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ADAPTIVE COMPUTER TESTING BASED ON THE GRADIENT METHODS

The article deals with the gradient methods in adaptive computer testing for assessing the level of knowledge in the
course of distant learning. It describes the possibility of increasing the accuracy of evaluation by determining the level of
complexity of test questions in accordance with the current determined level of knowledge as well as ensuring the moti-
vation of the test takers. The methodological approach to adaptive computer testing is described and the corresponding
algorithm is suggested. The results of evaluation of the expected increase of testing efficiency by using adaptive computer
testing on the example of development of a training course for the system of distant learning are analyzed.
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Problem statement

Integration of Ukraine into the European community actualises the issue of improving the quality of
specialists’ training, identifies the search for the new forms and methods for organizing the educational
process, application of the advanced teaching technologies, and the creation of means for effective evalua-
tion of the level of knowledge acquired during the training courses by using a computer testing. To solve this
problem by using traditional approaches[1]it is necessary to increase the time for testing and use a large set
of test questions of varying degrees of complexity. On the other hand, the need to increase the time for direct
study of educational material and prevention of users’ motivation decrease when they answer too simple or
too complex test questions requires different approaches.

The solution to the above contradiction seeks for the use of new approaches to computer testing. In par-
ticular, the use of adaptive testing, especially as a kind of testing in which the order of questions and their
complexity depend on the answers of the test taker (further tested) on the previous questions, looks promis-

ing [2].

Analysis of the recent research and publications

The basic theoretical positions of adaptive testing are discussed in Adaptive Tests: General Provisions[2].
The definition of adaptive testing is given, a comparison of traditional and adaptive tests is conducted, and
general approaches to adaptive testing are presented. Later in Using Adaptive Tests in Intelligent Control
Systems Knowledge [3], based on the known single- and multiparametric models, approaches to streamline
test questions in terms of complexity and proposed adaptive testing algorithms for use in distant learning
are discussed. From the results of the analysis of these publications, it follows to the conclusion about the
possibility of increasing the adaptability of testing with the accuracy of the assessment, as well as ensuring
the motivation of the test takers tested by setting the level of complexity of test questions in accordance
with the current level of knowledge.

At the same time, existing publications do not address the issue of the choice of the complexity level of
each subsequent question during adaptive testing, according to the previous responses of the test takers.
The need for solving these issues is acutely encountered during the practical implementation of adaptive
testing in distant learning courses.

Purpose of the article
Given the iterative character of the testing process and the discreteness of the evaluation, for the solution
of the above questions, it seems appropriate to use the gradient approach [4], which essence is to determine
the next approximation to a minimum of some functional dependence f from the previous in the direction
opposite to its gradient V.
Taking into account the above, the purpose of the article is to highlight the gradient approach for adap-
tive computer testing in assessing knowledge in distant learning.

Presentation of the main research material
Let the set of test questions be defined (we will assume that all questions meet the requirements of valid-
ity and reliability [1]). Based on predefined levels of complexity of questions (for example, according to [3]),
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we introduce the equivalence relation H on @, which ensures the classification of test questions according
to their complexity: H: Qﬂ R / H where @/H is the corresponding ordered quotlent set wh whose elements are
classes of equivalence (complexity issues) of the relation H, which we denote by 4,

On the basis of the ordering of the set H, we define the corresponding metric
u(h hk)— by, =|{h} h=<h; ||{h} h < hk| Let 7,(@)={qe Q: H(q)=h,}. We introduce additional parameters of
difficulty levels h;: the number of correct answers to fulfll the passing condition of i-th level 4/, the num-
ber of incorrect answers to fulfil the level «failure >> h (the corresponding current numbers of correct and
incorrect answers at the level w111 be marked as ¢; ¢; ).

as the answer to the current n-th test question, and the set of answers to

the first n questions {an}: {ak}: ke 1, n. Suppose the presence of someone who tests a certain level of know-
ledge h,, h,c H.

Then the task of choosing the next test question can be formulated as minimizing the differences in the
complexity of each subsequent issue and the level of knowledge of the tested, based on its previous answers:

i1 € 1(Q): gm}l(u(hu, hy)). 1)
an

The peculiarity of solving the problem (1) lies in the uncertainty of the value %, by the time the test is
completed.

To solve the problem (1) we will give a test in the form of a certain functional dependence ¢, which deter-
mines the level of knowledge of the person who is tested (based on the set of answers A):

h, =t(A). (2)
The analysis of the possible dependence properties (2) in accordance with the classical and adaptive

approach to testing allows us to draw the following conclusions:
e for classical testing, the following dependencies are executed:

|A|=|Q|22(h{+th—1) hy =maxh;: qr 2k |3, ¢ 2h) ke l,i,
i
i. e. the test is conducted on the whole set of questions, and the level of knowledge is determined according
to the highest (m_axhi) passed (q{ >h/ ) level of difficulty h,, provided that there is no precedent for the level
L

failure (th: q,ZV < hZV, ke E),
® the presence of non-structural inequalities in the criteria of passing/failure of the level indi-
cates the possibility of reducing the number of questions asked during the computer testing to the limit

> (7 + ¥ 1))
i

as termination of testing in the case qu = th (this approach will be called elementary adapted testing);
® the greatest interest in terms of solving the problem (1) acquires the testing process in the pre-criterion

|A|S through the passage of other issues level to achieve the condition, ¢; =h/ as well

interval (q[ <h,q) <n” ), which will be considered below.

The essence of the proposed approach is to initiate an early transition to the next/previous level of ques-
tions based on the assessment of current responses in terms of providing the required «rate» of passage/
failure of the level.

For this purpose, we will submit the testing process at one difficulty level in the form of a graphical map-
ping on the decimal line [-1; +1] (fig. 1):

A A, A
Fig. 1. Graphical representation of the testing process at the i-th level of difficulty

In fig. 1 point O corresponds to the initial value #(4), +1 and —1 the passage and failure of the level re-
spectively In this case, the intervals [-1; 0] and [0; +1] are divided by the intervals of the corresponding

- Also, the selected interval of the let-down A, {0 h%” ,0 +hir:|, as well as the corresponding

i i

length —=7
eng lI/V hr
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intervals A}, A} will determine the conditions of abandonment at the current level or transition to another
level during the adaptive testing. The specified intervals can be the basis for the solution of the problem (1):
h’i+1 « t(A)E Aer ’
na € (hy —t(A)e s, (3)
b, —t(A)eA; .
At the same time, in the expression (3) the «interval» approach to solving the problem (1) does not take
into account the ratio of the acceptable number of correct and incorrect answers, and therefore needs to be

improved.
In order to improve the approach (3), the application of gradient methods is proposed. Note that after

each correct answer there is a change in the value of the expression #(4) in o at positive direction, after

the wrong one, in at negative direction (see fig. 1), which makes ii; possible to determine the

v
functional dependencé t(A) in the following way:

hi 4 equ =hiW’

r w
)=+ 2= S (gl < Jola <7 @)
i i
hi+1<_qir=hir‘

According to expression (4), it is possible to determine the direction and magnitude of the increase for
functional dependence t(A). This allows entering ¢(A) for determination the gradient:
Ag]  Aq”
o h”

Vt(A):A|—A|lf’ (5)

where j is the unit vector of the transition to the next level with the beginning at point 0 and the vertex at
the point +1 in accordance with fig. 1.

According to Expression (5) it is possible to determine the direction of the testing process (evaluation)
from the point of view of determining the level of knowledge of the test based on the difference in the ratio of
correct and incorrect answers. The positive direction of the gradient indicates the growth of a certain level
of knowledge, the negative — to decrease. This makes it possible to change the current level of knowledge
until the boundary conditions are reached (4). To do this, define the gradient V;"" as the minimum required
direction of growth #(A) for successful passing of some i-th level:

"
W .
min _ hy j= ! .
LR R -1 W pY 1)
By analogy with the approach (3), we define the boundary values of the gradient, which will determine the

conditions for the transition to another level, by changing the expression (6) by adding one correct/incorrect
to the set of answers:

(6)

B +1 K" -1

N nY 1,
V.: ]: ],
! h o+ BB
1 1A 1A 1
(7
" n"
[
Vi=—bt L j=0.
R +n)"

The above expressions (4)—(7) provide the possibility of applying tested gradient methods to solve the
problem (1):
hiy < VHA)>V],
Qui1 €1 h; Vi <VEHA)<V], (8)
b4 < Vt(A)<V;.
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The proposed approach (4)—(8) allows you to choose the next question, taking into account the previous
answers of the person who is tested, that is, provides a solution to the problem (1).

For software implementation of adaptive testing, LMS Moodle and Adobe Captivate software were used
as the main software tools used in the distant learning system (fig. 2).

This figure shows the auxiliary (hidden) slide that displays the results of the test as a whole (variable
scores — $$ MainScore $$ and achieved level — $3$ Rate $$), as well as by levels (status of i-th level [failed,
passed, missed according to the adaptive algorithm] — $$ LiStatus8 $$, the number of correct answers —
$3$ LiPoint $$, and the number of incorrect — $$ LiMist $$).

sl _pressl wdien sesslcpe w |

Resulls service slide

Pace = S3pace3s
Seore = 355000653
Main_Score = 35ManSeore3s

Rate = 55Levei3s Poinis Mislakes.
Statusl] = SCE 1 C'?II‘J:SSS L1 = $SL1Mestss
StatusL? = L2 - §3LIMst3S

Statusl3 = SS..;‘,S al“as
StatusLd = 551 458atusis
Hatusls = 3‘2.55 tabus3s

L% - $3LaMist3s
La - ESLAMistES
LS - $5L5Ms13S
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T Capt oo (1H48| | Frotr Y ae I!'J-HC
Fig. 2. Creating software for adaptive testing in an integrated development environment Adobe Captivate

Similar auxiliary slides are created for each of the five predicted levels (the number of levels selected ac-
cording to the testing requirements for STANAG6001[1, 1+, 2, 2+, 3]). The display of auxiliary slides while
debugging the program allows you to track the performance of an adaptive algorithm and pre-evaluate its
effectiveness.

For the purpose of comparative analysis of the proposed approach in comparison with the classical, ele-
mentary adaptive and «interval» approaches, statistical simulation was carried out using the Monte Carlo
method.

For statistical simulation a test with the following characteristics are selected |H| = 5, Vh;: |hi (Q)| =10.
The statistical degree of preparation of the «tested» according to the existing criteria for evaluation of the
tests was determined by the probability pi of the correct answer to the question of the 1st level received:
0,9 — with the degree of preparation that exceeds; 0,7 — satisfies; 0,5 — partially satisfying; 0,25 — does
not meet the criteria of the current level (the possibility of «guessing» the correct answer taking into ac-
count the availability of four options for response) is taken into account. Accordingly, it is possible to enter
the probabilistic profile of the test P = {p,}. In particular, for the simulation, P = {0,9; 0,8; 0,7; 0,5; 0,25}
was taken with the expected successful achievement of the third level by the results of testing.

Subsequently, 10,000 implementations of the testing process using the MatCad software environment
were conducted. During each implementation, using the random number sensor, the results of the answers
to the test questions were determined and the test results were determined for each of the above approaches.

The main results of statistical simulation are given in the table.

Results of statistical simulation

Approach name Number of questions in the test Av:zadg:t::ﬁh?t(}i(:-Z;Slﬁons Correlation coefficient of test results
Classic 50 50 1
Elementary Adaptive 50 42 1
Interval adaptive 50 33 0,99
Gradient Adaptive 50 25 0,98
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According to the results obtained, the proposed approach yields a significant time gain (by reducing the
required number of questions for the outcome) compared to the classical (50% ) and elementary adaptive
(30% ) approaches, while maintaining the accuracy of the assessment within 3Compared with the interval
approach, the time reduction is set at 8% , which, for the selected confidence value of 0,95, allows us to con-
clude on the increase in the time value of the effectiveness of the evaluation algorithm using the gradient
approach. The efficiency growth rate of the algorithm proposed in expressions (2)—(8) will increase with the
increase in the number of assessed levels and test questions.

Conclusions and perspectives of further research

Thus, the preliminary assessment of the results of the use of the gradient approach to adaptive testing
during the assessment of the quality of training in distant learning courses allows us to conclude that achie-
ving a reduced test time with adherence to the adequacy of the assessment.

This will ensure the efficient use of educational resources on distant learning or increase the effectiveness
of assessment by increasing the test. Further researches should be conducted in the direction of elaboration
of an integrated evaluation algorithm in the presence of a plurality of the estimated parameters with their
joint consideration in each of the test questions.
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PereHseHT: 1OKTOp TexH. HaYK, mpodecop K. C. Koseakosa, [lep:kaBHuil yHiBepcUTeT TeJIEeKOMYHIiKaIlii,
Kuis.

K. I1. Cropyak, B. P. Mukonaiidyx
AJANTUBHE KOMM’HOTEPHE TECTYBAHHA HA OCHOBI TPAJLIEHTHUX METOJIB

Y cTatTi omvcaHo rpamieHTHi MeTogu amanTyVBHOrO KOMIT'KOTEPHOr0 TECTYBaHHS Mif] Yac OUIHIOBAHHS 3HaHb Yy X0mi [VCTaHUIMHOro
HaBYaHHs. BU3Ha4YeHO MOXIMBICTb MiOBULLEHHS TOYHOCTI OLIHIOBAHHS Ta 386E3MEYEHHS 36EPEXEHHS MOTUBALIT TX, XTO TECTYETLCS, 3a
PaxXyHOK BCTAHOBIIEHHS PIBHS CKIA[HOCTI TECTOBMX MUTAHb BIAMOBIAHO [0 NOTOYHOrO PiBHS 3HaHb. 3aMpOnoHOBaHO METOLOMOMYHIA Nif-
Xio [0 a[anTVIBHOr0 KOMITIOTEPHOr0 TECTYBAHHS Ta BifnoBigHWA anroputiM. HaBeneHo pesynbtati OLiHIOBAHHS 0YiKyBAHOM0 MifBULLEHHS
e¢heKTVBHOCTI TECTYBAHHS 3@ PaXyHOK BUKOPUCTAHHS afanTVBHOro KOMM KOTEPHOr0 TECTYBAHHS Ha NPYKNaLl pO3paGKy HaBYabHOO Kypcy
[U15 CUCTEMY [NCTAHLIHOTO HaBYaHH.

KniouoBi cnoBa: agantviBHe KOMN'IOTEPHE TECTYBAHHS; AVCTAHLIHE HABYaHHS!; OLHIOBaHHS PIBHS 3aCBOEHNX 3HaHb; rpamieHTHi MeTo-
[1; eHEKTUBHICTb AnNropUTMY TECTYBaHHS.

K. I1. Cropyak, B. P. Mukonaiidyx
AJANTUBHOE KOMMNbIOTEPHOE TECTUPOBAHWE HA OCHOBE NPAAVEHTHbLIX METO/I0B

B cTaTbe onucaHbl rpagneHTHbIe METOAb! afanT1BHOTO KOMMLIOTEPHOMO TECTVPOBAHUS NPY OLEHKE 3HaHW B XOfie ANCTaHUMOHHOrO 06y-
yeHus. OnpeaeneHa BO3MOXHOCTb NOBBILIEHIS TOHHOCTYU OLEHKW 11 0BECNEYEHNS COXPAHEHUS MOTMBALIAW TeX, KTO TECTUPYETCS, 3@ CYeT
YCTAHOBKI YPOBHS CIOXHOCTM TECTOBbIX BONPOCOB B COOTBETCTBUW C TEKYLUYM YPOBHEM 3HaHWIA. peanoxeH MeToA0N0rMyeckuid Noaxon
K aaanT/BHOMY KOMMbIOTEPHOMY TECTVPOBAHWIO 11 COOTBETCTBYHOLLMIA anropuTM. [prBeaeHbl pe3ynbTaThl OLEHKI 0XIAGEMOTO MOBbILIEHNS
3(h(heKTUBHOCTI TECTVPOBAHIIS 33 CHET MCMOMb30BaHMS afanTUBHOMO KOMMbIOTEPHOMO TECTMPOBAHUS Ha NPUMEpPE pa3paboTky y4eGHOro
Kypca Ansg CUCTEMbI AUCTAHUMOHHOMO 06Y4eHus.

Knioueebie cnoBa: gucTaHUMOHHOE 0BY4EHIE; OLEHMBAHIE YPOBHS YCBOEHHbIX 3HaHMIA; aAaNTMBHOE KOMMbIOTEPHOE TECTVPOBAHME;
rpaaMeHTHbIE METOfbI; 3(EKTUBHOCTL anropuTMa TECTUPOBAHNS. N~
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