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Abstract

There are a number of controlling, educational innovative systems in
the educational market at present. The selection of the computerized
testing systems is a complex task, it is necessary to apply specific meth-
ods to complete it. The article performs the comparative assessment of
the functional completeness of the computerized adaptive testing sys-
tems in education, whose functional possibilities are determined by the
intersection of functions between the selected classes of test systems.
The comparison of the testing systems according to the functional com-
pleteness allows to make a full list of the functions, to systemize the
information on the composition and functional completeness, to quan-
tify the computerized testing system compliance degree with the user’s
requirements, at the stage of the preliminary analysis to exclude the
computerized testing systems where the necessary functions are not
performed from the further consideration, to form a group of the com-
puterized testing systems with the identical functional completeness, to
expand the optimal choice for the consumer-user at the computerized
testing system market providing the full list of the performed functions
by each system, and to show the designer the position of the product
among other existing computerized testing systems.

Keywords: computer system, adaptive testing, functional complete-
ness, functions list, the “reference” system, absorption matrix, similar-
ity matrix, similarity graph.

1 Introduction
At present a number of the innovative software applied in education has emerged. The selection of the com-
puterized testing systems is a complex task, it is necessary to apply specific methods to complete it. The main
challenge to face while performing performs the comparative assessment of the computerized testing systems is
lack of certainty and probable complexity of modern educational products as well as lack of detailed researches in
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the sphere of the comparative quantitative and qualitative assessments of functional completeness the innovative
testing systems in education. That is why, in our opinion, it is grounded to apply formal procedures to compare
computerized systems according to the criterion of functional completeness.

2 Task
To assess the consumer quality of the analyzed the computerized testing systems (CST) is a rather complex
task. The introduction of the innovative methods into the educational testing systems functional is taking place
currently. CST are often differ in quality and price. In this connection it is expedient to accomplish the following
tasks:
− to analyze the quality of the best known CST applied to automate the educational testing process and to

make the list of the functions performed by these systems [Lip83];
− to give a comparative assessment of the systems under consideration according to the functional completeness

[Kal99, Efi99];
− to single out the list of the compulsory and auxiliary functions for the analyzed systems and to design a

“reference” model of a computerized testing system to meet the main users’ requirements .
[Wei73]

Computerized Adaptive Testing – CAT, where tasks (questions) are selected algorithmically depending on the
previous answers adapting to the knowledge level of the tested one, can be referred to the innovative educational
methods [Kim08, Tis18, Tis16, Sca07].

By computer adaptive testing we understand “computerized system of the scientifically grounded testing and
assessment of the learning results highly efficient due to optimized procedures for generation, presenting and
test evaluating test results” [Ser07, Ava02, Nik16]. CAT improves the motivation, reduces testing time, demands
fewer tasks for every examinee without measurement accuracy reduction [Zhil10, Bus07, Nik14, Khu95].

To research and compare CST between themselves applying the formalized methods [Bue99] it is necessary to
decompose targets which traditionally are split into subsystems and tasks (modules) [Tel02, Tit98, Smi02]. The
design of the CST functional model started with modeled testing system in a whole in the form of the context
diagram (fig. 1).

Figure 1: Context diagram of the visual model of computer testing system, model IDEF0

The system interacts with environment through entrance terms (fig. 1 «Student’s answers»), exit (the whole
process results – «Results»), management («Rules») and mechanisms («Kernel of testing system», «Student»,
«Administrator», «Teacher»).



To conduct the functional completeness analysis CST model context diagram was decomposed into functions.
By the function we understand the system’s ability to satisfy a user’s need. Another decomposition variant is
to split CST into functional operations. The functional operation means the system user actions to perform
a function. Function is a system’s ability; it is performed when a user performs a corresponding functional
operation.

In the context of the conducted research more than 90 educational CST, including “Expert”, “AST-Test”,
“SInTeZ”, “SunRav TestOfficePro”, “WebTester”, “WebTutor (module “Testing”)”, IBM Lotus LearningSpace,
eLearning Server 3000 (module “Testing”)” Moodle (module “Test”)”, etc. were analyzed. The preliminary list of
the functions of the analyzed systems was made with application of demo and working CST versions, documents
and literary sources. This list is rather full, but its further expansion is possible due to functions addition
identified by expert surveys. CST analysis allows singling out more than 100 functions, whose top level of the
hierarchy structure is presented Fig.2.

Figure 2: The top level of the hierarchy of the educational CST functions

The “Developing and editing texts” Group includes about 30 functions, whose fragment is presented at Fig.3.
The “Administration and planning” Group comprises such functions as “Users authorization”, “User groups”,
“Client-server mode”, etc. The “Testing” Group has more than 20 functions whose fragment is presented at Fig.4.

Figure 3: The “Developing and editing texts” Group
functions

Figure 4: The “Testing” Group functions



3 Development Of Methodology
3.1 Making The List Of The Functions Performed By CTS

To analyze CST according to its functional completeness it is proposed to divide them into two groups:
− distributive testing systems (DTS) – the systems to be installed in each PC;
− web-systems (applications) for testing (WST) and testing modules in the educational systems.
The suggested groups allow identifying the common functions inherent to each group of the analyzed systems

and the individual functions as well. Any system can be referred to : both distributive and web-system supporting
adaptation functions. Functions Merge Scheme is presented at Fig. 5, it allows identifying two blocks of the
analyzed functions of CTS of the adaptive testing:
1. block: , installed distributively;
2. block: web-systems of .
Further on the common functions present at CTS groups will not be considered.

Figure 5: CST Functions Merge Scheme

The CAT functions list fragment (out of 53) to analyze the CTS functional completeness is presented in Table
1.

Table 1: CAT fragment - CTS Functions to Analyze Functional Completeness

Function name
.....

To rate of the tested (students)
To set the grading scale

To set the range of the number of questions in the test (total, min, max)
To diagnose the problem areas of the tested one

To form a knowledge bank
To set/ selects a starting point

To set test points
To assign the time (distribution)

To select the frequency of the unexpected answers by those to be tested
To set completion criteria

To form intermediate assessments
To set a number of the answers guessed and a number of the random errors

To calculate the statistical indicators of the variation of test tasks
To calculate the test task reliability coefficient

The features of the design, application and selection of the distributive systems and web development do
not allow conducting the joint analysis of their functional completeness that is why this methodology we apply
separately for each of the two groups Let us single out the systems supporting the analyzed functions, from the
full list of the considered CAT (Tables 2, 3).

By the “reference” system we understand the system supporting all analyzed functions.



Table 2: CAT fragment - CTS Functions to Analyze Functional Completeness

Code Name
S1 Test Constructor
S2 «The University chair tests» SSU
S3 ST-st
S4 «MasterTest»
S5 «SInTeZ»
S6 Universal test complex
S7 Test Edit
S8 Test Yourself
S9 UniTest System
S10 Revizor
S11 Mental Control
S12 Students’ testing
S13 Vesta
S14 AUGUST
S15 CS Net
S16 MiniTestSL
S17 Quizzz
S18 VerlTest
S19 TestBOX Standalone Builder
S20 Softvea TestBOX
S21 SunRav TestOfficePro
S22 Attestation
S23 IT Test
S24 Your test
S25 FastTEST Professional Testing System
S26 Test4DL ,
S27 MSCat Demo
S28 Test 2002. Professoinal Edition
S29 -Test
S30 Reference system



Table 3: WST+ ES List

Code mane
VS1 Test. Software environment «LEMON»
VS2 «KnowledgeCT»
VS3 «Teketesting»
VS4 «TESTOR.RU»
VS5 WebTester
VS6 WebTutor (module “Testing”)
VS7 Chamilo (module ”Test”)
VS Claroline (module ”Tests”)
VS9 5+ (module “Testing”)
VS10 IS COA (module “Testing”)
VS11 eLearning Server 3000 (module “Testing”)
VS12 LAMS (module “Testing”)
VS13 Moodle (module ”Test”)
VS14 Sakai (module “Testing”)
VS15 distance education system Prometheus (module ”Test”)
VS16 distance education system “DOCENT” (module “Testing”)
VS17 Learn eXact (module “Testing”)
VS18 Microsoft E-Learning (module “Testing”)
VS19 IBM Lotus LearningSpace (module “Testing”)
VS20 Reference system

3.2 A Comparative Assessment Of The CTS According To The Functional Completeness

The fragment of the X matrix showing what functions performed by the researched DTS is presented in Table
4. If function j is supported by system I, then Xij=1, otherwise Xij=0. Applying the methodology proposed in
[2, 16], it is possible to analyze the functionality of these systems: to assess the completeness of the automated
functions with respect to the “reference” system as well as to assess the degree of their similarity and connection
with each other.

Table 4: X Matrix (Source Data for Analysis). DTS Functions Performance (Fragment)

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 ... F52 F53
S1 1 1 1 0 0 1 0 1 0 1 0 0 1 0 ... 0 1
S2 1 0 0 0 0 1 0 1 0 0 0 0 0 0 ... 0 1
S3 1 0 0 0 1 1 0 1 1 0 0 0 0 0 ... 0 1
S4 0 0 0 0 1 1 0 1 0 1 1 0 1 0 ... 0 1
S5 1 0 0 0 1 1 0 1 1 1 1 0 1 0 ... 0 1
S6 0 0 0 0 1 1 0 1 0 0 0 0 0 0 ... 0 1
S7 0 0 0 1 0 0 1 1 0 0 0 0 0 0 ... 0 0
S8 0 0 0 0 1 1 1 1 0 0 0 0 1 0 ... 0 0
S9 1 1 1 0 1 1 1 1 0 1 0 0 1 0 ... 0 0
S10 0 0 0 0 0 1 1 1 1 1 0 0 1 0 ... 0 1
S11 0 0 0 0 1 0 1 1 0 1 1 0 1 0 ... 0 0
S12 0 0 0 0 0 1 1 1 0 0 0 0 1 0 ... 0 0
S13 0 0 0 0 1 1 1 1 0 0 0 0 1 0 ... 0 1
S14 0 0 0 0 1 1 0 1 0 1 0 0 1 1 ... 0 1
S15 1 0 1 0 1 1 1 1 0 1 0 0 1 0 ... 0 1



F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 ... F52 F53
S16 0 0 0 0 1 0 1 1 0 0 0 0 0 1 ... 0 0
S17 1 0 0 0 1 1 1 1 0 1 0 0 1 0 ... 0 1
S18 1 0 0 0 0 1 0 0 0 1 0 0 1 0 ... 0 0
S19 1 0 0 0 0 1 0 1 0 0 0 0 1 0 ... 0 0
... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
S23 0 0 0 1 0 0 0 1 0 1 0 0 0 1 ... 0 1
S24 0 0 0 0 0 0 0 1 0 0 0 0 0 0 ... 0 1
S25 1 1 1 1 0 1 1 1 1 1 1 0 1 1 ... 0 1
S26 0 0 0 0 0 0 0 1 1 1 1 0 1 0 ... 0 1
S27 1 0 0 0 0 0 1 1 1 1 0 1 0 0 ... 0 0
S28 1 1 0 0 1 0 1 1 1 1 1 0 0 0 ... 0 1
S29 1 1 0 0 1 0 0 1 1 1 0 0 0 0 ... 0 1
S30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ... 1 1

Let us single out the systems ISi and ISk and introduce the following notation:

− P 11
ik = ISi ∩ ISk - intersection power of systems with respect to automated functions;

− P 01
ik = ISk/ISi, P

10
ki = ISi/ISk - the power of difference of the corresponding sets. As a mismatch measure

between systems ISi and ISk we choose value Si k Rik = P 01
ik /P

11
ik + P 10

ik ;
− to assess the extent of absorption by the system ISk of the system ISi- value HikAik = P 11

ik /(P
11
ik + P 10

ik );
− to assess the degree of similarity of systems - a measure of Jaccard similarity: Gik Lik = P 11

ik /(P
11
ik +P 10

ik +
P 01
ik ).

Through the logical absorption matrices the degree of the interconnection and similarity between the compared
systems ISi and ISk is identified. The indicators are calculated:

− the share of the common functions performed simultaneously by ISi and ISk in the total volume of functions
of ISi (matrix H);

− number of the common functions possessed by ISi and ISk (matrix 0);
− the share of common functions in the total volume of functions ISi and IS k (matrix G).

Selecting different threshold values for the elements of the matrices P 10, Sik, Gik, Hik it is possible to design
the absorption matrices P ik0, Sik0, Gi0k, Hik0 respectively.

The elements of the new matrices replace the respective element of the basis matrix for “1”if the element value
is greater than or equal to the threshold one and “0” otherwise.

Elements of the main diagonal (whose column and line number coincide) in any case equal to zero.

The absorption matrix Hik0 and similarity matrix Gi0k help to determine if the analyzed test systems belong
to the “reference” one (Tables 5, 6).

Table 5: Similarity Matrix Gi0k DTS (Fragment)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 ... S30
S1 1 1 0 1 1 0 0 0 1 0 1 0 0 1 1 0 0 ... 0
S2 1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 ... 0
S3 0 1 1 1 1 1 0 0 0 0 0 0 0 0 1 0 1 ... 1
S4 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0 ... 0
S5 1 1 1 1 1 1 0 1 1 0 1 0 1 1 1 0 1 ... 1
S6 0 1 1 1 1 1 1 1 0 0 0 0 1 0 1 1 1 ... 0
S7 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 ... 0
S8 0 0 0 0 1 1 0 1 1 1 1 1 1 1 1 0 1 ... 0
S9 1 0 0 0 1 0 0 1 1 1 1 1 1 0 1 0 1 ... 0
S10 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 ... 0



S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 ... S30
S11 1 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 0 ... 0
S12 0 0 0 1 0 0 0 1 1 1 1 1 1 0 1 0 0 ... 0
S13 0 0 0 1 1 1 0 1 1 1 1 1 1 1 1 0 1 ... 0
S14 1 0 0 1 1 0 0 1 0 1 1 0 1 1 1 0 0 ... 0
S15 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 ... 1
S16 0 1 0 0 0 1 1 0 0 0 1 0 0 0 1 1 1 ... 0
S17 0 0 1 0 1 1 0 1 1 1 0 0 1 0 1 1 1 ... 1
S18 1 1 0 1 1 0 0 0 1 0 1 1 1 1 1 0 0 ... 0
S19 1 1 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 ... 0
S20 1 0 0 1 1 0 0 1 1 1 0 0 1 1 0 0 1 ... 0
S21 1 0 1 1 1 0 0 1 1 1 1 0 1 1 1 0 1 ... 0
S22 0 0 0 1 1 0 0 1 1 1 1 0 1 1 1 0 1 ... 0
S23 1 1 1 1 1 1 0 0 0 0 1 0 0 0 1 0 0 ... 0
S24 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 ... 0
S25 1 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 ... 1
S26 1 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 0 ... 1
S27 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ... 1
S28 1 1 1 1 1 1 0 0 0 0 1 0 1 0 1 0 0 ... 1
S29 1 0 1 1 1 1 0 0 0 0 1 0 0 0 1 0 0 ... 1
S30 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 ... 1

Table 6: Absorption Matrix Hik0DTS (Fragment)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 ... S30
S1 1 0 1 1 1 0 0 0 1 0 0 0 0 0 1 0 0 ... 1
S2 1 1 1 1 1 1 1 0 1 0 0 0 0 0 1 1 1 ... 1
S3 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 ... 1
S4 1 0 1 1 1 1 0 0 0 0 1 0 0 1 1 0 1 ... 1
S5 1 1 1 1 1 1 0 0 1 0 0 0 1 0 1 0 1 ... 1
S6 0 1 1 1 1 1 0 0 0 0 0 0 1 0 1 0 1 ... 1
S7 0 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 0 ... 1
S8 1 0 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 ... 1
S9 1 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 1 ... 1
S10 0 0 1 1 1 0 0 1 0 1 1 1 1 1 1 0 1 ... 1
S11 1 0 0 1 1 0 0 0 0 1 1 0 0 1 1 0 1 ... 1
S12 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 ... 1
S13 1 0 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 ... 1
S14 1 0 1 1 1 1 0 1 1 1 1 0 1 1 1 0 1 ... 1
S15 1 0 1 1 1 0 0 0 1 0 1 0 0 0 1 0 1 ... 1
S16 0 1 1 0 1 1 0 0 1 0 1 0 0 0 1 1 1 ... 1
S17 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 ... 1
S18 1 1 1 1 1 1 0 0 1 0 1 0 1 1 1 0 1 ... 1
S19 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 1 ... 1
S20 1 0 1 1 1 0 0 1 1 1 0 0 1 1 1 0 1 ... 1
S21 1 0 1 1 1 0 0 0 0 0 0 0 1 1 1 0 1 ... 1
S22 1 0 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 ... 1
S23 1 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 ... 1
S24 1 1 1 1 1 1 0 0 0 0 1 0 0 1 1 0 0 ... 1
S25 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ... 1



Table 7: Absorption Matrix Hik0DTS (Fragment)

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 ... S30
S26 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 ... 1
S27 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 ... 1
S28 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 ... 1
S29 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 ... 1
S30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ... 1∑

18 9 26 23 28 13 2 8 13 9 12 5 12 13 25 4 20 30

Similarly the analysis according to functional completeness criterion for the systems WST+ ES was conducted.

4 Results
Close to the “reference” one are the distributive systems: S3 (AST-Test), S4 («MasterTest»), S5 («SInTeZ»),
S15 ( Net), S17 (Quizzz), S25 (FastTEST Professional Testing System), S26 (Test4DL, ), S27 (MSCat Demo),
S28 (Test 2002. Professoinal Edition), S29 ( -) and web-systems: VS6 (WebTutor (module “Testing”), VS11
(eLearning Server 3000 (module “Testing”), VS12 (LAMS (module “Testing”), VS14 (Sakai (module “Testing”),
VS15 (distance education system Prometheus (module ”Test”), VS17 (Learn eXact (module “Testing”), VS18
(Microsoft E-Learning (module “Testing”), VS19 (IBM Lotus LearningSpace (module “Testing”). To illustrate it
two groups of such CST whose graphs are presented at Fig. 6 and 7 were singled out.

Figure 6: Similarity graph for DTS, grouped
Figure 7: Similarity graph for WST + MTES, grouped

5 Discussion
CAT with CAT functions from one group can be compared with each other in the further, comparing such
characteristics as price, producer, reliability, adaptation degree and others, giving the consumers the possibility
to make a reasonable choice.

Threshold values for the elements of matrices and changed in the interval [0.25..0.8]. The optimal value was
chosen option 0.4. Increasing the threshold values to 0.8, the number of the analyzed testing systems close to
the “reference” one reduced dramatically. Only DTS FastTEST Professional Testing System turned out to be
close to the “reference” one, and there was no one web-system to satisfy this criterion

6 Conclusion
There are a number of controlling, educational innovative systems in the educational market at present. It is
rather difficult to select the right one among them.

The comparison of the testing systems according to the functional completeness allows implementing the
following:



− to make a full list of the functions performed by the considered computerized educational testing systems;
− to systemize the information on the composition and functional completeness of the existing computerized

testing systems;
− to quantify the computerized testing system compliance degree with the user’s requirements for functional

completeness;
− at the stage of the preliminary analysis to exclude the computerized testing systems where the necessary

functions are not performed from the further consideration;
− to form a group of the computerized testing systems with the identical functional completeness;
− to expand the optimal choice for the consumer-user at the computerized testing system market providing

the full list of the performed functions by each system, and to show the designer the position of the product
among other existing computerized testing systems

At the same time the result does not speak on the complete analysis of the functional completeness of the
computerized testing systems in education that is why in the future it is necessary to compare their prices and
other features (for example, the applied technical means and the operating system, the user interface quality,
the complexity of working with the system, reliability, etc).
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