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Abstract: The article discusses the methodology for calculating the probabilistic characteristics of the objectivity of test results in
distance learning. Calculation expressions are obtained and simulation modeling of the process of forming test tasks for students
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To implement distance learning, there are a large
number of software products that are well covered
in print and on the Internet [1, 2, 3]

The Institute of Transport Engineering and Con-
trol Systems of the Russian University of Transport
operates a distance learning server, on which the
Moodle distance learning system, which is widely
used in Russian universities, is installed.

At the Department of Information Management
and Protection, the above system is used to test stu-
dents in a number of disciplines.

The Moodle system has ample opportunities for
testing, there are only 12 types of questions. The Moo-
dle system is quite fully described on the Internet, so
we will not describe all the testing possibilities in the
Moodle system, but touch on the main parameters.

For testing, the teacher must create a database
of questions in the bank of questions, a system re-
lated to the entire course. The bank of questions can
be structured by creating categories of questions
related to a specific topic of the discipline. This al-
lows you to organize both intermediate testing on a
specific topic, and the final exam, which includes all
topics of the discipline.

When developing a testing scenario, the teacher
must determine the number of questions in the bank
of questions of the system, the number of categories
and questions in them, the number of questions in
the test task for each student, the time required to
pass the test, the grading system, the number of al-
lowed attempts to pass the test.

When analyzing the results of the test control
of students from several groups who were tested
non-simultaneously, it was noticed that the grades
increased, and the time to answer questions de-
creased. This is explained by the fact that the stu-
dents of the first group, using information technolo-
gies (for example, social networks), transmit infor-
mation about the questions to the second group, etc.
This leads to the fact that the objectivity of the test
results is reduced. To increase the objectivity of the
test results, it is necessary to increase the number of
questions in the bank of questions of the system and
change them frequently for the following groups of
students. This greatly complicates the work of the
teacher. Therefore, the problem arose of assessing
the probabilistic characteristics of the objectivity of
the test results.
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Consider the algorithm for generating test items
for each student when dividing the bank of ques-
tions into categories related to specific topics of the
discipline. Figure 1 shows a graph illustrating the
process of generating test items.

baux BOLIPOCOE CHCTEMEI

|

|

|

|
Kareropmn_| |
BOMPOCOB :
|

|

|

l

TecroBoe 3a1anie LA CTVICHTA |

Ka [
|

—_————

Fig. 1. Illustration of the process of forming test items

The bank of questions of the system is divided
into m (m=1, 2, 3...) categories, in each category i
(i=1, 2, 3...) questions.

For each student, the system generates a test task
containing one question from each category, so the
test task will contain m questions. The system se-
lects a question from a category randomly according
to a uniform distribution law.

Ifwe have 5 categories (m=5) and there are 5 ques-
tions (i=5) in each category, the number of questions
in the system’s question bank should be m-i = 25.
Using five questions from a category, i = 5° = 3°125
combinations of questions in the test item, composed
of one category.

Categories can contain the same or different
number of questions. Therefore, to determine the
probabilistic characteristics of the objectivity of the
test results, it is necessary to conduct an analysis for
the category containing the maximum number of
questions.

Consider the simplest example of testing (exam),
if there are only two questions in a particular cat-
egory (k = 2). The first question will be denoted
by the number 1, and the second by the number 2.
Naturally, the questions differ from each other. For
the first student, the system will generate a test task
from one question, in which there will be question
1 or 2 with a probability of 0.5. This is true for the
second student and for all subsequent students.

Let us find the probability that after testing two
students (n=2), where n is the number of students,

all other students will know the content of two
questions.

The analysis was carried out using the apparatus
of probability theory and combinatorics [4, 5].

All possible combinations (results of outcomes)
are calculated by the formula k¥ = 22 = 4.,

Naturally, in order to find out the content of two
questions, the number of students must satisfy the
condition n = k.

Table 1 shows all possible combinations of out-
comes li, where i=1,2,3,4, there are 4 such outcomes.

Table 1.

n I 2| I3 I4
1 2 1 2
2 2 1 1

|<—A—>|(—B—>|

The probabilities of outcomes are equally proba-
ble, therefore, the probability of any of the outcomes
Piis equal to Pi =0.25, wherei- 1, 2, 3, 4.

Table 1 can be divided into two areas:

- area A corresponds to the fact that the content
of the two questions will be known to all other
students taking the test;

- region B corresponds to the fact that either of
the two questions will be unknown.

If the system generates a test task for the second
student, taking into account the results of the for-
mation of the question for the first student, and the
result of the formation falls into area A, this corre-
sponds to the fact that all questions are known, oth-
erwise the system must generate a test task for the
third student, etc.

Therefore, with two independent tests (two stu-
dents participate in testing), the probability that the
combination of test results will fall into area A is de-
termined by the expression PA=0.25+0.25=0.5, other-
wise, in order to have information about the content of
two questions, it is necessary to conduct a third test. In
this case, the probability that the content of two ques-
tions will be known is equal to P3=PA-0,5 = 0,25.

Similarly, we can write: P4=P3.0.5 = 0.25-0.5=
0.125; P5=P4-0.5=0.125-0.5=0.0625.

Let’s write down the general recursive formula
for calculating the probabilities:
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P2=0.5; P3 = P2.0.5=0.25; P4 = P3-0.5= 0.125; ... Pn
=P(n-1)-0.5 (1)
where n is the number of tests (number of students
participating in testing).

Figure 2 shows a graph corresponding to the pro-
cess of forming test items for students.
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Fig. 2. An illustration of the process of forming test items for five
students

For the first student, the system generates que-
stion 1 or 2. Similarly, for the second student, the
system generates question 1 or 2. In this case, the
combinations of all possible variants of questions
generated by the system for two students (n=2) will
correspond to the following combinations: 11, 12,
21, 22. Combinations 12 and 21 correspond to a
situation in which the content of two questions is
known. Combinations 11 and 22 indicate that the
content of the first or second question is unknown.

Similarly, in the third test (n=3), the system ge-
nerates the following combinations: 111, 112, 221,
222. Combinations 112 and 221 correspond to a
situation in which the content of two questions is
known. With combinations of 111 and 222, the con-
tent of any question is unknown. Further, the proce-
ss of forming test tasks continues.

A discrete random variable is the number of te-
sts conducted by n students, at which information
about two questions will be known. The distribution
law of a discrete random variable n given in tabular
form will correspond to Table 2.

The distribution polygon of a discrete random
variable n is shown in Figure 3, and the distribution
function of a discrete random variable n is shown in
Figure 4.

0.6} P(n) |
0.5

0.4 \

0.3 \
0.2 \

0.1 AN

Fig. 3. Distribution polygon

1\F(n) 1 0.968

| . I 0.937
0.9 0.875
0.8

0.75

0.7
0.6 |
0.5 0.5
0.4
0.3
0.2
0.1
0 n
01 2 3 4 5 6 7

Fig. 4. Distribution function

Analysis of the distribution function graph (Fig.
4) allows us to draw the following conclusions:

The probability that when testing two students
(n=2) information about two questions will be
known is P(2) = 0.5. The probability that when test-
ing three students (n = 3) information about two
questions will be known is P(3) = 0.75, etc.

Table 2. The main numerical characteristics of a discrete
random variable n:
n 2 3 4 5 6 7 ) ) )
The mathematical expectation of a discrete ran-
Pin) 0.5 025 | 0125 | 00625 |0,03125 | 001563 | (o varjable n is determined by the formula:
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M(n) = Py

n=2

(2)

Since the probability value Pn for each next value
of the random variable n corresponds to the prin-
ciple of dichotomy, i.e. Pn = Pn-1-0.5, formula (2) can
be transformed into a number series:

Mn)= 1+ i
n=2

The variance of a discrete random variable n is
determined by the formula

mn

+1
n

(3)

D) = ) (n— M(W)? B, =2 (4)

Consider the case when k=3, the system gener-
ates three test tasks for each student on one ques-
tion. The dimension of the problem increases ex-
ponentially. The total number of all combinations
of test outcomes becomes k* = 33 = 27. All possible
combinations of questions in test tasks, taking into
account the location of the three numbers 1, 2, 3, are
shown in Table 3.

In Table 3, three areas A, B and C can be dis-
tinguished. In area A there are n! = 3! = 6 possible
combinations of questions in test tasks for three
students, therefore, the probability of an event fall-
ing into area A is P(A4) = zi? = (.2222 ... Area A cor-
responds to the situation when information about
the content of all three questions becomes known.

Region B contains three sub-regions B1, B2, B3.
In sub-area B1, only two digits 1 and 2 are used, and
one of the digits can be repeated. If the number 1 is
repeated, such combinations correspond to the out-

come numbers 7, 8, 9, if the number 2 is repeated,
such combinations correspond to the outcome num-
bers 10, 11, 12, which is shown in Table 3. The num-
ber of permutations with repetitions is determined
by the formula:

k!
keql-kea!

3!

3!
BT

1!-2!

M(k1, k2) = (5)
where k1=2 the first question is included in combi-
nations twice, similarly k2=2 - the second question
is included in combinations twice. Therefore, the
number of combinations of numbers in area B1 is 6.

A similar calculation can be carried out for sub-
areas B2 and B3, therefore, the total number of com-
binations of numbers in area B is 18.

The probabilities that the combination of num-
bers will belong to subdomains B1 or B2 or B3.

B3 P(By) = P(By) = P(By) = == 0.2222..

From this it follows that the probability of getting
into area Bis P(B) = P(B,) + (B;) +
P(B;) = “j % =0.666...

27 3

In area C, there are 3 possible combinations,
therefore, the probability of getting into area C is
P(C) = % =% =0.1111 ... In area C, the content of
two questions is unknown - either 2 and 3 or 1 and
3or1and 2.

If the combination of question numbers in the
test tasks did not fall into area A, therefore, the com-
bination of question numbers fell into area B or C.
But since 2 questions are unknown in area C, then
when testing the fourth student, area C will not
give an answer to the content of all three questions.
If the event B is realized, the probability of which
is P(B)=0.666...then in order for the information

Table 3.

123 112 221 113 331 223 332 1,23
n|1{2|3|4|5|6|7|8|9|10(11/12|13|/14|/15(16|17|18|192|20/21|22(23|24|25|26(27
1112|2331 (1]2 21111 (1|33 |3|1)|2|2|3|3|3(2|1|2]3
21212131 |2]1]2]1 112131131 (3|2|3|2|3(2|3|]1,2(3
3133 |3(1(2|1]2]1)1 21213111113 313|2|2|2|3(3|]1]|2)|3

B1 B: B3
- Tl s b o Ead
A B C
e - - =
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about all three questions to be known, it is neces-
sary that one of the missing question numbers (ei-
ther 1, or 2, or 3) falls out. The probability of this
eventis P(X) = % Events B and X are independent,
using the formula for multiplying the probabilities
of independent events B and X, you can determine
the probability that when testing the fourth student,
information about the content of all three questions
will be known.
1 3

P@=P@B-X)=22=2=2=0222.. (6

Thus, the probability that information about
all three questions will be known after testing the
fourth student is P(n) = P(4) = 0.222...

If, during testing of the fourth student, informa-
tion about one of the three questions (1 or 2 or 3)
was not known, the following conclusions can be
drawn:

- when forming question number 1 for the
fourth student, the combination of combina-
tions of questions for the three previous stu-
dents corresponds to sub-areas B1 and B2 in
which information about the content of ques-
tion number 1 is known, in sub-area B1 infor-
mation about question number 3 is unknown,
and in sub-area B2 information about ques-
tion number 2 is unknown;

- when forming question number 2 for the
fourth student, the combination of combina-
tions of questions for the three previous stu-
dents corresponds to sub-areas B1 and B3 in
which information about the content of ques-
tion number 2 is known, in sub-area B1 infor-
mation about question number 3 is unknown,
and in sub-area B3 information about ques-
tion number is unknown one;

- when forming question number 3 for the
fourth student, the combination of combina-
tions of questions for the three previous stu-
dents corresponds to sub-areas B2 and B3 in
which information about the content of ques-
tion number 3 is known, in sub-area B2 infor-
mation about question number 3 is unknown,
and in sub-area B3 information about ques-
tion number is unknown one.

[t should be taken into account that after testing

the fourth student in area C, combinations of ques-
tion numbers appear in which information about

the content of two questions is known (see Table 4
of combinations of question numbers in area C), this
circumstance must be taken into account when cal-
culating probabilities.

In Table 4, combinations of question numbers in
area C correspond to 111, 222, 333. When testing
the fourth student, depending on the question num-
ber (1 or 2 or 3), combinations of question numbers
appear in area C in which information about the
content of one of the three questions is unknown.

Table 4.
1123
n | 25(26|27
1(1|2|3
2|11(2)|3
3/]1|12]|3
1111
42|22
3(3]|3

From what has been said, it follows that in or-
der for information about all three questions to be
known, it is necessary that the system for the fifth
student form questions from areas, the probability
of falling into which is equal to:

p= (i+ 2-1) =1 _ 0518518 ..
27 27 27

(7)

To calculate the probability that information about
all three questions will be known after testing the
fifth student, it is necessary to take into account the
probability of one of the numbers falling out either 1
or 2 or 3, this probability is equal to i, therefore, we
can write:

14 1 14
P(5) = ;=5 =0.17283... (8)

Having carried out a similar analysis for n = 6, 7,
8... you can get the calculated expressions for P(n).

When k=4 (the number of questions in the catego-
ry of the bank of questions of the system), the dimen-
sion of the problem increases significantly k* = 44 =
256, which significantly complicates the receipt of
calculation expressions, therefore, a simulation mod-
el was created for the process of forming test tasks
for students by the Moodle system. The simulation
results are shown below.
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=2 Table 5
n 2 3 4 5 6 7 8 9 10
P(n) 0,5 0,25 0,125 0,0625 0,03125 0,01563 0,00781 0,0039 0,00195
=3 Table 6
n 3 4 5 6 7 8 9 10 11
P(n) 0,17283 0,1233 0,0848 0,05760 0,0384 0,0264 0,01722
k=4 Table 7
n 4 5 6 7 9 10 11 12
P(n) 0,0936 0,1407 0,1465 0,1319 0,1101 0,0882 0,0675 0,0535 0,0407
=5 Table 8
n 5 6 7 8 9 10 11 12 13
P(n) 0,0382 0,0768 0,1002 0,1076 0.1043 0,0956 0,0837 0,0716 0,0601
=6 Table 9
n 6 7 8 9 10 11 12 13 14
P(n) 0,0155 0,0385 0,0599 0,0750 0,0826 0,08444 0,0817 0,0760 0,06141

Tables 5, 6, 7, 8, 9 show the laws of distribution of
a discrete random variable n - the number of students
tested, given in tabular form, for various k - the number
of questions in the category of the bank of questions of
the system. The condition n = k must be satisfied.

The polygons of the distributions of a discrete
random variable n for various k are shown in Figure
5 and the distribution functions in Figure 6.
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Fig. 5. Polygons of distributions of a discrete random variable n
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Fig.6. Distribution functions of a discrete random variable n

Table 10
k 2 3 4 5 6
M(n) 3 5.5 8.33 11.42 14,69
D(n) 2 6.82 14.4 25.25 38.94
d(n) 1.41 2,57 3.79 5,02 6.24
40% N(n), D{n), 4(n) g
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Fig. 7. Estimates of mathematical expectations M(n), variances D(n) and standard deviations &(n)

Analysis of the graphs in Figure 6 shows that
with six questions in a category (k=6) when testing
21 students (n=21), the probability that information
about the content of all six questions with a prob-
ability of 0.8 will be known to all students of the
group.

Table 10 shows for various k estimates of math-

ematical expectations M(n), variances D(n) and stan-
dard deviations 6(n) for a discrete random variable n.

Figure 7 shows the values of estimates of mathe-
matical expectations M(n), variances D(n) and stan-
dard deviations 6(n) for a discrete random variable
n for various k, where k is the number of questions
in the category of the Moodle question bank.
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The sample size in simulation modeling for each
value of k is more than one million realizations.

After analyzing the calculated expressions and
simulation results, we can conclude that the simula-
tion model adequately reflects the process of form-
ing test tasks for students.

The results obtained will allow teachers to ratio-
nally develop scenarios for testing students in the
Moodle system, taking into account the number of
students in groups and the number of questions in
the categories of the system’s question bank.
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METOAUKA PACHETA BEPOATHOCTHbIX XAPAKTEPUCTUK
OBbEKTUBHOCTUPE3YNbTATOB TECTUPOBAHUA CTYAEHTOB B
CUCTEME AUCTAHLIMOHHOTO OBYYEHUA MOODLE

JIbi310B Cepreit CepreeBud, YBapoB Cepreit CepreeBud, KatTuna MapuHa
BiaaumuposHa

Poccutickuti ynusepcumem mpaHcnopma (MHUHUT), Mocksa, postmain@mail.ru

OpI/II‘I/IHaJILHaH Hay4YHada CTaTbA

AHHOTauﬂﬂ: B craTbe paccMaTpuBaeTCA METOAWKA pacdeTa BEPOATHOCTHBIX XaPaKTEPHCTHUK 00'bEKTUBHOCTH pe3y/ibTaToB
TECTUPOBAHUA IPU JUCTAHIIHOHHOM 06y‘{eHl/ll/I. nOJ’Iy‘{eHbI pacdyeTHbI€ BbIpa>KEHHUA U IIPOBEJE€HO MMUTAlUOHHOE MOAEJIMPOBAHUA
nponecca (l)OpMHpOBaHI/IH TECTOBbIX 3aaa1—m171 And CTYAEHTOB. HpHBeﬂeHbI pe3ysbTaTbl pac4ieToB W HUMHUTALLMOHHOTIO
MOAeJIMPOBaHKWA, IMOJYy4Y€eHbl OLlEHKHU cnyqaﬁﬁoﬁ ,Z[HCerTHOﬁ BEJIMYHWHBI, olipeaesideMoe KaK KOJIMYeCTBO TeCTHpOBaHHﬁ npu
KOTOpOM I/IH(l)OpMaLU/IH 0 COZAEPKaHHH BCEX BOINIPOCOB B TECTOBBIX 3a/JaHUA CTAHOBUTCA U3BECTHA BCEM CTYAE€HTAM.

KioueBbie cioBa: CucrteMa JMCTAaHIMOHHOTO 06y4eHus: Moodle, UMUTAllMOHHOE MOJEJMPOBAHUE, PACYUETHbIE BbIPAXKEHHUS

Y pe3y/nbTaTbhl MMHUTALMOHHOTO MOJEJUPOBAHHUS OLleHKHM BepPOSITHOCTHBIX XapaKTepPUCTHK OOGBEKTHUBHOCTH pe3yJbTaTOB

TeCTUPOBaHUA CTYLEHTOB.

[ peasvsanuy AUCTAaHLUOHHON GOPMBI 06Y-
YeHUs CyLeCcTBYeT O60Jbllioe KOJUYECTBO IHpoO-
IrPaMMHBIX IPOAYKTOB, XOPOLIO OCBEIIEHHbIX B Ie-
yaTu U B ceTu UHTepHeT [1, 2, 3]

B MHCTUTyTe TPAaHCNOPTHOU TEXHUKU U CUCTEM
ynpaBsieHus1 Poccuiickoro yHUBEpCUTETa TpPaHC-
nopta QyHKIMOHUPYET cepBep AUCTAaHLHOHHOIO
06y4yeHHs], HA KOTOPOM YCTaHOBJIEHA CUCTEMA JiHC-
TaHLUUOHHOTO 06ydeHuss Moodle, mupoko wucro-
Jib3yeMasi B yHUBepcuTeTax PO.

Ha kadenpe «YnpaBsieHue u 3amuTa uHbOp-
MalUu» [Jis TECTUPOBAHUS CTYAEHTOB IO PAAY
JUCLUIIJIMH UCIO0Jb3yeTcsl yKa3aHHas BbllIe CHC-
TeMa.

Cucrema Moodle o6s1aziaeT MUPOKUMHU BO3MOK-
HOCTSIMU [1JIs TIPOBeJleHUs] TeCTUPOBAHUS, OJHUX
TOJIbKO TUIIOB BONPOCOB cyuiecTByeT 12. Cucrema
Moodle focTaTo4HO MOJIHO omMcaHa B MHTepHeTe,
M03TOMy He 6y/ZileM ONMCBhIBaTh BCE BO3MOXKHOCTHU
TeCTUpPOBaHUs B cucteMe Moodle, kocHeMcs Ty1aB-
HBIX IapaMeTpPOB.

JlJ1s TeCTHpPOBaHUS PENoAaBaTe b J0JMKEH CO3-
JlaTh 6a3y BONPOCOB B GaHKE BOMPOCOB, CUCTEMBI,
OTHOCSIUXCS KO BceMy Kypcy. bBaHk BonpocoB Bo3-
MOXXHO CTPYKTYpUpPOBaTb, CO3/laB KaTeropuu BO-
IPOCOB, OTHOCSIL[MECS K OTpe/ie/IeHHON TeMe Jiuc-
IUIJIMHBL. JTO IMO3BOJIIET OPraHU30BbIBATh KakK
IPOMEXXYTOYHOE TECTHPOBAHUE MO OIpe/IeIeHHOM
TeMe, TaK U IPOBeJieHHe UTOTOBOr0 3K3aMeHa, Ko-
TOPBIH BKJIIOYAET BCE TEMBI JJUCIUIINHBIL

[Ipu pa3paboTKHU ClleHapusl TECTUPOBAHUS Tpe-
110/]aBaTe b I0JDKEH ONpeJeJIUTh KOJUYeCTBO BO-
IPOCOB B OGaHKe BOMPOCOB CHUCTEMbI, KOJIMYECTBO
KaTeropui U BONPOCHI B HUX, KOJIMYECTBO BOMPO-
COB B TECTOBOM 33JlaHUM JJIs KaXKJ|0TO CTY/AEHTa,
BpeMs, Heob6XoJUMOe [iJisi MPOXOXKAEeHHUs TecCTa,
CUCTEMY OLEHUBAHHUA, KOJIUIECTBO pa3pelleHHbIX
IMOIIBITOK HpOI‘/JITI/I TEeCT.

[Ipy aHa/M3e pe3y/bTaTOB TECTOBOTO KOHTPO-
JISl CTYLEHTOB HECKOJIbKUX TIpyI, MPOXOJAUBILINX
TeCTUPOBaHHE HEOZHOBPEMEHHO, ObIIIO 3aMeYeHO,
YTO OL€HKH MOBBIIIAJKNCh, @ BpEMsI OTBETA Ha BO-
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IpPOChl YMEHbIIANIOCh. JTO OOBSICHAETCS TeM, YTO
CTyJleHbl TEepBOUW TpyINbl, UCHOJIb3ysd HHOpPMa-
[IMOHHBIE TEXHOJIOTUU (HANpPHUMeED, COIUAJIbHbIE
CeTH), mepejaroT nHGOPMaIMIo 0 BONPOCaxX BTOPOH
rpyIe U. T. . JTO NPUBOAUT K TOMY, YTO O0O'beK-
THBHOCTb Pe3yJIbTaTOB TEeCTHPOBAHHUS CHUKAET-
cs1. /111 NOBbILIEHUST 06'bEKTUBHOCTH PE3yJIbTAaTOB
TECTUPOBAHUS HEOOXOIUMO YBEJUYMBATH KOJIUYE-
CTBO BOIIPOCOB B GaHKe BONPOCOB CUCTEMBI U YACTO
MEHSITb UX JIJIS CAeAYIOIUX TPy CTYAEHTOB. ITO
3HAYUTEJBHO YCJIOXKHSET paboTy mnpernojaBaTeis.
[ITosTOMy BO3HHMKJIA 33Zja4a OLEHKH BEPOSTHOCT-
HbIX XapaKTePUCTUK 06'bEKTUBHOCTH Pe3yJbTaTOB
TECTUPOBAHMUSI.

PaccMoTpuM asropuTM (QOpPMUPOBAHUS TeC-
TOBBIX 33/IJaHUH JIJIS1 KQK/I0TO0 CTyJleHTa NPy pa3ou-
eHUH 6aHKa BOIIPOCOB HAa KATETOPHUH, OTHOCALHAECS
K KOHKPETHBIM TeMaM AUCIUIINHBL. Ha pucyHke 1
npuBe/ieH rpad, WIIICTPUPYIOIUN npouecc dop-
MHUPOBaHMUS TECTOBbIX 33/JaHUH.

baux BOLIPOCOE CHCTEMEI

ke H

|

|

|

|

Kareropm | |
BOMPOCOB : . |

|

|

|

l

Tectopoe 3a1aHie LA CTYIGHTA |

Ka [
|

—_————

Puc. 1. Uaarocmpayusi npoyecca ghopMupos8aHusi mecmosuix
3adaHutl

BaHK BOMpoOCoOB cucTeMbl pa36buT HAa m (m=1, 2,
3...) KaTeropu#, B KaxkJjou kateropuu i (i=1, 2, 3...)
BOIIPOCOB.

Juis Kakzaoro cryaeHta cacreMa GOpMHUpPYyeT
TECTOBOe 33/laHHE, COJleprKallee 10 OJHOMY BO-
pOCy W3 KaXJIOW KaTeropui, TakuM o6pa3oM B
TECTOBOM 3a/JlaHMU OKaXKeTCsI m BOIpocoB. Bompoc
M3 KaTeropuu cucTteMa BbIOHMpaeT Cay4allHbIM 06-
pa3oM 10 paBHOMEPHOMY 3aKOHY pacnpe/ie/leHUsl.

Ecnu umeem 5 kateropui (m=5) 1 B KaX/J0H Ka-
Teropuu 5 Bonpocos (i=5), kosiMuecTBO BONIPOCOB B
GaHKe BOIMPOCOB CUCTEMBI JOIKHO ObITh m-i = 25.
Wcnosb3ysi nsTh BONPOCOB U3 KAaTErOPUM MOXKHO
chopmupoBarts i = 5° = 3°125coyeTaHuii BONPOCOB
B TECTOBOM 33JIaHWUU, COCTABJIEHHBIX U3 OJJHOU Ka-
TEropuH.

KaTteropuu MoryT cosepaTbCsl KaK OJHWHAKO-
BO€, TaK U pa3HOe KOJIMYeCTBO BONpocoB. [loaTomy
JLJIS ollpe/ie/IeHUs1 BEPOSITHOCTHBIX XapaKTePUCTUK
006'beKTUBHOCTHU PE3y/IbTATOB TECTUPOBAHUU HEOD-
XOJJUMO MPOBECTH aHaJU3 [Jisl KaTeTOPUH, CoJlep-
»Kaljel MaKCHMMaJIbHO€e KOJIMYEeCTBO BOIIPOCOB.

PaccMoTpuM npocTeliuid npumMep TeCTUPOBa-
HUs (3K3aMeHa), ecii B KOHKPETHOW KaTeropuu
eCcTb TOJIbKO ZiBa Bonpoca (k = 2). [lepBbIii Bonpoc
00603Ha4yuM 1udpoit 1, a BTopoit uudpoii 2. Ecrect-
BEHHO, BOINPOCHI OTJIMYAOTCH APYT OT Apyra. [lep-
BOMY CTYJEHTy cucteMa cPOpMHUPYeT TeCTOBOE
3a/laHue U3 OJJHOT'0 BONPOCA, B KOTOPOM OKaXKeTCsl
Bonpoc 1 uiu 2 ¢ BeposTHocThio 0,5. 3TO cipaBei-
JIUBO U JJis1 BTOPOTO CTYZEHTA U [JIsl BCeX CJIe/ly0-
IIUX CTY/IEHTOB.

HaiiieM BEpOsITHOCTB TOTO, UTO 110OCJIe TECTHUPO-
BaHUS ABYX CTYAEHTOB (N=2), rAe n — KOJHU4eCTBO
CTYAEHTOB, BCEM OCTaJIbHbIM CTY/EHTaM OYEeT U3-
BECTHO COZlep:KaHUe JIBYX BOIIPOCOB.

AHanu3 npoBeJieH C MCI0JIb30BaHUEM aNlapaTa
TEOPUU BEPOSITHOCTEN U KOMOUHATOPHUKH [4, 5].

Bce Bo3MoXkHbIe coyeTaHUs (pe3yJbTaThl HCXO-
JI0B) BbIYHC/sieM 0 popmysie k= 22 = 4,

EcTecTBeHHO, /17151 TOTO YTO 6bI y3HATH COZAEPKA-
HUe JIBYX BOIPOCOB, KOJIMYECTBO CTY/IEHTOB JI0/IK-
HO YI0BJIETBOPSTH YCJIOBHIO N = K.

B Tabsauue 1 npuBesieHbl BCe BO3MOXHbIE COYe-
TaHus ucxonoB li, rae i=1,2,3,4, TaKUX UCXO/I0B 4.

Ta6auya 1

n I 2| I3 I4
1 2 1 2
2 2 1 1

|<—A—>|(—B—>|

BeposATHOCTHU UCXO/I0B PAaBHOBEPOSITHBI, CJIE/[0-
BaTeJIbHO, BEPOSITHOCTD JIIOOOT0 U3 UCX0/10B Pi paB-
Ha Pi=0.25,tnei- 1,2, 3, 4.

B Tabsuie 1 M0OXXKHO BBIJIEJIUTD JB€ 00JIaCTH:

- 00J1acTb A COOTBETCTBYET TOMY YTO COZEP-
»KaHUe JIByX BONPOCOB 6y/IeT U3BECTHO BCEM
OCTaJIbHBIM CTYZeHTaM, MPOXOASIIUX TECTH-
poBaHue;

- 006JacTh B cOOTBETCTBYeT TOMY YTO JII060OU
13 JIBYX BOIIPOCOB OY/IET HEU3BECTEH.

120

Journal of Information Technology and Applications

www.jita-au.com



METOAVKA PACUETA BEPOSITHOCTHbIX XAPAKTEPUCTUK OBbEKTUBHOCTUPESYNLTATOB TECTUPOBAHMS CTYEHTOB B CUCTEME

[AVCTAHUMOHHOrO OBYYEHMSt MOODLE

JITA 12(2022) 2:111-126

Ecnu cucrema chopMupyeT TecToBOe 33aJaHue
JlJ1S1 BTOPOTO CTYZleHTa C y4eTOM pe3yJibTaToB ¢pop-
MUPOBaHUS BOIIPOCA JIJIsI IEPBOTO CTY/[eHTa U pe3y-
JbTaT GOPMUPOBAHHS MONAJAET B 06J1aCTh A, 3TO
COOTBETCTBYET TOMY, UTO BCe BONPOCHI U3BECTHBI,
B IPOTUBHOM CJIy4ae CUCTEMaA JI0J’KHA CHOPMUPO-
BaTb TECTOBOE 33/laHUE [IJIl TPEThErO CTY/I€HTA. U.
T. JI.

CiiemoBaTeIbHO, IPU [IBYX HE3AaBUCHUMbIX HUCITBI-
TaHUAX (B TECTUPOBAHUU YYaCTBYIOT JiBa CTYAEH-
Ta) BEPOSTHOCTb TOTO YTO COYETAHUE Pe3ybTaTOB
HCIBITAaHUM TMOMaJieT B 06J1acTb A onpeessiioTCs
BbIpakeHHeM PA=0.25+0.25=0.5, B mpoTUBHOM CJ1y-
4yae JiJis TOro YTOObI UMeTh HHGOPMALIUIO O COep-
*KaHWH JBYX BOIIPOCOB HEOOGXOIUMO ITPOBECTH Tpe-
The UCIbITaHUE. B 3TOM ciiydyae BepOSTHOCTb TOTO,
4TO Gy/leT M3BECTHO CO/lep’KaHUE JIBYX BOIPOCOB
paBHa P3=PA-0,5 = 0,25

AHanorn4yHo MOXHO 3anucaTth: P4=P3.0.5 =
0.25-0.5= 0.125; P5=P4-0,5=0,125-0,5=0,0625.

3anuineM o61IyI0 PeKYPPEHTHYO GOpMyJy IJis
BbIYMCJIEHHS BEPOSTHOCTEM:

P2 =0.5; P3 = P2:0.5=0.25; P4 = P3-0.5= 0.125; ...
Pn =P(n-1)-0.5 (D
r/le N — KOJUYeCTBO UCIbITAHUHN (KOJUYECTBO CTY-
JIEHTOB, yYaCTBYIOUIMX B TECTUPOBAHUH).

Ha pucyHke 2 mnpejcraBieH rpad, cooTBeT-
CTBYIOLIMU Mpoleccy pOPMUPOBAHUSA TECTOBBIX 3a-
JaHUU J1s1 CTYLEHTOB.

2 BOIIpOCA, B RATEIOpHH

1]2

JleHTOB (n=2) 6yiyT COOTBETCTBOBATH CAEAYIOIUM
kKoMmbuHanuaMm: 11, 12, 21, 22. Coyetanusa 12 u 21
COOTBETCTBYIOT CUTYaLlUH, IPHU KOTOPOU cojeprka-
HHMeE BYX BoNpocoB u3BecTHO. CoyeTanuda 11 u 22
rOBOPSIT O TOM, UYTO HEU3BECTHO COJlEp:KaHue Tep-
BOT'0 UJIM BTOPOT'0 BOTMPOCA.

AHaJIOTUYHO NpPU TPETbeM HUCHBbITAaHUU (n=3)
cucteMa GOpMHUpPYeT CJeAyloliyve KOMOWHAIUU:
111,112,221, 222.Couetanusa 112 u 221 cooTBeT-
CTBYIOT CUTYalluy IPU KOTOPBIH cojiep:kaHue JIBYX
BONpOCOB M3BeCTHO. [lpu coudetanusax 111 u 222
- coJlep’KaHUe KaKOro-Ju60 BOMpPOCa HEU3BECTHO.
Janee npouecc opMHUpPOBaHHUS TECTOBBIX 33/JaHUI
NpPOJ0JKAETCH.

JucKkpeTHOU cay4yallHON BeJUYMHOW SIBJSIET-
Cl KOJIMYEeCTBO IMpPOBEJIEHHBIX TECTUPOBAaHUU h
CTYJIeHTOB, IpU KOTOPOM OyzeT M3BecTHa UHPOP-
Malya 0 JBYX BOIlpocaX. 3aKOH pachnpejieseHus
JIUCKPETHOM C/1y4YalHOW BeJIMYUHBI N, 33/laHHBIN B
TabIUYHOU popMe Gy/IeT COOTBETCTBOBATh TA0J/IH-
e 2.

Ta6auya 2
n 2 3 4 5 6 7
P(n) 0,5 0,25 0,125 | 0,0625 | 0,03125 | 0,01563

MHOroyroJibHUK paclpejeseHus [JUCKPeTHOU
CJIy4alHOU BeJIMYMHBI N MpeJCTaBJeH Ha PUCYHKE
3, a GyHKUMA pacnpe/iesieHUs AUCKPEeTHOH cy4dai-
HOM BeJIMYMHBI N Ha pUCYHKe 4.

0.6} P(n) |
0.5

0.4 \
0.3 \

0.2 \
\

Puc. 2. Hantocmpayus npoyecca popMupo8arust mecmossix 0.1 \\\“\
3adaHull 015 nimu cmydeHmos. —
0 1 2 3 4 5 6 7 n
Puc. 3. MHoz20y20.16HUK pacnpedeseHus..
s mepBoro cryaeHTa cucremMa GopMUPYeET BO-
npoc 1 uau 2. AHaJIOTU4YHO, [iJIS1 BTOPOTO CTyAEeHTa
cucteMa popmupyet Bomnpoc 1 uiu 2. B aTom ciy-
4qae Co4eTaHHA BCEX BO3MOXHbIX BAPDHUAHTOB C(l)Op-
MHUPOBAaHHBIX CHUCTEMOMN BONPOCOB I/ ABYX CTY-
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1;F(n) 1 0.968
0.937
0.9 ] 0.875
0.8
0.75
0.7
0.6
0.5 0.5
0.4
0.3
0.2
0.1
0 n
0 1 2 3 4 5 6 7

Puc. 4. ®yHkyus pacnpedeneHusi.

AHanuz rpaduka OyHKIUM pacnpejeseHus
(puc. 4) no3BoJISIET CAEIATD CEAYIOLHE BBIBOJBIL:

BepoAaTHOCTb TOr0 YTO NPU TECTUPOBAHHUE JBYX
cTyfeHTOB (n=2) 6yJeT u3BecTHa WHopMalUs o
JIByX BorpocoB paBHa P(2) = 0.5. BeposiTHOCTb TOr0
YTO NMPHU TECTUPOBAHUM TpeX CTYeHTOB (n = 3) 6y-
JleT U3BeCTHA UHPOpMaLys O ABYX BOIPOCAX paBHA
P(3)=0.75uT &

OCHOBHBIE YHCJIOBbIE XapaKTEPUCTUKH JUCKPET-
HOU C/Iy4YallHOW BeJIMYUHBI N:

MaTemaTH4eckoe OXHJAHUE JAUCKPETHOU CJy-
YyallHOU BeJIMYMHBI N onpefesiseTcs no Gopmyie:

o

M(n) = Zn-[’n

n=2

(2)

[lockoJibKy 3HauyeHUe BeposATHOCTH Pn pausa
KaX/J0TO CJIeYIOIlero 3Ha4eHus CJIy4alHOU BeJIN-
YHHBI N COOTBETCTBYET NPUHLUNY AUXOTOMUHY, T. €.
Pn = Pn-1-0.5 ¢opmyny (2) MmoxHO nmpeob6pa3oBaTh
B YHCJIOBOU PAL;

= n+1
M =1 - =3
(n) +HZ=2 — 3)

Jlucnepcusi AUCKPETHOU Cy4YallHOW BeJTUYHUHBI
n onpejeaseTcs no popmysie
o
D = ) (- M@)* B =2 (4)
n=2

PaccmoTpuMm cayyait npu k=3, cucrema ¢popmu-
pPyeT TPpHU TECTOBBIX 3aJlaHUS JJIs1 K&XK/I0TO CTY/eH-
Ta MO0 OJHOMY Bompocy. PaaMepHOCTh 337a4u BO-
3pacTaeT B reoMeTpuyeckoi mporpeccuu. Obiee
YHCJI0 BCeX KOMOWHAIMU MCXO[0B TEeCTUPOBAHUS
cra”HoBuTca k¥ = 3% = 27. Bce BO3MOXKHbIe coYeTa-
HUSI BOIIPOCOB B TECTOBBIX 33/[aHUM C yYETOM Mec-
Ta pacrnoJsoxeHus Tpex uuop 1, 2, 3 npuBeeHbI B
TabJsuie 3.

B Tab6suie 3 MOXXHO BBIAEJUTH TPU 006J1ACTU
A, B u C. B o61actu A HaxoguTcda n! = 3! = 6 Bo3-
MOXXHBIX COYE€TaHUN BOIPOCOB B TECTOBBIX 3a-
JaHUSX [OJs TpeX CTYAeHTOB, CJieJJ0BaTeJbHO,
BEpPOSITHOCTb COOBITHUS NMONACTb B 06J1aCTh A paB-
Ha P(A) = % =0.2222.. 06JacTb A COOTBETCTBY-
eT CUTYyallMH, Koraa uHopManus o coJiepKaHuu
BCEX TPex BOMPOCOB CTAHOBUTCS U3BECTHA.

O6uiactb B cogepxxut Tpu mojobsactu Bl, B2,
B3. B mogo6siactu B1 UCmosib3yoTcs TOJBKO JBE
nudpel 1 1 2, npuyeM ojHa U3 UPP MOXKET MOB-
TopATbCcA. Eciu noBTopsiercs nudpa 1, Takue co-
4YyeTaHHUS COOTBETCTBYIOT HOMepaM HCXOM0B 7, 8,
9, ecnu moBTOpsieTcs nudpa 2, TaKUe COYeTaAHHUS
COOTBETCTBYIOT HOMepaM ucxozoB 10, 11, 12, yto
oTo6paXkeHO B Tabsule 3. Yuc/ao nepecTaHoOBOK C
NOBTOPEHUSAMU ONpeessieTcs o GopMmyie:

Ta6auya 3

123 112 221 113 331 223 332 1,2)|3
n|1[2|3|4|5|6|7|8|9|10/11/12({13|14|15]|16|17|18(19|20|21|22|23|24|25(26|27
1112233112 2111 J(3|3|1(2(2](3|3[3]2|1|2|3
2212|113 |1|2(1]2]|1 211)13(1|3]1]3]|2 213(2(3]112]3
3(3/3|3/1|2|1(2]1]|1 212]3 111133322123 ([3|1/2]|3

B1 B: B3
- Tl - — Ead

A B C

e - - =
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M(k1,k2) = —— = =23

Feqlrkea! 211! 1!-2!

(5)

rae ki=2 nepBbIii BONPOC BXOJUT B COYETAHHUS
JBaXK/1bl, aHAJIOTUYHO k2=2 - BTOpPOM BOIPOC BXO-
JUT B couyeTaHus JBakabl. Cieq0BaTe/NbHO, YUCJIO
codeTaHul udp B obsactu B1 paBHO 6.
AHaJIOTMYHBIN pacyeT MOKHO MPOBECTH AJis MO-
no6sactedt B2 u B3, ciiegoBaTesibHO, 06111ee KOJIU-
4YeCcTBO couyeTaHuH Udp B obsactu B paBHO 18.
BeposiTHOCTH TOTO 4YTO coueTaHue IUPpP OyAeT
NpUHaAIeXaTh nojgob6sactam B1 uau B2 uau B3
_ : 3 I
B3 P(B,) = P(B,) = P(B;) = B == 0.2222 ...
W13 aToro cieayeT, 4TO BEPOSITHOCTD MONACThb B
o6Jiactb B paBHa P(B) = P(B;) + (B;) +

P(By) = o === 0.666...

B o6s1actu C BO3MOXKHBIX COUETaHUH 3, cJieoBa-
TeJIbHO, BEPOATHOCTb NONacTh B 06JiacTh C paBHa
P(C) = % =% =0.1111...B o6stactu C HeU3BeCTHO
coZiep>kaHue JBYX BOMPOCOB - UM 2 U 3 uau 1 u 3
w1 u 2.

Ecsv coueTaHre HOMEPOB BOMPOCOB B TECTOBBIX
3a/laHUAX He MOoIMaJo B 06J1acThb A, C1eJ0BATENbHO,
coyeTaHUe HOMEPOB BONIPOCOB M0ONaJsio B 06J1acTh B
usu C. Ho mockosibKy B o6s1acTu C HEU3BECTHO 2 BO-
poca, TO NIpU TECTUPOBAHUM YeTBEPTOTO CTYAEeHTa
o6sacTb C He AACT OTBET Ha CoJlep:KaHUue BCeX TPex
BomnpocoB. Eciu peanusoBanock cobeiTHe B Bepo-
aTHOCTb KoToporo P(B)=0.666...To a5 TOro 4To66!
MHbOopMaIUs 0 BCeX TPeX BONPOCOB Oblyia U3BECTHA
HEOO6XOAUMO YTOOBI BbINaJ OJUH U3 HEeJOCTAIOIIUX
HOMepoB Bomnpoca (siu6o 1, u6o 2, 6o 3). Bepo-
SITHOCTb 3TOTO COObITHS paBHa P(X) = %.CO6I:ITI/IH B
U X SBJISIIOTCSI HE3aBUCUMBIMH, UCI0JIb3Ys1 GOpPMYy-
Jy AJi1 YMHOXEHUsI BEPOSATHOCTEN He3aBUCHMBIX
cobbITUi B 1 X MOXKHO onpee/uTh BEPOSTHOCTh
TOTO0 YTO NPU TECTUPOBAHUU YETBEPTOTO CTYEHTa
nHpopMalLUs O COJlepKaHUU BCeX TpeX BOMpocax
O6yayT U3BECTHA.
P(4)=P(B-X)=

18 1_ 6 _2_
2?'5_27_9_0'222"'

(6)

Takum 06pa3oM, BEpOSITHOCTb TOT0 4YTO UHPOP-
Mal{s 0 BCEX TPEX BOMPOCcax Oy/ieT U3BECTHA MTOCJIe
TeCTUPOBAHMS YeTBEPTOro CTyJeHTa paBHa P(n) =
P(4) =0.222...

Eciiv npu TeCTHUPOBAaHUHU YETBEPTOrO CTYJEHTa
He CTaJIo U3BecTHa MHopMaL U 06 OHOM U3 TPex

Bonpocax (1uiu 2 uiu 3) MOXKHO c/ies1aTh CAelyio-
111e BbIBO/IbI:

- 1npu GopMHUPOBAaHUM BoIlpoca HoMepa 1 a1
4yeTBEPTOTO CTyJleHTa KOMOMHaLWs coyeTa-
HUM BONPOCOB JJI TpeX NpeAbIAyIIuX CTY-
JIEeHTOB COOTBETCTByeT IoAobJsacTaAM Bl u
B2 B KoTOpBIX MHPOPMALUA O COAepKaHUHU
BoIlpoca HoMep 1u3BecTHa, B Nofo6s1acTu Bl
HeM3BeCTHa MHPOpMaLus 0 BOIPOCe HOMep
3, a B nozo6sactu B2 HeusBecTHa HHPOpMa-
LIMf] 0 BOIIpOCe HOMeD 2;

- 1npu GOpMHUPOBAHUM BOINlpoca HOMep 2 JJs
4eTBEPTOT0 CTyJeHTa KOMOMHaLua codyeTa-
HUM BONPOCOB JJsl TpeX NpeAblAyLiuX CTY-
JIEHTOB COOTBETCTBYyeT MozobJsactaM Bl u
B3 B KOTOpBIX HHPOpPMALUA O COAepKaHUHU
BOIIpOca HOMeD 2 M3BeCTHa, B Tofo06J1acTy Bl
HeHM3BeCTHa UHPoOpMaLus 0 BOIpOCe HOMep
3, a B nozo6sactu B3 HeusBecTHa HHPOpMa-
LM 0 Bopoce HOMeD 1;

- 1npu GOpMHUPOBAHUM BoIllpoca HoMep 3 [
4eTBEPTOT0 CTyJeHTa KOMOMHaLua codyeTa-
HUM BONPOCOB JJsl TpeX NpeAblAyLiuX CTY-
JIEHTOB COOTBETCTBYeT MozobJsactaM B2 u
B3 B KOTOpBIX HHPOpPMALUA O COAepKaHUHU
BOIlpoca HOMep 3 U3BeCTHa, B Tofo06J1acTy B2
HeM3BeCTHa UHPoOpMaLus 0 BOIpOCe HOMep
3, a B nozo6sactu B3 HeusBecTHa HHPOpMa-
LM 0 Bopoce HOMeD 1;

Heo6xoauMo0 y4uTBIBaTh, YTO IOCJIE TECTHUPO-
BaHUsl YeTBEPTOro CTyZeHTa B o6sactu C nosis-
I0TCSl COYeTaHUsi HOMEpPOB BOINPOCOB, B KOTOPBIX
M3BecTHa HHPOpMaIUs 0 coJlepKaHUHU ABYX BOIPO-
cax (cM. Tabsinny 4 coyeTaHHWH HOMepPOB BOIpoca B
o6sactu C) 3TO 06CTOSATENBCTBO HEOOXOAUMO Y-
ThIBaTh [IPY BbIYMCIEHUN BEPOSITHOCTEH.

B Tabsulie 4 coueTaHUst HOMePOB BOIIPOCOB B 06-
sactu C cootBetcTBytoT 111, 222, 333. IIpu Tectu-
POBaHUM 4YETBEPTOTO CTY/ZleHa, B 3aBUCUMOCTH OT
HoMepa Bonpoca (1 unu 2 unu 3) B 061acty C nosiB-
JISIIOTCS] COYETAaHUs1 HOMEPOB BOIIPOCOB, B KOTOPBIX
HeH3BeCcTHa MHPOpMalus O Cofep:KaHUU OJHOTO
U3 TPexX BOIIPOCOB.
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123
n |25(26|27
11|23
211123
3/]1]12]|3
1111
41222
3133

W13 ckazaHHOTrO CIeAyeT, TO YTO6bl HHPpOpMaIUs
0 BCEX TPeX BOMPOcax 6bljia U3BECTHA, HEOOXOIUMO,
4YTOOBI CUCTEMA AJIS NATOr0 CTyAeHTa chopMUpo-
BaJsia BOMPOCHI U3 06J1acTel, BEpOSATHOCTb MONa/a-
HUS B KOTOpbIe paBHa:

P=(Z+2-2)=12=0518518..
27 27 27

Jlis BbIYMC/IEHUS] BEPOSITHOCTH, TOTO, YTO HH-

dopmanusa o Bcex Tpex Bompocax Oy/eT W3BeCTHa

nocJie TECTUPOBAHUS MATOTO CTYAEHTa, HE0OX0A -

MO YYUTBIBaTb U BEPOSTHOCTDb BbINMaZeHHs OLHOU

u3 1udp au60 1 gu60 2 U600 3, 3TA BEPOSATHOCTh

(7)

paBHa i, CJIeJO0BAaTEJIbHO MOHO 3allMCaThb:

[IpoBe/ist aHAIOTUYHBIN aHaAU3 A1 n = 6, 7, 8...
MOXKHO [OJIyYUTb pacuyeTHbIe BblpaxkeHus s P(n).

[Ipu k=4 (KosM4YecTBO BONPOCOB B KaTeropuu
GaHKa BOIPOCOB CHUCTEMbI) Pa3MepHOCTb 3aJa4yH
3HAYMTEJNIbHO yBesqn4yuBaeTcsa K< = 4*= 256, 4yTo
CYLIECTBEHHO YCJOXHSIET IMOJIyYeHHe pacyeTHBIX
BbIpaXKEHUH, TO3TOMY ObLiIa CO3/iaHA UMHUTAIHOH-
Hasg MoJiesib Mpolecca GOpMUPOBAHUSA CUCTEMOU
Moodle TecTOBBIX 3aJ]laHUM I/ CTYAEHTOB. Pe3y-
JIbTAThl UMHUTALMOHHOTO MOJIeJIMPOBAHUs TpUBe-
JleHbl HUXKeE.

B tabsunax 5, 6, 7, 8, 9 npuBeieHbI 3aKOHBI pac-
npejie/leHUs IUCKPETHON CaydallHON BeJIMYHHBI N
- KOJIMYECTBA TECTUPYEMBIX CTYZ€HTOB, 3a/laHHbIE
B TabM4HON popMe, A/ pa3IMYHBIX K — Kosihye-
CTBO BOIIPOCOB B KaTeropyMu GAHKA BOMPOCOB CHUC-
TeMbl. Heo6x01MMO BBITIOJIHEHUE YCJI0BUS 1 2 k.

MHOTOYTrOJIbHUKU pacnpejiesieHni JUCKPEeTHON
CJAy4alHOU BEJMYHUHBI N AJis pas3juyHbIX kK npej-
CTaBJIEHbI HA PUCYHKe 5 U GYHKIMHU pacnpejese-
HUS Ha pPUCYHKe 6.

14 1 _ 14 (8)
P =——=—=10(.17283...
(5) 27 3 81
k=2 Ta6auya 5
n 2 3 4 5 6 7 8 9 10
P(n) 0,5 0,25 0,125 0,0625 0,03125 0,01563 0,00781 0,0039 0,00195
=3 Taéauya 6
n 3 4 5 6 7 8 9 10 11
P(n) 0,17283 0,1233 0,0848 0,05760 0,0384 0,0264 0,01722
=4 Ta6auya 7
n 4 5 6 7 8 9 10 11 12
P(n) 0,0936 0,1407 0,1465 0,1319 0,1101 0,0882 0,0675 0,0535 0,0407
k=5 Taé6auya 8
n 5 6 7 8 9 10 11 12 13
P(n) 0,0382 0,0768 0,1002 0,1076 0.1043 0,0956 0,0837 0,0716 0,0601
k=6 Ta6auya 9
n 6 7 8 9 10 11 12 13 14
P(n) 0,0155 0,0385 0,0599 0,0750 0,0826 0,08444 0,0817 0,0760 0,06141
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Puc.6. PyHkyuu pacnpedesieHust OUCKpemHoll cay4atiHoll 8eAUHUHbI N.

AHanu3 rpadUKoOB Ha PUCYHKE 6 TOBOPUT O TOM,
YTO MPH IIECTH Bompocax B Kateropuu (k=6) mpu
TecTupoBaHuu 21 ctygeHTa (n=21) BeposITHOCTb
TOro 4To MHGOpPMaIUs O COJEep>KaHUU BCex Liec-
TH BOIIPOCOB € BeposATHOCThIO 0,8 OyzeT u3BecTHa
BCEM CTYyZleHTaM rpyINIbI.

B Ta6sune 10 mpuBefeHbl AJis pa3JUYHbIX K
OlleHKM MaTeMaTU4YeCKuX OXuaaHuil M(n), auc-
nepcuit D(n) u cpeslHEKBaJ[paTUUYECKUX OTKJIOHE-
HUM 6(n) AJ1 AUCKPETHOH C/Iy4YaliHOM BEJIMYMHBI N.

Ha pucyHke 7 npe/jcTaBJ/ieHbl 3HaYEHUS OLEHOK
MaTeMaTHYeCKUX oxkuaaHuit M(n), aucnepcuii D(n)
U CpeJIHEKBA/[paTUYECKHUX OTKJIOHEHUU 6(n) aus
JVCKPETHOM CJy4YalHOW BeJIMYMHBI N TPU pa3J/iny-
HbIX K, rie k - Ko/1M4ecTBO BOIIPOCOB B KaTeropuu
6aHKa BonpocoB cucteMbl Moodle.

06beM BbIGOPKH NPU MMHUTALMOHHOM MO/IEJH-
pPOBaHUU [IJ11 KaXKJ,0T0 3Ha4eHUs Kk cocTaBisieT 60-
Jiee 0IHOTO MUJIJIMOHA peasiu3aLui.

[IpoBesss aHa/IM3 pacyeTHBIX BHIPAXKEHUH U pe-

Ta6auya 10
k 2 3 4 5 6
M(n) 3 3.5 8,33 11,42 14,69
D(n) 6,82 14.4 25.25 38.94
o(n) 1.41 2,57 3,79 5,02 6.24
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Puc. 7. Oyenku mamemamuyeckux oxcudanuti M(n), ducnepcuii D(n) u cpedHekgadpamuyeckux omkaoHeHul 5(n).

3yJITAaTOB UMHUTAILMOHHOTO MO/IeJTMPOBAHUS MOX-
HO c/ieJIaTh BBIBOJ, O TOM, YTO UMUTALMOHHAS MO-
JleJib aJIeKBAaTHO OTpakaeT mpoliecc GpopMHUpoBa-
HUS TECTOBBIX 33/IaHUH /IJIS1 CTY/LEHTOB.

[lony4yeHHble pe3yabTaThl MO3BOJAT Mpernoja-
BaTeJISIM pallMOHAJIBLHO pa3pabaThiBaTh ClleHAPUU
NpOBe/IeHHUs] TECTUPOBAHUS CTYJIEHTOB B CUCTEMeE
Moodle c yueToM KOJIMYECTBA CTYAEHTOB B IPyMmax
Y KOJIMYeCTBa BOMPOCOB B KaTeropusax G6aHKa BO-
MPOCOB CUCTEMBI.
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