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USE OF MOODLE-BASED INFORMATIONAL TECHNOLOGIES FOR TEST
TASKS ANALYSIS

Abstract. Active implementation of the education controlling systems into the educational process
stipulates the realization of automatic control of the level of students’ training. In such
circumstances, there arises an opportunity to explore integrated means which can be used to
evaluate the quality of testing materials. An overview of embedded functions of the Moodle
system for test analysis according to statistical characteristics is presented in the article. Empirical
studies of the test on a representative sample of test takers help to evaluate the informativity of
tasks. The test is formed by such a system of tasks which provides informative assessment of the
level and quality of students’ training. Characteristics of the test as a means of pedagogical
measuring show the dependence of informational content of the test on the characteristics of test
tasks and on the level of students’ training. The work with the "Statistics" module is considered in
detail. Pedagogical potential of built-in LMS Moodle services and their use in the educational
measurement theory is shown.
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1. INTRODUCTION

Problem formulation. Active implementation of the education controlling systems into
the educational process stipulates the realization of automatic control of the level of students’
training. In such circumstances, there arises an opportunity to explore integrated means which
can be used to evaluate the quality of testing materials.

It often occurs that in the process of preparing such materials the teaching staff pay their
attention to the methods of creating test tasks and do not investigate whether they are
appropriate for tests. So there appears a contradiction between the development of automatic
test systems and the teachers’ reluctance to use the tools for analyzing test content and test
questions / tasks in particular.

There is a significant number of both free and proprietary software tools which allow to
perform automatic test control of knowledge. These software products include the following:
Hot Potatoes, MyTest, iTest, OpenTEST, TCExam, SunRav TestOfficePro, SunRav
TestOfficePro, Learning Content Management System (LCMS) MOODLE and others.

This article will consider the possibility of imbedded tools for test task analysis as
illustrated by the Moodle 3.0.x system. In particular, much attention will be paid to the
statistical characteristics that allow analyzing test tasks, test answers and the whole test.

Analysis of recent research and publications. The research of the following scientists
was devoted to implementing the Moodle system into the educational process: V.Yu. Bykov,
V.M. Kukharenko [1] (the technology of creating a distance course); O.M. Anisimov,
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Yu.V. Trius, 1.V. Gerasimenko, V.M. Franchuk, J. Cole, H. Foster, T. Robb, K. Brandle
(peculiarities of using the system for organizing the educational process) [2], [3], [4], [5], [6];
V.P. Sergienko, V.M. Franchuk, L.O. Kukhar (methodological aspects of creating tests in the
Moodle system) [7], [8], [9] and others.

Recently, the number of works related to the theoretical basics of educational
measurements, the issues of classical and modern models of testing, test construction and test
tasks design, as well as to the computer means of testing has increased (O.V. Avramenko,
V.S. Kim, L.O. Kukhar, V.P. Sergienko, V.S. Avanesov, M.B. Chelyshkova, LE. Bulakh,
V.S. Fetisov and others) [10], [11], [12], [13], [14], [15], [7] (Fetisov, 2011, Avanesov, 2002,
Avramenko, 2007, Bulakh, 1995, Chelyshkova, 2002, Kim, 2007, Serhiienko, Franchuk,
Kukhar, 2014).

The objective of the article. Active integration of the educational content controlling
systems into the learning process (mixed, distance learning) includes combining online
courses with the standard methods and using computer tests to monitor students’ academic
achievement. However, there is a need to discuss improvements to the learning component
that is related to the system of evaluating the level of students’ academic knowledge.
Therefore, the objective of the article is to characterize the tools available in the Moodle
system for analyzing the structure of the test ("Statistics" item) and storing the data for further
processing using other tools to analyze the test results.

2. EMPHASIZING THE PREVIOUSLY UNSOLVED ASPECTS OF THE
GENERAL PROBLEM

This article examines the expediency of using the imbedded means of the Moodle
system for analysis and processing of the test results in the Programming Course as shown by
the students majoring in Computer Science. The research provides detailed information about
the tools for creating a bank of test questions. Thus, it is not difficult for a user possessing the
educational management skills to fill in the test with tasks. However, not being acquainted
with the basics of mathematical and statistical data processing, it is difficult to assess the
quality of the prepared test materials. Therefore, the article provides the instructions for
interpreting the obtained results in parallel with the stages of mathematical and statistical
processing of empirical data.

3. RESEARCH RESULTS

3. 1. Test as a means of pedagogical measuring

A test is sometimes identified as a series of multiple-choice questions. We believe that
this definition of a test is inaccurate. The author considers a test as a means of pedagogical
measuring that is a tool that consists of a system of test tasks, rules for their application and
evaluation, and recommendations for the interpretation of test results. We define pedagogical
measuring as a process of matching between the estimated characteristics of students and the
empirical scale points in which the ratio between estimated performance properties is marked
by the functions of numerical series [10] (Fetisov, 2011, p. 37). Thus, test tasks appear to be
units of measurement, and students are characterized according to their knowledge and skills
at the time of completing the given test tasks. In this particular case, the students studying the
Programming Course were the object of evaluation. The score scale of the tested participants
is considered to be the result of measurement. The measuring tool is a test consisting of test
tasks, which, in their turn, serve as diagnostic properties in the process of pedagogical
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diagnosis. Thus, we consider a test task to be a test component that suits the requirements for
test tasks and has the required verification of statistical properties.

The tasks in the test form include those that meet the following requirements:
compliance with the purpose; pithiness; logical forms of expression; availability of the space
for answers; equivalence of the rules for evaluating answers; correct arrangement of the
elements of tasks; availability of uniform guidelines for all test takers; and congruence of the
instructions with the form and content of the task.

Empirical studies of the test based on the representative selection of test takers help to
evaluate the informativity of test tasks. That is, the test is formed by such a system of tasks,
which provides informative assessment of the level and quality of students’ training. Defining
the test as a means of pedagogical measuring shows the dependence of test informativity on
the characteristics of test tasks and on the level of students’ training.

3.2. Statistical justification of test results

Analysis of scientific literature on the processing of test results indicates the existence
of two major theoretical approaches to the construction and use of educational tests: one
based on the Classical Test Theory (CTT), and the other within the theory of latent-structural
analysis (IRT — Item Response Theory), also called methodology of the modern theory of
test design. There are professionals who clearly support one of the theories, but there are
those who divide the test preparation process into two stages. At the stage of accumulating the
test tasks, empirical data are worked out with the help of the classical theory, and at the stage
of results analysis IRT apparatus is used. The use of statistical parameters, which are
calculated using the classical theory of tests, is observed in the Moodle
system [16] (Andronatii, Bolilyi, Shlianchak, 2016, p. 55).

Therefore, we will explore some of the characteristics of test tasks using the classical
theory on the example of intermediate programming knowledge control among second-year
students in the field of Computer Science. The test offered to students contained 19 tasks of
the following types of test form: true/false statements, a short answer, multiple choice of one
correct answer, multiple choice of several correct answers, matching, built-in-answers,
random order of answers. The score for the test was formed as the sum of points received by a
student and was transformed by the system into a scale from O to 5.

To view the test results in the Moodle system and to conduct further analysis, it is
necessary to activate the "Test" activity and select the "Statistics" item in the block
"Administration" ("Test Control" — "Results" — "Statistics"), and then the table
"Information about the test" will open in the workspace of the window (Fig. 1). This table
displays the general information about the test. It should be noted that we have selected the
test which is not ideal. This was done deliberately to demonstrate the process of improving
the quality of the test and the test tasks.

We will present the information in the table and note in the parentheses the statistical
characteristics calculated by the system: the test name, the course name, the number of
complete graded first attempts (38), total number of attempts (38), the average grade of first
attempts (52.73%), the average grade of all attempts (52.73%), the average grade of last
attempts (52.73%), the average grade of highest graded attempts (52.73%), the median grade
(52.27%), standard deviation (14.78 %), the score distribution skewness (0.2373), the score
distribution kurtosis (-0.6686), the coefficient of internal consistency (47.89%), error ratio
(72.19%), and standard error (10.67%).

Let us characterize the obtained figures. The average grade is calculated as the average
estimate of all test takers. The average values characterize the figures where the observation is
concentrated, also called the central distribution tendency. Measures of the central tendency
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help in assessing the test quality under the condition of representativeness of the test
participants. It is believed that a good regulatory-oriented test ensures the normal distribution
of individual scores of a representative sampling of students if the average points are in the
center of distribution and other scores are around the average one according to the normal
law [14] (Chelyshkova, 2002, p. 232). This means that about 70% of the scores are located in
the center, and others are attracted to the edges of distribution.

The average grade of first, last and all attempts, as well as the average grade of highest
graded attempts — in case the students are given several attempts to pass the test, the quality
dynamics will point to the growth of the average score of the last attempts in comparison with
the first ones. Lack of progress can indicate that the students are not studying. The median is
the average grade result of the students tested. In other words, the median is the value that
divides the items of the ranked series into two equal parts.

Standard deviation is a measure of random variable value dispersion against its
mathematical expectation. This index is the square root of the dispersion, and is a very useful
measure of variation as it characterizes the change of value around the average result. Result
variations from 12% to 18% are considered normal. If the value is smaller, this means that the
grades are very close.

Quiz information

Last calculated 13 secs age there have been 0 attempts since then.

Recalculate now

Download full report as| Comma separated values text file ¥ Download

Quiz name Tecr 1
Course name Mperpamysarkqs

Number of complete graded first attempts 38

Total number of completz graded attempts 38
Average grade of first attempts 52.73%
Average grade of all attempts 52.73%
Average grade of last attempts 52.73%
Average grade of highest graded attempts 52.73%
Median grade (for highest graded attempt) 52.27%
Standard deviation (for highest graded attempt) 14.78%
Score distribution skewness (for highest graded attempt) 0.2373
Score distribution kurtosis (for highest graded attempt) -0.6686
Coefficient of internal consistency (for highest graded attempt) 47.89%
Error ratio (for highest graded attempt) 72.19%
Standard error (for highest graded attempt) 10.67%

Fig. 1. Information about the test

Score distribution skewness indicates the degree of deviation of the empirical
distribution from the symmetrical one, that is typical of the normal curve. If skewness is zero,
the test is considered to be well-balanced in terms of complexity. A negative or positive
skewness indicates a rather easy or complicated test, respectively. In our case, the skewness
score is positive and equal to 0.2373, indicating that the test is satisfactory in terms of
complexity. Thus, if the distribution skewness is positive, the majority of students received
grades higher than the average score; and if the distribution skewness is negative, the students
are below the average score.

Score distribution kurtosis points to the form of the peak of distribution. The curve with
a sharp peak has positive kurtosis, the curve with a flat peak has negative kurtosis, and the
curve with the average peak has zero kurtosis. In the example seen from Fig.1, the kurtosis
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value is -0.6686, which means that the test results are highly scattered around the average
score.

Coefficient of internal consistency makes it possible to evaluate the homogeneity degree
of the test tasks and their congruence with the test. This characteristic feature of the test is
closely related to the concept of test validity (validity of the test tasks, the testing procedure,
and the evaluation procedure), which is defined both by measurement parameters and
procedures and by the characteristics of the studied quality. Connections existing between the
test tasks can be detected during testing by means of correlation. If the test tasks have a
significant correlation with the test result and minimally correlate with one another
(ryy <0,3), the test reaches the maximum validity. High correlation of the test tasks indicates

that the test is overloaded with overlapping tasks (unequivocal tasks). If the value is below
64%, the test is unsatisfactory as such, and the validity of its tasks has to be reconsidered. The
test should approximate the level when each separate test task correlates with the test in
general and retains minimal correlation with other test tasks.

Error ratio indicates the value divergence of the studied quality, that is how some
students are better than the others and how many random variations are revealed. The smaller
the number of random variations, the better is the test. The values exceeding 50% are
considered unsatisfactory because they point to a higher degree of randomness in the test
result.

Standard error is the standard deviation of the grades obtained from repeated random
sampling. The less significant is the standard error, the more precise the score of the test will
be. If the value is considerably higher than 8%, it is quite probable that a large number of
students are assessed in a wrong way, and their grades do not reflect their knowledge.

Any deviation from the normal value means that each test task must be analyzed
separately and in detail. The Moodle system provides opportunities for a more detailed
analysis of the test structure and the statistical characteristics of each test task (Fig. 2). Let us
consider each of the elements from the table of test structure analysis.

Numbers of questions are unique numbers of test tasks. Test task type is presented as an
icon. Viewing and editing questions allows to look through and introduce changes to the
content of a test task. Also it should be noted that while viewing the question one can answer
it, send it for evaluation and get the result (this action may be done an unlimited number of
times). A short question name is a hyperlink that leads to a page with the analysis of answers
to the selected test task. Attempts indicator shows the number of answers to the test task.

Facility index shows the complexity of the test task and is calculated as the percentage
(the quotient) of correct answers. Only empirical indicators of complexity have been
considered in the classical theory of testing for many years. In modern test theories, more
attention is focused on the character of mental activity during the completion of different test
tasks.

Progress indicators are important for the successful use of tests. If a test has a lot of
complex tasks, its validity and reliability are reduced greatly. If a test has very simple tasks,
the test will be monotonous and ineffective. Therefore, complex tasks are those where the
success rate is below 20%, and in extremely simple tasks it exceeds 80%. In case of absolute
or zero task progress it is withdrawn from the test. If the value is 100%, a given test task is
very simple, so all the students give correct answers to this question. 0% value means no
students have given the correct answer, so the test task is too complex. In both cases, the test
task has to be removed from the test or reconsidered. A more detailed interpretation of the
progress index of a test task looks as follows: an extremely complex test task or an incorrectly
formulated task (0% - 5%), a very complex task (6% - 10%), a complex test task (11% -
20%), a relatively complex test task (20% - 34%), a test task of average complexity (35% -
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64%), a relatively simple test task (66% - 80%), a simple task (81% - 89%), a very simple
task (90% - 94%), an extremely simple task (95% - 100%).

Quiz structure analysis

Download table data as| Comma separated values text file ¥ Downioad

Question Facility Standard Random guess Intended Effective Discriminafion Discriminafive

o name Auejnpts index deviation scare weight weight in.dex efficiency
1E = . S 38 87.72% 26.19% 25.00% 4,55% 4.18% 20.79% 30.28%
2 e Ihrmesd 38 5.26% 22.63% 0.00% 455% 469% 35.48% 79.00%
R I 1 32.89% 40.73% 0.00% 18.18% 16.06% 23.13% 26.75%
S - B 38 90.79% 2471% 4.55% 422% 23.65% 40.88%
5 E e s 38 43.42% 35.20% 455% 2.41% 378% -403%
g Ea  lhrewm 38 76.32% 43.09% 33.33% 4,55% 7.23% 41.13% 57.98%
N S 0 38 50.53% 49.54% 33.33% 4.55% 7.28% 32.35% 39.62%
& Ea e 38 38.16% 31.70% 455% 4.89% 23.14% 25.78%
By IEEDEER 38 50.00% 50.67% 25.00% 455% B.0B% 4277% 55.05%

Fig. 2. Test structure analysis

Standard deviation should not acquire zero or low values because it demonstrates the
low differential ability of the test task. This task makes it impossible to distinguish students in
the group according to their preparation. Zero indicator of success will be shown if all the
students gave the same answer. A higher differential ability of the test tasks points to the
higher quality of the test. In accordance with the requirements of the pedagogical
measurement theory, the index of standard deviation must exceed or be equal to 30%. The
tasks where the index is below 30% are deleted from the test.

Random guess score is an average grade which could be expected if a student answered
the question at random. These assumptions are only possible for multiple choice tests. For
example, a multiple choice test task with one correct answer out of four suggested options
would have the random guess score of 25%. If there are five options of the answer, the
random guess score equals 20%.

Intended weight characterizes the weight of a test task as percentage out of the total test
score (all tasks may have equal weight). Thus, if the test tasks are intended to be of different
complexity, just as the expected score, the intended weight will also differ.

Effective weight of a test task is an indicator which is based on test results. An
absolutely successful task has zero effective weight. Discrimination index and Discriminative
efficiency (coefficient of discrimination) of the test task concern the characteristics that show
the ability of the task to differentiate students as worse or better. Therefore, a high rate of
discrimination is characteristic of a successful test which makes it possible to divide the group
of test participants into strong and weak students. The tasks with close to zero or negative
indexes (all the test participants from the strong group and all the members of the weak group
have given correct answers) are removed from the test. The task with an absolute
discrimination index value indicates that all the students from the strong group answered it
correctly, and the participants of the weak group gave wrong answers. The literature on
educational measurements suggests the following interpretation of discrimination index
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values: the task functions satisfactorily (D ;2 40%); the task needs a slight correction or there

is no need to improve it (30% < Dj < 39%); the task must be reviewed (20% < Dj < 29%);

the task should be removed from the test or paraphrased completely
(D ;S 19%) [12] (Avramenko, 2007, p.144). Discriminative efficiency as opposed to
Discrimination index is more effective for determining the quality of tests. The discriminative
efficiency index accounts for all the results of the test participants rather than just the results
of the strong and weak groups.

Comparison of the facility index and the discriminative efficiency can be represented
graphically as seen from Fig. 3.
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Fig. 3. The bar graph comparing facility index and discriminative efficiency

The teacher can save the table with the test results for further use and analysis. To do
this, one should choose the file format in which the data will be downloaded.

4. CONCLUSIONS AND FURTHER RESEARCH

In the process of thorough analysis of Ukrainian and foreign scientific literature on the
research problem, it was found that most users of LCMS Moodle (course authors, lecturers)
pay attention to methods of creating test tasks and questions while preparing the materials of
the course, but do not examine them for compliance with the test standards. The scientific
research suggests the ways to collect empirical test results, the review of mathematical and
statistical data processing, and the interpretation of results.

The study results confirmed that the analysis of the test tasks constructed in the Moodle
system is an effective and optimal way to monitor the quality of prepared tests. We managed
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to identify the stages of improving the test: analysis of the test in general; defining statistical
characteristics of each test task; making a decision on editing or deleting a test task from the
test; analysis of answers to each test task. Judging from what has been mentioned above, the
introduction of testing on the basis of the Moodle system allows to objectively identify the
students’ academic achievements and significantly increase control effectiveness.

In the process of determining the statistical characteristics of a test, it was proposed to
graphically analyze the obtained data and present them in the form of bar graphs. Our
personal experience suggests that it is convenient to save the test results in a separate file for
further analysis of the data.

It seems prospective to study the possibilities to improve the assessment of students'
academic achievements using other theories for analyzing test results, the IRT in particular.
Interpretation of the statistical characteristics provided by the system is an impetus for an in-
depth study of the issues related to educational measurements.

The article refers to the test results obtained while teaching the "Programming" course,
which can be viewed with guest access on the Moodle CSPU website
(http://moodle.kspu.kr.ua/course/view.php?id=89).
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AHOTamiss. AKTUBHEC BIPOB3/PKCHHS B OCBITHIM MpoOIEC CUCTEM YOpPAaBIiHHA HaBYAHHIM
nepeabadae peanizalilo aBTOMAaTU30BAaHOTO KOHTPOIIO PIiBHS MIiATOTOBKH CTYJCHTIB. Y TaKUX
YMOBaX BiIKPUBAETHCS MOXIIMBICTh BUBUCHHS BOYJIOBaHMUX 3aCO0IB, sIKi MOXKHA BUKOPHCTOBYBATH
JUIL  OLIIHIOBAaHHS SIKOCTI TECTOBHX KOHTPOJIbHO-BHMIPIOBAIBHMX MaTepiaiiB. Y  CTarTi
MIPEICTaBICHO OTJIS BOYJOBAHUX MOXKIUBOCTEH crcteMu Moodle 11t mpoBeieHHs aHai3y TeCTy
3a CTATUCTUYHUMHU XapaKTepUCTUKaMu. JleTanbHO pO3riIsiHyTO poOoTyY 3 MoayieM «CTaTHCTHKA».
ITokazano menparoriuHuii moTeHIiaT BOyaoBaHUX MexaHi3MiB LMS Moodle Ta ix BUKOpUCTaHHS B
Teopii OCBITHIX BHMipIOBaHb. PO3MISHYTO KITIOYOBI (YHKIIIOHAIBHI acCMeKTH, SKi HEOOXiTHO
BpaxoBYBaTH Yy TPOIECi BJOCKOHAJICHHS TECTOBHX 3aBJaHb 1 MiABUIICHHS iX sSKOCTi. Po3kpuro
3MICT MOHATH: CepPelHs OIiHKA, MeiaHa, CTAHIAPTHE BIIXWICHHS, aCUMETPis pO3MOILTY, EKCIEC
po3moiny, Koe(illieHT BHYTPINIHBOI Y3TOJKCHOCTI, CIiBBIJHOIICHHS ITOMHJIOK, CTaHIapTHA
noMmiKa. TakoX OXapaKTepU30BaHO, SK IHTCPIPETYBATH TaKi IMOKA3HUKU: YCHIIIHICTb,
CTaHJApTHE BiJXWICHHS, OI[IHKA HABMAHHS, NPU3HAYCHA Bara, c¢()CKTHBHA Bara, pO3pi3HCHHS,
e(eKTUBHICTh PO3PI3HEHHS. Y CTATTi OyJI0O BUKOPHCTAHO J[aHi MPOBEICHOTO TECTYBaHHS CTY/ICHTIB
y kypci «[IporpamyBaHHS», SIKHii MOXHA TEPEIISHYTH B TOCTHOBOMY JOCTYIl Ha caiTi
Moodle LIAITY.
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AHHOTaUMA. AKTHBHOE BHEJIPEHHE B 00pa30BaTEIbHBIN MPOIIECC CUCTEM YIPaBIeHUsT 00yIeHUEM
MpeayCMaTPUBACT Pea3aIHi0 aBTOMAaTH3UPOBAHHOTO KOHTPOJISI YPOBHS HMOATOTOBKH CTYICHTOB.
B Takux yciIoBHSX OTKPBIBAETCS BO3MOXKHOCTH M3YUEHHUS BCTPOSHHBIX CPEICTB, KOTOPBIE MOYKHO
WCIIONB30BaTh U OLEHKM KadecTBa TECTOBBIX KOHTPOJIBHO-M3MEPHUTEIBHBIX MaTepuanoB. B
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CTaThe TpEACTaBICH 0030p BO3MOXKHOCTeH cucteMbl Moodle /it mpoBeneHNs aHANIKU3a TECTa Mo
CTaTUCTHYCCKUM Xapakrepuctukam. [logpoOHO paccMoTpena padota ¢ MoayiieM «CTaTUCTHKA».
ITokazano megarornaecKuii MOTEHIIHAN BCTpOSHHBIX cpencTB LMS Moodle n ux ucnons3oBaHus B
Teopun 00pa3oBaTENbHBIX H3MEpPeHHNA. PaccMOTpeHb OCHOBHBIC (DYHKIIMOHAIBHBIE ACTIEKTHI,
KOTOpBI€ HY>)KHO YYHTHIBaTh B MPOIIECCE YCOBEPIICHCTBOBAHMS TECTOBBIX 3aJlaHU M MOBBIIICHUS
WX KadecTBa. PackpblTo cojaep)kaHWe TIOHATHH: CpemHsAs OIeHKAa, MeAWaHa, CTaHIapTHOE
OTKJIOHEHHE, aCUMMETPHUS paclpeesieHus], SKCIECC pacnpeneneHus, KodPQPUIMeHT BHyTpeHHEH
COTJIACOBAaHHOCTH, COOTHOIIEHWE OIMUOOK, CTaHAapTHas omuoOka. Takke aKIEeHTHPOBAHO
BHUMaHUE Ha HHTEpIpEeTalMy TakuX IOoKazaTesied: yCIeBaeMOCTb, CTAaHAAPTHOE OTKIOHEHHUE,
OIICHKA Hayraj, Ha3HAa4YCHHBIH Bec, 3(pQeKTuBHBIN Bec U Ap. B craTthe MCHONB3YIOTCS TaHHEIC
MPOBEJICHHOTO TECTUPOBAHUSI CTYIEHTOB B Kypce «lIporpamMmmupoBaHue», KOTOPBIM MOXHO
MPOCMOTPETH B TOCTEBOM JocTyne Ha caiite Moodle LITTIY.
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