages of measurements and formalized knowledge assessment
utilizing computer-based testing systems include: the opportunity for the automation

of knowledge control and test results assessment; convenience of test preparation; a



great number of questions which cover the subject on the whole; arbitrary test
duration; the integration of testing systems with segregated databases etc. Therefore
the choice of software plays an important role in performing computer-based testing,
both for the test bank formation and the testing procedure implementation. At present
online services are rapidly developing and expanding, and their portability, cross-
platformity and opportunity for instant application encourage users to their obvious
advantageous use.

The aim of the paper is the implementation of the systematic approach to the
knowledge quality assessment in the form of computer-based testing.

The problems of the theory of knowledge quality assessment in the form of
computer-based testing, the structure and forms of tests, algorithms for processing
test results and their interpretation are studied in works of K. Ingenkamp, J. Raven,
V. S. Avanesov, Yu. V. Bogachkov, Ya. S. Brodsky, I. E. Bulakh, A. N. Zemlyakov,
Yu. I. Ivanov, I. Alekseychuk, N. Talyzin, V. Bocharnikov, N. Shiyan et al. [4; 5; 6;
7]

Let us consider the systematic approach to the computer-based testing
organization.

We shall define essential stages of the systematic approach to the computer-
based testing organization:

1. Preparatory stage.

v' To form the system of the knowledge control based on the teaching
materials of the subject: the number and forms of tests, grading scale.

v' To devise packages of tests and questions in accordance with the system
of the knowledge control: theoretical questions, practical tasks (different levels), tests
(the details of compiling the test package are studied below).

v' To create the test database for self-study in keeping with the devised test
package (the details of compiling the test package for self-study are studied below).

2. Specification stage. The checking procedure and the test contents are
specified, the preliminary calculation of the control indices and parameters is carried

out.



At the specification stage it is necessary to do the following steps:

> The test approbation by the devising teacher by means of self-testing to
discover technical or syntactical errors.

> Refinement of the developed test system by a group of experts (for
instance, by applying the Delphi Method).

The Delphi Method consists in an independent and multiple questioning of
experts. As experts we suggest members of the education board of the corresponding
speciality. The first questionnaire contains general questions. After being completed
by experts the questionnaires are returned to the test designer and processed. On the
basis of the results of the first questionnaire we make the second questionnaire. In
this questionnaire experts range certain elements, agree or disagree to the test
assessment parameters of the test designers. The results of the second questioning are
the foundation for the third questionnaire. The experts consider their previous
answers against the background of the collective voice. The third questionnaire is
final.

3. The stage of the knowledge control organization in student groups.
After testing it is required to process the test results and calculate the following
parameters:

- the coefficient of the test complexity Kc (a ratio of the number of students,
who did not solve the corresponding test, to the total number of students in the
group). At this stage too easy (the value of Kc is close zero) or difficult (the value of
Kc is close to one) test questions must be revised and improved;

- the index of discrimination. The value of the index of discrimination is in the
range (-1++1). In case of a negative value the tests should be sorted out since the
negative value of the index of discrimination means that low-achieving students
answer this test question better than high-achieving ones;

- the discrimination coefficient is a coefficient which allows the assessment of
the question quality. It is a correlation coefficient between scores which the tested
student gets for a certain question and his/her total score for doing the whole test. The

negative value of the discrimination coefficient proves ill-posedness of the analyzed



question from the viewpoint of validity of estimating the level of learning material
assimilation.

Let us define the main provisions of the suggested approach to the test
packages formation:

1. Firstly, it is advised to determine the student’s knowledge model.

2. It s essential that while designing test packages general requirements to the
design of education tests and four test quality constituents should be observed [8].

3. The tests are to have various and multilevel form and take into account an
opportunity for their usage during different kinds of the student’s actual knowledge
control: placement, formative (self-examination and module control) and summative.

4. The design of the test package should be guided by age norms and other
standards stated in documents.

5. The application of content validity principles is obligatory. Content validity
is recognized if 70% of the course content includes factual knowledge, so accordingly
70% of the test questions must check factual knowledge.

It is recommended to adopt a five-constituent model of the student’s
knowledge. This model is to recognize the division of knowledge into declarative and
procedural.

The content of the test package must be in a full conformity with the purpose
of its development as well as the documents which determine the content of the
subject.

To take into account the test quality we shall have a look at every component
separately.

The intellectual component of the test quality includes:

e acomplete coverage of all provisions of the academic course;

e the number of errors (logical, speech) in stating questions and answers;

e coverage by the questions of the subject assimilation levels: terminology
proficiency, understanding of laws, decision of practical tasks.

To take the intellectual component into consideration it is necessary:

e to put questions to every provision of the lecture;



e to evaluate the tests before their implementation;

e to make up questions checking terminology, laws, and ability to do
practical tasks.

The statistic component of the test quality enables us to consider the possibility
of a chance finding of the correct answer: for example, from 10 multiple-choice
questions with 5 choices it is possible to choose correct answers in two questions. In
order to take into account the statistic component of the test quality it is needed to use
no less than four-five choices; to use multiple-response tests, arrangement tests,
matching tests, fill-in-the-blank tests; to keep in mind the possibility of a chance
finding of the correct answer by setting the lowest passing result at 60% of the
possible maximum. For example:

1. How to make macros, that will change SIZE to 5 during precompilation?
Task for 1 point, basic level, section “Elements of C language”.

#define SIZE =5
#define SIZE 5
const SIZE = 5;
#const SIZE 5
define SIZE 5
2. Which line of code contains errors? Task for 3 points, high level, section
“Datatypes in Ci”
struct A { }

0O O O O O

char a[]; // 1 char b;
}5 ¥
struct B { int main() {
char a; char a[]; // 4
char b[]; //2 return 0;
¥ }
struct C { void test(char a[]) { /5
chara[]; /3
o) /11
o) /12
o /13
o) /l 4
o) /l'5
o) in other lines
o no errors



The psychological component of the test quality allows for the term repetition
in formulating questions and correct answers; easiness of formal remembering correct
answers. Hence, a test package per module is to exceed 100 questions (a selection for
every student is about 25 questions); when formulating wrong answers it is advisable
to use “correct” phrases. For example:

1. What code can replace postfix increment in line 1?
#include <stdio.h>

main() {
mta=1;
mtb=2;

int * array[] = { &a, &b };
int ** pp = array;
(+tpp)++; // 1

at=l1;
b+=1;
array[0]+=1;
array[1]+=1;
o ppt=l;
The discipline and organization component makes it possible to consider the

0 O O O

possibility of cheating or prompting. Therefore, there is to be a time limit for test
taking (<1 minute for an easy question).
Existing computer testing systems should use as many questions of different

types as possible [9]:

o multiple-choice;

o multiple response;
o matching;

° arrangement,

o ranking;

° fill-in-the-blank;

o dealing with images.

It allows to adequately assess the student’s knowledge and, accordingly,
establish the level of his/her competence under the requirements of one of the

essential world standard constituents — the education and vocational program for



specialist training with the application of various types of control which are carried
out for the purpose of:

e placement control — to identify the level of the students’ competence in
those subjects which have been studied before a particular course or a total level of
students’ competence acquired during previous period of study;

e formative control — to establish the actual level of students’ competence
and assess the assimilation of the material for self-study;

e summative control — to determine the level of student’s competence in
theoretical and practical material of a particular subject.

A great challenge for home educators is the question of ranging summative test
questions by the level of difficultness and their compliance with the parameters stated
in the corresponding education standard. These problems can be avoided by means of
keeping to the following rules:

1. Test questions are to be divided into three categories each determining a
particular level of knowledge in the subject: basic, intermediate, advanced.

2. Follow the recommendations of the Ministry of Education and Science
of Ukraine on the summative knowledge assessment.

3. Correlate the assessment structure with the credit based modular
learning, which is founded on combining modular learning and measurements of the
students’ academic workload in ECTS credits. ECTS classifies students according to
their level of knowledge and, as a result, makes ranging easier. Employing ECTS
grading scale for checking the level of knowledge it is necessary to use tasks of
different levels while forming the test package (as well as the selection). For this
purpose we suggest that the package should be divided into three groups:

o 60% — basic level tasks measured at 2% per every task out of the total
score which equals 100% (DE level);

o 25% — intermediate level tasks measured at 6% per every task out of the

total score which equals 100% (BC level);



. 15% — advanced level tasks measured at 10% per every task out of the

total score which equals 100% (A level).

For instance, if the selection includes 40 test questions, then 24 questions equal

1 point each, 10 questions — 3 points each, and 6 questions — 5 points each.

The main results of the research. To prepare students for testing, the test

database for self-study has been formed. While compiling the database we conducted

a survey of online services aimed at organizing knowledge control through testing.

We categorize online services for knowledge control through testing into two

groups:

1) services which provide for the formation of your own test bank;

2) systems with an open-source test bank.

Table 1 shows the most popular online services to design tests and exercises

and organize different types of control (placement, formative, thematic, periodic,

summative, self-examination) which may be conventionally referred to the first

group.

Table 1

Online Services for the first category for knowledge testing

Service address / Service
purpose

Service Possibilities

http://www.classmarker.com/
test design service with an
English interface

publishing of tests in the service,
test printing

http://learningapps.org

the learning support service with
Interactive modules, the
interface supports several
languages, including Russian

building of different charts with the in-built
Mindmap tool or exporting ready-made charts,
forming audio/video content;

the possibility for the development of interactive
exercises;

the possibility to transfer tests to your html page;
the possibility for the exchange of interactive tests

http://master-test.net/uk
test design service with a
Ukrainian interface

has a constructor with a standard functional

http://quizlet.com/
service to design and use flash-
exercises and leaning games

the possibility to devise flash-cards of three
forms:

1) Flashcard Mode — these flash-cards are similar
to the traditional paper form; 2) Learn Mode —




these flash-cards reflect correct/incorrect answers
and omitted questions; 3) Test Mode — this type of
flash-cards allows choosing the types of questions:
fill-in-the-blanks, = multiple-choice, = matching,
yes/no answers.

http://www.quia.com/
an international English study
program, online test constructor

the possibility to design tests using audio files and
pictures, learning games

http://onlinetestpad.com
a multifunctional online test
constructor «Online Test Pad»

a flexible test scoring;
the possibility to build graphs and bar charts on
the basis of the test results.

http://www.banktestov.ru/
a test design service with a
Russian interface

has a constructor with a standard functional

http://www.qgreature.ru
a test design service

test design using audio/video files and pictures
which are stored on other servers

Table 2 contains a few services of the second group which facilitates test

design for a wide range of subjects pertaining to programming, and a test bank to

ensure different types of control.

Table 2

Online Services for the second category for knowledge testing

of subjects related to programming

Service address / programming languages

with available tests

Features

http://www.cquestions.com/
the C programming language

tests classified according to the theme

http://www.pskills.org/c.isp

the C/C++ and C# programming languages,

Java, HTML

tests to check the knowledge of
programming language basics, not
classified according to the theme

http://www.quizful.net/test

tests to check the knowledge of

the C/C++ and C# programming languages,
Java, JavaScript, HTML, Ruby, etc.

programming language basics, not
classified according to the theme

https://www.expertrating.com
the C/C++ and C# programming languages,
Java, JavaScript, HTML, Perl, Ruby, etc.

an international expert knowledge
assessment system of IT specialists,
free testing only for U.S. residents

www.brainbench.com
the C/C++ and C# programming languages,
Java, JavaScript, HTML, Perl, Ruby, etc.

an international expert knowledge
assessment system of IT specialists,
most tests are chargeable




The principles of using these services are similar, that is why every teacher has
a chance to choose the best way to provide possibilities for self-study.

In this work testing is organized by means of a multifunctional online test
constructor “Online Test Pad”:

1. The test bank has been developed. To approbate the procedure of forming
the structure of test packages which is described in the paper, a test package for
“Algorithmization and Programming” which includes 60 questions (out of 250 test

bank questions) has been developed.

2. Connect the test bank using online service “Online Test Pad” (pic. 1).
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Pic. 1 Test design by means of online service “Online Test Pad”

3. Set up the access to the test. Testing is carried out.

4. The test results are analyzed.

The obtained test results are correlated with the actual academic performance.
The possibility for building graphs and bar charts on the basis of processed test
results in the “Internet Test Pad” allows automation of building every student’s

progress path.



So, having studied the basic provisions of the systematic approach to the
knowledge quality assessment through computer-based testing the following
conclusions may be drawn:

1) the test design needs a systematic approach and consists of respective
stages.

2) the development of a perfect test package requires that the teacher has not
only links with the course context and academic aims via specific operational terms,
but also bears in mind the student’s knowledge model to adequately estimate
individual abilities.

3) a wide range of online services facilitates preparation of the summative
control through self-study.

4) the systematic approach to the test design ensures objective assessment.
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I'manka JI. 1.

CucTeMHUN TIAXIA MO OIIIHKK SIKOCTI 3HaHb y (opMi KOMIT IOTEPHOTO
TECTyBaHHS

PoGota mpucBsiueHa peasnizaiiii CHCTEMHOTO MIXOAY 0 OpraHizallii mporecy
TEeCTYBaHHS IS 3a0€3MEeUeHHS SKICHOTO KOHTPOJIIO 3HaHb CTyHeHTiB. IlpoBeneHo
OTJISIT OHJIAH CepBiciB, Npu3HAuYeHHX I (popMyBaHHsS OaHKY 3aBlIaHb Ta
oprasizailii TECTOBOTO KOHTPOJIIO 3HaHb. Briepiie 3anpornoHoBaHa CTPYKTypa MaKeTy



TECTOBUX 3aBllaHb Il KOHTPOJIO 3HaHb, fKa y3rojxkeHa 31 mkaiow ECTS.
BukopucroByroun onnaiiH cucreMy tectyBaHHsA “‘Online Test Pad”, mposeneHo
anpoOaiio 3amporOHOBAHOI METOAMKM OpraHizalii MpoLecy TEeCTyBaHHS Ha
MpUKIAAl OpraHizamii KOHTPOJIO 3HaHb 3 JUCHUIUIIHA ,, AJITOpUTMI3allis Ta
MPOrpaMyBaHHS .

Knouosi cnosa: tectu, TUNM TECTOBUX 3aBllaHb, MU(epeHIIiOBaHA OIIHKA,
OHJIAl{H CUCTEMA TECTYBaHHS.

I'mapka JI. W.

CuctemMHbIil MOAXOA K OIEHKE 3HAaHUM B (opMe KOMIBbIOTEPHOIO
TECTUPOBAHUS

PaGora mocesiieHa peanu3alMd CUCTEMHOTO IMOJXO0Jla K OpraHu3aiuu
mnpoiiecca TECTUPOBaHUSA JJisi OOECIEeUeHMs] KAa4eCTBEHHOTO KOHTPOJS 3HAHUI
ctyneHToB. IIpoBegeHn 0030p OHJAWH CEpPBHCOB, MpPEIHA3HAYCHHBIX  JJIS
dbopmupoBaHus OaHKa 3aJaHUN M OPraHU3alMl TECTOBOIO KOHTPOJS 3HAHUIM.
Bnepsbie npemyioxkeHa CTpyKTypa MakeTa TECTOBBIX 3aJaHUN JJIs1 KOHTPOJISI 3HAHUM,
KoTopas cornacoBana co mkanoi ECTS. Mcnonb3yst OHIIaiH CUCTEMY TECTUPOBAHUS
“Online Test Pad”, mpoBeaena ampoOanusi NpeaioxKEHHON METOANKUA OpraHU3alluu
mpouecca TECTUPOBAHMS HA IPUMEPE OpPraHU3alUMy  KOHTPOJS 3HAHWW 10
JUCLUIUIMHE ““AJNTOpUTMHU3ALHNS U TPOTPAMMHUPOBAHKE .

Kntouesvie cnosa: TeCThl, THIBI TECTOBBIX 3ajaHui, mudQepeHnmpoBaHHAS
OILIEHKA, OHJIAH CUCTEMA TECTUPOBAHUS.
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