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B cmammi poszensoaromecs eracmusocmi  (YyHKYiOHANI6 G0 MPUHOMIANLHO2O PO3NOOLLY, SKI
3’ A6nAI0MbCA 8 3a0auax cCMamucmuyHomy Kopezysanusa pesynvmamis |DK-mecmie ma oyinrosanusa saxocmi
3HaHb. {1 00H020 3 MAKUX (PYHKYIOHANIE 3aNPONOHOBAHI 8aAPIAHMU BUSHAYEHHS 020 Y <HYIbOSI» mouyi
Ma NOKA3aHO, AK OOUH CHOCIO GU3HAYEHHS MOodce OYMuU KOPUCHUM Npu O00YUCIeHi MAmemMamuinozo
CNOOIBAHHS MAKO20 (DYHKYIOHANY, A [HWUL CROCIO GUSHAUEHHS 6 KHYAbOGIl MOHYI» € KOPUCHUM Npu
00uUCHeHHT peanizayitl Yb02o (DYHKYIOHALY 6 PAMKAX 3a0a4i OYIHIOBAHHS AKOCMI 3HAHb. 3anponoHO8aHuUll
NOKA3HUK AKOCMI 3HAHb OYIHIOE 8NEGHEHICMb CIYOeHmMA Y NPAGUIbHOCTIE 8ION0GIOel npu MeCmy8aHHi i Yyum
CYMmMEBO GIOPIZHAEMbCSL 8I0 YCIX ICHYIOUUX MemO00i8 OYiHIOBAHHS, KL OYIHIOIOMb a00 KLTbKICMb 3HAHb, AD0
CMOCYIOmMbCs Weuoue OYIHIOBAHHA 6MiHb YU HABUYOK, ale He AKocmi Habymux 3Hanb. llokazano, sk
MemoOUKa OYIHIOBAHHS SIKOCMI 3HAHb NO8' A3aHA 3 NOJIMUKOI0 000POUECHOCHI 8 OCBIMHbOMY CePeOOBUUY.
Memoou oyinio8anus MoNCYyms K CHOHYKAMU cmyoenma 00 6i02a0y8aHHs NPASULLHUX 8i0nosioell, max i
ympumysamu 8i0 NOpyuleHHs. 0CHO8 aKAdeMiuHoi 00OpoUecHOCH.

Kmouosi cnosa:. ¢ynxyionan 6i0 mpuHoMianbHo20 po3nooiLy, OYIHIOBAHHS MeCmie, CMAmucmuyHe
KOpe2y8aHHs1, NOKASHUKU AKOCHI 3HAHb, NOLIMUKA 000pOYecHOCMi.

The article considers the properties of functionals from the trinomial distribution that appear in the tasks
of statistical correction of the results of IDK-tests and knowledge quality estimation. For one of these
functionals, variants of its definition at the "zero" point are proposed, and it is shown how one method of
definition can be useful in calculating the mathematical expectation of such a functional, and another
method of definition is useful in calculating the realizations of the functional within the task of knowledge
guality estimationThe proposed indicator of the quality of knowledge assesses the student's confidence in
the correctness of the answers during testing, and thus differs significantly from all existing assessment
methods, which assess either the amount of knowledge, or rather relate to the assessment of abilities or
skills, but not the quality of acquired knowledge. It is shown how the method of assessing the quality of
knowledge is related to the policy of academic integrity in the educational environment. Assessment methods
can both encourage the student to guess the correct answers and prevent them from violating the basics of
academic integrity.

Keywords — functional of the trinomial distribution, tests assessment, statistical correction, knowledge
guality estimation, the policy academic integrity.
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1 Introduction random vaiable

I Number of given incorrect answers in a test;
Some ideas of statistical correction of test rasult arandomvariable

have been introduced in article [1]. Two types of D  Number of given IDK-answers in a test; a
tests were considered. First, a classic test wihere random variabl
are several answer options for each question. Thea  The share of the material studied by the
idea of correcting the results of such testing teas student (testee)y < [0;1]. In other words, it
estimate the numper _of correctly gue_ssed answers. is the probability that the student knows the
Secondly, a modification of the classic test, where answer to a particular questi

the "I don't know" option is added to the answer
options, which the student must choose if he doés n
know the correct answer. We call such tests IDK-
tests. The purpose of using IDK-tests is directly
related to the implementation of ideas of academic
integrity to our life. Using such tests, on the one N .
hand, enables the student to honestly choose IDK- Now, it is important to distinguish the random

option, and on the other hand, enables the teaohervariables of this model from ordinary coefficients,
statisti’cally evaluate not o;lly the amount oféithough often realizations of random variables or

iunctions of them can be coefficients. At the same

An indicator of student honestyj € [0;1].

This is the probability that the student, not
knowing the correct answer, will try to guess
the answer, igning the IDK optior.

ime, the coefficients under other conditions can b
andom values.
It is easy to see that random variablésl, D

knowledge acquired by the student, but also it
strength. It is clear that quantity has a stron
correlation with quality, but this is far from alya
the case.

Let us emphasize that when we talk about théave got binomial distributions with corresponding
strength of knowledge, we do not mean its quantityparameters
but rather its quality, that is, the degree of atsrice

of the student in his knowledge. Instead, in most C ~ Bin(N, Pc), P, = 04+M,
sources (e.g. [2]-[4]), when it comes to assesHieg "
quality of knowledge, what is really meant is eithe D ~ Bin(N, pp), p,=1-a)(1-p5),
the quantity of knowledge or the skills and alshti

that are based on that knowledge. We will consider T~ Bm(N, Pz)' p, = M,
the quality of knowledge rather as its strengthaas n
measure of the student's confidence in the part of p,+p,+p,=1,
knowledge he can rely on. Method of assessing the C+I+D=N,

quality of knowledge is related to the policy of _ ,
academic integrity in the educational environmen@nd the random vectc(tC,I,D) has a multinomial,

([5], [6]). Whatever these methods are, they musinore precisely, a trinomial distribution. In arédt],
have more than just a control function. but alsg quite logical coefficient
encourage th_e student to observe the basic praxipl Cn — (N — D) . N—D CeN_D
of academic integrity. (n—1)(N-D)’ < - <U= ;
2 Notations and definitions was proposed for assessing the quality of knowledge
but seven years of its application in practice atee
Suppose the test consists dil questions with Some shortcomings. In particular, the expectation
n>1 variants of answer each while student g&ve E|K| of this coefficient for some values of
correct answers)| incorrect ones has choseh a € [0;1] was not a monotonic function ifi € [0;1]
times the IDK-option ¢ +1+ D = N). Each
guestion has gon+1 options of answerr( real
variants and the IDK one).
Within such a model, we have the following
notations.
N Number o' quesions inatest
n Number of options (variants) of answer per
question,n > 1, apart from IDK-option.
C Numbe of given correct answers in at; a

as shown in the following figure 1.
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(v-p) =
_ L=pp|_ _Pe _
N-D 1-p,
an + (1 — )

n (a + /(11— a))

The tilde-sign over the mathematical expectation
symbol here means that when calculating, we define
the value of the fraction a¥ = D by the valuez .

If these calculations do not explicitly show exactl
/ where and how we extended the value of the fraction
Fig. 1 then we can get the same result in a longer way by

explicitly calculating the mathematical expectation
This meant that at a low level of knowledge, it was

more profitable for the student to try to guess the 3Main resultsand their proofs
correct answers, rather than honestly choose IDK
option. And this is not just a mathematical problem| emma The sum

in fact, the previously proposed model inclines N N-c NI
students to dishonest behavior, which is not dmgtire ZZ T y X
good. To solve this problem, note that most of the =t im0 (N = d) (e —DldI(N _Icv_d)'
mentioned coefficient variations will be linear >yl (1_y_t)N’”’d _11__2
functions of the fraction ¢ = ¢ . But the doesn't depend upory for all NN, y,¢t>0,
N-D I+C ti<l
Yy .

fraction itself is not defined whenD = N. An
attempt to define this fraction by zero on the dadi Proof. Not complicated but rather lengthy
logical considerations led to the mentioned problengalculations show that the derivative with resptect
of a moral and ethical nature. Oddly enough, now wey Will be equal to 0. Consider a more elegant proof.

Since
will try to extend this fraction byr = —<—. This N N-c N1 N-d
1=p, E fa = foa
extended definition has a rather specific character e=1 d=0 d=0 c=1
then
P, an + 61— «) N N

because the expressich——— = NI
=py  nfatpi-a) ZZ(N—d)(c—l)!d!(N—c—d)!X
depends on unknown variables and @, but o1

formally these variables are simply parametersuof o
model and we have the right to take such a stefp. Wi {=3= N!

the logic suffer? The answer is negative. If ashid (N =d)(c—1)!d!(N —c—d)! %
essentially says that he knows nothing, then rat is N—c—d

least honest, and at the maximum he also undesstand? )
that he does not know the material. Does this

improve our model? The answer is positive. Indeed,_ N!(l y — t)

)N*(i*d

1—y—t

L
~
& .
—
—_ =
|
<
|
~

the conditional distribution dzo (N —d)d!

C, ~ Bin|N - D, v

1— P, N-d 1—y—
X
therefore, according to the conditional expectation “= (¢c—1)!/(N —c—d)!
property,
[ ¢ . ¢ Let us temporarily denote = LA only for
N-D N-D the inner sum and continue the transformations
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Nileltd(l—y—t)id p _1_%% N! popt et =
NI l—y—t _— D PA _ C¥DEI o
( Yy ) ; (N —d)d! o N—dcld!(N - d)!
N—d Sc—l _ pc
X = .
;(c—l)!(N—c—d)! 1=p,
_d N N—c N'
vt (1—y—t ‘ X
:N!(l—y—t)\uz ( > ;ZO(N d)(c—1!dY (N —c—d)!
= (N —d)d{(N —a)! w ( )N—r i 1=p"
- Xp, pp\l—p,—p = D
(1 1) e O
ds It follows from Lemma that the left-hand side oisth
Nil1 A N1 ¢! (1— Y —t) equality does not depend gn, and is equal to the
- ( YT ) 1N —d)! right-hand side of this equality. The theorem is
N—d-1 proved.
o=t B
l—y—t a Corollary If the wvalue of the fraction
N-1 d . c C . . .
_N!(l—t>N 1 t (1—t) _ = N_D0-TI20 is considered only at its
= d\ (N —d)! . . . .
domain, that is, only when the denominator is not
(1 t)Nfl [[ 1 ]N [ ¢ ]N 1— 4V equal to zero, then its mathematical expectation
= —_ — —_ — = — y N'
1—1¢ 1—1¢ 1—1¢ — :ZZ PRPTE _d)'x
which was required to be shown. =1 d=0 :
p(’pde(’d:E C —.Z'pN:
Theorem Under the introduced notation, the "' N-D b
following equality holds
Pe N Pe (1 pg)
= C |  p.  an+pl-a) ! Tp, = . =
- : -p -p
N - D 1 — . D D
p, n(a‘Fﬁ(l Oé)) _ Ozn—l—ﬁ(l Oé) { —((1—04)(1—5))N]
Pr oof n(a +ﬁ(1—a)>
| C | ZN:NX: NC ,d=N and for sufficiently large N on condition
N-D| S& T - d=N o’ + 3% = 0 it is easy to see that
C - C
N' ¢ d N—c—d [ } ~ E l
AN —c—ayFePolr = N-=p =P
¥y 10, d= N N! 4 N C C
= pyp,  + Note that the fractionF’ = = has
;{x dZN}d!(N ) N-D 1I+C
N Nee o NI e got rather good properties as a function of
+; 2N 4 c!d!(N—c—d)!pépr[ = C=0,N-D, for a fixed D it monotonically
N Nee | grows from 0 to 1. And, as a function of two
=ap) +3 > Ak Py = . C
=i N—dcld!(N—c—d)! variables F(I,C0)=——, 1,C >0,
N ¢, —C¢ N—¢ d_—d I + C
— :Epg +N!pfvz PePy Z PpP, - 0<I+C<N it also has the “suitable”
= (=D (N —d)d! (N —c—d)! monotonicity (see fig. 2), and also takes valuemfr
Let us prove that the following equality holds. Ouptol.
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meaning, it is enough to understand what
exactly this value means according to our
agreement.

* If k£ should take a numerical value and will be
used in the construction of further assessments,
for example, when combining with an
assessment of the amount of knowledge, then
we will “take a step towards the student” and
choosef =0, a =¢ >0, thenF(0,0) = 1.

The graph of functior&[k] is shown in Figure 3.

1 . .
A gap of — does not interest us at all, although it
n

= - I
gl N™~a brings in a certain imbalance.
Fig. 2 1 E[k]

C
I+C
not just undefined at the poirfC, 1) = (0,0), but
also cannot be determined by monotonicity, because

Let us remind once again tha@t(7,C) = is

does not exist. On the other

the limit lim
Cc—0
I—0

hand, if the rate of convergence to zero is chdsen
proportion to the corresponding probabilities

C=tp,, and I=tp, t—0, then

t- Fig. 3
lim = lim Pe _ P P g

=11 = = .
C—0 —0 f. . _
el tpe ity potp 1-p, This nuance can be reconciled, taking into
We will not justify the appropriateness of choosingaccount more important aspects.
such speeds because, from a practical point of,view First, for each fixed « € [0;1], the function

we only need to learn to choose the valug’(, 0) . f(a, 8) = E[k(a,8)] monotonically ~decreases
In contrast to the way it was done in the theorem, along #. This means that guessing becomes
P, an+B1-a) simply not profitable

cannot choosé&'(0,0) = =
0.0 1—p, n<a+ﬂ(1—a)) * Second, the closerr gets to zero, the more

sharply the function decreases alomg This
means that with a low level of knowledge, it is
A absolutely not profitable to try to guess the
valuesa =0 and § = 0 also does not improve the  answers The closera gets to 1, the smaller the
situation. However, we suggest the following dependence o becomes, i.ewith a high level
approach. of knowledge, it makes no sense to guess the
* If we consider theindicator of knowledge answergsee fig. 4).

at least because the parameters 3 are unknown
in advance. The fact that we can estimate 3 by

as the

C
strength (IKS) k= F(I,C) =
gth (IKS) (Z,0) w0
final result of research, then in the case of
<C,I> = (0,0) we can assign it a hon-numerical

value "no knowledge detected”, or put it equal
to 0, it will no longer have a fundamental
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| £ B) The described methods and obtained results can

T — — — s be generalized in the future within the framewofk o

setting new tasks for evaluating tests. The firsl a

main such task is the construction of a functional
£(0.6,3) from quantitative and qualitative indicators of
knowledge. Such an integral indicator can be built,

©E(08,B)

- 1(04.8) taking into account the extent to which we combine
£02.8) f[he. indicator of the amount of knowledge and the
o) indicator of the strength of knowledge. The second

£(0.05, 8) task of future research is the study of the ste#ist
0. = : : = P and probabilistic characteristics of the constrdicte

L functionals, in particular, the calculation of thei

Fi point and interval estimates.
ig. 4
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