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Abstract

Thjspaperprmntsadjstmeetuﬁnsmtemthndlowstuﬂnsohmdmuwim
dynamically created sequences of tests. The sequence of questions given to students
isg;enm-nxedinthepromoftasﬂngbasadonhjsfhumswﬂs_hthemmaqmnt test.
ommpufommmddmhpedsymhmtedbythemtlmnfmemm
mathematical model. :

1 Introduction

msyntemisahnedatauwmaﬁnsthammgpromwndudedforgjadummdpm
graduate students as well as representatives of other educational levels. Being rather flex-
ic it can serve for testing different subjects. It has been developed with

PHP/MySQL/Apache technologies that make it multi-environment [, 2.

lnthehaginningofthetestthemparvisorﬁmﬂydeﬁmsthanumberoftmtaoﬁm-ed
to students. The system is generating an "intellectual” sequence of tests. Analyzing the
answers of a student, the system defines the next test with corresponding complexity. The
ue!ecr.adteathnsammorlemwmplmdtysdapbsdtoknawledgeofthetester. Let's note
that the uniqueness and difference of the system from the similar systems is its intelligence
and adaptability. i :

The system works in the local network as well as via Internet® It is trilingual: Armenian,
Russian, and English, and the choice of language is upon the user.

System has three types of users:

o Administrator

e Supervisor

e Student

The Administrator can add users, create questions, add/remove themes, change the sys-
tem settings and so on. .

The Supervisor can create course(s), questions with answers, add students for testing and
g0 on. Through the monitoring module the supervisor can get information about students
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taking the test at any time. The Supervisor can elso define the days and duration of exam,
* balls for scoring answers.

The Student has only user status. She/he logs in with his/her username and password,
andcanviewtheinfmmationaboutputuamsmwaﬂascumﬂyamihb]emand
COUrses,

With the purposes of effective testing it is necessary to build such sequence of tests that
provide the most complete test of student knowledge with the given subject.

Let's define the mathematical model of the problem of building the sequence of tests.

2 The task of testing

Let's consider the following task of testing student knowledge in a certain subject. The
educational materials consist of educational units, and for testing these units such kind of
tests with different complexity are offered.

Thetaskoftesﬁngiai.ndrawinguptstsﬁthsuchseqmoethstmeetthefoﬂowing
requirements:

1. tests for various educational units are different;

2. the sequence of tests should cover the whole teaching material: if the student has
answered the questions included in constructed sequence of tests to an "acceptable
degree”, she/he will answer tests not belonging to this sequence as well.

Let’s assume that D = {dy,d,...,d,} is a set of some educational material, where d, -
corresponds to i-th educational unit ( we will call d; as a educational unit). For d; different
(one or more) tests are developed, based on answers to which the degree of mastering of
educational unit is estimated.

For different educational units the tests vary in pairs. Thus, for each educational unit d;
a set of tests T(d;) is given, where [T'(d;)| > 1, T(d)NT(d;) =0, i#3j.

T presents the set J., T'(d;), which we will call base of tests,

N presents the power of the set T. Notice, that N > n.

Theset.ofmThchnrmirad'byammixofmmacﬁonome={ku}, i,j=
1,...,N, where kjj, 0 < ki; < 1 shows the volume of knowledge checked by the test i,
which is included in the test t;. From here follows, that for matrix K the following conditions
are satisfied:

1)0 < ky <1, 2)£h,=1. 30<ks<1.
=

Let's assume that number ky is the complexity of the test ; and designate it as c(t;).

ForchockingknowledgeofeachtesttETdiEerentsvnrisntaofmwmmdeﬁned,
which are characterized by numbers a;(t), ay(t),...,a,(t), s > 1, where ai(t) shows the
degree of knowledge of the test ¢ in percentage. There is a unique i, 1 <1i < s, for which
ai(t) = 100,

The answer to the test ¢ is estimated by expression z(t) = (e(t) * a(t))/100, where
complexity ¢(f) of the test ¢ and selection of the a;(t) answer to the test ¢ is taken into
account. If a;(t) = 100 is selected, then (t) = c(t), hence, the maximal estimation on the
Lest ¢ is defining as Tmaz(f) = c(t). The task of testing is in finding tests in such sequence
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of tests H = (tis iy -+ 1 ta)r that answers o(ti ), Z(ti); - -1 2(t) allow to more adequately

mhnatetheknwledsﬂofastudeﬂt.‘ e
i f tests is characterizing wi ) aelt).
m?fﬁx:gﬁv:n:;ﬁmuakm_ataakofﬁndinsofthemngwmm
nantaintheg;mth.oormspondinstomoImT[S],[s]. ;
T hG’(TE}iSbuiltn.afo]lm.Thevartm(setofthasraphclsasebofteat]‘.m
tfmp ~\5 is the ordered pair (tt;) , for which K > 0. In the graph G the vertexes
e aasignedweights:vmhhuwmghtc(h).mdm(t‘,t,)hagwthj_m
xgtn::::iemblsﬁomtoph.ifﬁomhtot,thmisaorlentled‘path .
F;rgraththemahﬂXOfachimmmtBtOR={ru}r "J_=1s---uNlSdeﬁnedgg
to]lm:rg=1.iftopt,isachimble&omtheva:tmcti,e]ser“_o_ A
II;isclaarthatinthematﬂxﬂaudiagonalelemanhareequnlhoone, ecause each vertex

i jevable from it's own. -
is a?:;;ndefems the set R(ti), which consists of such vertex t; for graph G, .fgr which ry=1
R(t) = {6}V E(®) UEA(t;)U. .. E?(t:), where EP(t;) is a vertex set which are achievable

ath with length p. x
ﬁﬁ%h:h{:r]fh T,;li—- 1,...,N-isa matrix of counter accessibility, where g;; = 1, if the
vertex £, 1s achiovable from the vertex t;, else gi; = 0 [6]. = _

From the definitions above, it follows, that Q = R, where R is the result of transposing
2 aTn;:m component of the connectivity of gm_ph G is called maximal (on inclusion)
subgraph of graph G, where vertex are mutually achievable.

T is obvious, that strongly connected components break ell vertex set of the graph G
into mutually not crossed subsets Ty, Ts, ... Ty, which cover all set oft.esta_ui'_iﬂ =T,

Thsstmnglyoonnectedmmponentsoftheyathcanbadeﬁnedwlﬂ:thematﬁxR

6. =
andet'[B ldmim R® Q s a result of the multiplying the matrixes R and Q element by
element.

Notice, that i-th row of matrix R®(Q contains units in that j column, from which ¢; and
t; are mutually achievable; the rest elements i-th row are equal to 0.

*" Thus, the two vertices of the graph are in one strongly connected component, if lines
corresponding to'them in a matrix R ® Q areequal. The matrix R ® Q through emergence
of rows and columns is brought to block-diagonal form.

Each block consists of units; and corresponding lines or colymns of matrix R ® Q define
strongly connected component of graph G. Thus, graph G is broken to strongly connected
components. All strongly connected components are covering the set of tests T of the
educational material D. It is offered to include tests from strongly connected components
into the sequence of tests H, H C T, and & test with a given complexity is chosen from
each connected component.

During the testing, tests constructed from sequence H are offered to a student. The first
test is randomly selected from H. Let’s assume, that the selected test corresponds to i-th
- component.

Every other test is defined on the basis of the answers to the previous test. If the answer
of the student z(t) < 4, then the next test will be selected from the same component, that
has smaller complexity. If z(t) > 4, then (i + 1)-the test from H is given. In case of
impossibility of a choice of the next test from H, a test with greater complexity is selected
from the same component. The process of definition of tests and testing of the student comes
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to the end when quantity of the given tests are equal to the aumber beforehand determined
by the teacher as parameter of the system.

Construction of sequence of tests taken from strongly connected component makes pos-
sible inclusion into itself tests of the various complexities covering all teaching material D
and being most essential.

I express the gratitude to V.G. Sahakyan for valuable advice and remarks in writing this
paper.
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NwwlnnGbph wbunuynpiwl hGnbjbiunm hudulupg
U. <@L Pwplumpupyui

. Udithngums

Unwgwnljpynn hnnjuwénud Gywpwopdud E hwiwlwng, npp hGwpunjnpmpimG & mwihu
Yyuqiwybpuly hbnwhwp wbunuyopmd phGwshy wntndynn hupgwywnpbph dhengny:
fwwlnnhG wpnn hwpghph hwenpulmnpmbn qhGhpwgynd E mbumnwynpii
pipwgpnd  wwunwufuwlh hpfwG dpuw:  Uywipwd  hwiwlwpgh qnpém GbnipjwG
wpryntGwytinmpyniip wnngynud £ hwdwuwnwuuwi supbiwnhlwln unnbih unbno-
twndip: F



