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Abstract. The article deals with the problem of ensuring the objectivity of the
pedagogical control of results of the academic activity of students. One of the
leading modern means of pedagogical control in educational institutions of
higher education is pedagogical testing, carried out with the help of information
and communication technologies. In K. Minin Nizhny Novgorod State Peda-
gogical University for the implementation of effective educational activities in
the main areas of implementation and training profiles for students, the electronic
educational environment LMS Moodl has been used. The authors of the article
consider the electronic educational environment of LMS Moodl to be an effective
tool for creating control and measuring materials for assessing the results of the
learning activity of students. The article reveals the possibilities of this electronic
environment for the creation by teachers of the university of electronic educa-
tional materials, means of control, including pedagogical tests. The article
describes the algorithm for creating parallel forms of electronic tests based on the
tool capabilities of the electronic resource of the LMS Moodl environment. The
authors of the article suggest using “random questions” to create parallel
(multi-variant) forms of tests. “Random questions” are added to the test directly
at the design stage and regulate the inclusion of a specific task from the e-course
issues bank in this question. In addition, the authors give the results of an
experimental study of the effectiveness of the use of electronic tests created in the
electronic environment of LMS Moodl based on parallel forms of the test.
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1 Introduction

At present, large-scale optimization of the work of higher educational institutions of
Russia is being carried out. A well-developed information and communication tech-
nology’s (ICT) infrastructure is being formed, and a massive increase in the
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qualification of higher school employees is in parallel. Teachers of higher educational
institutions more and more successfully use electronic educational resources in the
educational process.

According to the latest regulatory documents of the education system, computer
(electronic) testing is defined as pedagogical testing using a computer running a special
program that is designed to provide the required presentation of test questions and the
necessary processing of test results.

The importance of electronic testing in the learning process can not be overesti-
mated. The main advantages of electronic testing include: The ability to simulate test
tasks; Efficiency of evaluation; Objectivity of evaluations; Possibility of reflection,
feedback from students; Ease of use [3, 4].

2 Theoretical Basis of the Research

The problem of designing pedagogical tests is considered in numerous studies of
domestic [1, 9] and foreign authors [2, 4, 10]. The electronic educational environment
of LMS Moodle includes a rich arsenal of various tools for the creation of test, control
and measurement materials for evaluating the learning outcomes of students. The main
element in LMS Moodle for testing knowledge of students is a test that allows the
teacher to ask different question formats and ways of selecting answers.

The environment of LMS Moodle has a great potential for creating test tasks of
different types, types and forms of presentation. This electronic environment makes it
possible within the course to create a test and to set up a system for evaluating the
answers of students for certain learning tasks. In order to fully realize these opportu-
nities, the teacher needs to devote a lot of time to the process of designing assignments.

On the available tools of the LMS Moodle environment, the teacher can prepare a
bank of test tasks according to his electronic course [3, 8].

Using these tools, the teacher - the author of the electronic course can make a test
task of any complexity, focusing on the level of student preparation and specific
training tasks: From simple tests containing popular and original types of answers, to
complex test tasks that combine several questions.

When creating test tasks in the LMS Moodle environment, it is required to dis-
tinguish the functions of such elements of the electronic environment as the “Test
Tasks Bank™ and “Test”. Function the questions bank cumulates all the test tasks of this
course, allows the teacher to systematize and manage certain volumes of test questions
of the electronic course on discipline, and provides access to test tasks from published
categories of questions of other author’s courses.

The test is an element of the electronic course, with which the learner directly
works, he contains a certain set of test tasks collected in a certain order.

In modern studies, the term “Pedagogical test” is considered as a representative
pedagogical system of test tasks of increasing difficulty, a specific form, which allows
qualitatively evaluate the structure and measure the level of preparedness of subjects [5].

Tests used to evaluate the results of training activities should have several options
[1]. Since, this makes it difficult to write-off and guess during the control event, which
makes it easier to conduct simultaneous testing of large groups of students. In addition,
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one of the test quality indicators is the reliability of test results, which in practice is
usually considered as a test characteristic reflecting accuracy of test measurements, and
the stability of test results to the action of random factors [9].

The problem of determining the reliability of tests and test tasks is considered in the
studies of Russian [1, 9] and foreign authors [4]. Reliability is often defined as a
measure of the correlation between two parallel test cases. Therefore, ideally, we
should try to make several variants of the test, and for this, different versions of the
same task must be developed.

When developing parallel forms of tests, experts recommend using a facet, the
so-called special form of recording several variants of the content of the same test task.
This principle is fundamental when creating parallel tests.

Theoretically, before control activities with the help of the developed test, it is
necessary to test for a separate sample of students with a minimum of 100 people in
order to reject poorly performing tasks. This stage (it can be termed as a “test
approbation”) is mandatory in the preparation of test tasks and the construction of tests.
However, in the conditions of the educational process, most often the empirical testing
and testing of the test is carried out during the training on the first group of students.

The correctness of each pre-compiled test task (question) can definitely be indicated
only by the results of an empirical study. Only after carrying out an experimental check
of the test results and their statistical processing is the conclusion about the validity and
reliability of the test results. Domestic experts note that in this case it is necessary to
talk about the validity and reliability of the test results, and not the test itself [1].
Transformation of tasks in the test form into test tasks begins with the moment of
statistical check of each task for the presence of test-forming properties. Each task,
before becoming a test, must go through a stage of statistical and test case study.

The electronic educational environment LMS Moodle has a certain set of tools for
assessing the quality of developed tests. Element of the course “Statistics” allows the
teacher to easily determine the effectiveness of the created test tasks. This procedure
becomes possible only after the trial testing of students using the created test. The
process of empirical evaluation of test quality and test tasks is described in sufficient
detail in the domestic scientific literature [5].

The main indicators of the effectiveness of the developed tests in the electronic
environment of LMS Moodle are standard deviation, the index of differentiation and
the coefficient of differentiation.

(1) Standard deviation: The indicator reflecting the scatter of points that the students
received when answering a certain test question. In the event that all students
respond to the assignment in the same way, the scores will be zero. This result
indicates that this task is not a test task and, therefore, should be excluded from
the test.

(2) The index of differentiation: Is a coefficient of discrimination, that is, an indicator
of the ability of each specific task to separate the best students from the worst.
This index takes values between +1 and —1. In the event that a differentiation
index with a negative value is obtained, it means that the subjects from the strong
group answer this question better than the strong ones. Such test tasks should be
discarded, since they actually reduce the accuracy of the entire testing procedure.
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3) The coefficient of differentiation: The second way to measure the ability of a
particular test task is to differentiate between strong and weak subjects. This
parameter can also take values between +1 and —1. This coefficient shows the
relationship between the results of the students performing the test as a whole and
the answers received by the subjects in the performance of a specific task.

In the event that the values of this coefficient have positive values, it means that the
used test tasks do differentiate the trainees with high and low level of preparation.
When the coefficient takes negative values, this circumstance indicates that poorly
trained students respond to these test tasks better than well-prepared ones. Similar tasks
with a negative value of the differentiation coefficient can not be called test, since they
do not meet the basic requirements of testing tasks related to the assessment of the level
of student preparation. Such tasks should be excluded from the test.

The coefficient of differentiation is more sensitive for detecting the effectiveness of
the measuring ability of test questions in comparison with the index of differentiation.
The advantage is that the former uses the data of the whole set of learners, and not just
the results of more successful and less successful students.

The pedagogical test is a system of tasks assembled in a certain way, each of which
is necessary for performing a test of its function. Removing at least one job from the
test system results in a space in the list of tested knowledge, which reduces the quality
of measurements. To increase the accuracy of the measurement, the test uses the
location of the test tasks (questions) in order of increasing complexity. The test includes
the minimum number of tasks necessary to obtain accurate results.

3 Methodology of the Study

The purpose of the study was to theoretically substantiate and develop a technology for
assessing the quality of training of university students using multivariate (parallel)
forms of tests and experimentally test the effectiveness of implementation.

Two electronic courses developed in the electronic environment of Moodl, existing
on the basis of the University of Minnesota, participated in pilot test: “Cutting of
materials”, “Fundamentals of technical creativity”. Electronic courses in these disci-
plines have been used in e-learning practice for more than two years. In addition, test
tasks from the banks of questions of these courses were preliminarily tested and
adjusted.

For the experiment, two parallel tests were developed for each course: Experi-
mental and control on certain topics of the course with the same number of tasks and
the same difficulty for the intermediate control of students’ knowledge. The tasks in the
test were selected open and closed: The question with a short answer, the question of
multiple choice, the question of correspondence, the question of restoring the sequence,
the tasks of the experimental and control tests were not duplicated, but in form of
presentation, content and difficulty were equivalent. The questions in the tests were
arranged according to the degree of difficulty increase, the function of mixing questions
in the test was turned off.
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These tests contained 30 questions. The time for electronic testing was laid in the
program and was 30 min.

Each question was rated at 1 point; therefore, the maximum possible score is 30,
which corresponds to 100% of the performance.

At the end of the time provided for testing, LMS Moodl automatically completes
the testing process and displays the number of points and the final result in the form of
% completion of the submitted tasks on the monitor screen. The student had the right to
finish testing before the expiration of the given time.

The control tests for each subject were the same and had no options. The con-
struction of experimental tests for each discipline had goal creation of a multivariate
means of control, which ensures the objectivity and reliability of the results of the
evaluation.

In order to prepare multivariate (parallel) tests with several presentation options for
the test subjects, the LMS Moodl program was used to develop the tests, namely,
creating a test task in the “body” of the test in the form of a random question. These
random questions do not have their own content, they do not contain the text of the
assignment and the answers. Random questions added to the test directly at the stage of
constructing the test, perform a “programming” function that regulates the inclusion of
a specific task from the e-course issues bank in this question. To ensure that the
function “add a random question” is included in the content of the test. Questions are
created in the questions bank in which categories the questions of a certain content and
form are cumulated, to which the program applies while creating a random question.

In the course of the research, an algorithm for creating a multivariate (parallel)
electronic test was developed, which includes the following steps:

(1) The allocation of a module containing the subjects of the discipline subject to
control;

(2) The content of each topic is divided into separate educational elements - didactic
units. Didactic units are the minimum units of discipline content, which are
usually oriented to one or another educational task. This educational problem can
be connected with science (phenomenon, information, hypothesis, proof, theorem,
axiom, experiment, fact, knowledge, theory, principle, method of research, etc.) or
practice (skill and an indicative basis of activity, etc.);

(3) The specification of the test is developed, the number of test tasks for each
training element and the test as a whole (the length of the test) is determined;

(4) Each test task (initial), according to the principle of facetedness, is created in
several variants;

(5) In the questions bank, categories are created according to the number of test tasks
(initial), these categories can be combined into larger categories according to the
developed educational elements of the module topics;

(6) Test tasks created by the principle of facetedness are stored in categories
(subcategories);

(7) The test is constructed by the way of adding a random question to the “body” of
the test; when creating the question, a subcategory with a set of facet test tasks is
indicated;

(8) The test settings for electronic testing are carried out.
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The values of the standard deviation, index and coefficient of differentiation were
taken into account when assessing the effectiveness of test tasks (questions) in the trial
testing. In the trial (preliminary) testing, mainly students studying in the field of training
“Pedagogical education” and “Operation of transport-technological machines and
complexes”, who work in the considered electronic courses of disciplines, took part.

In the experimental and control tests, only those test tasks were included, according
to which the index values and the differentiation coefficient were not less than 0.3. Test
tasks with lower or negative values of the index and differentiation coefficient, as well
as assignments with the value of the mean square deviation close to zero, were rejected
and not included in final versions of the tests.

4 Analysis of the Results of the Study

When processing the test results for control and experimental tests of e-courses, the
indicators were used, which were determined using the electronic system LMS Moodl,
namely the average score and the median estimate of the milestones (see Table 1).

Table 1. Results of testing based on the use of control and experimental tests

Criteria OTT Course | Course

CT |ET |CT |ET
Average rating from all attempts (%) | 72.38 | 55.07 | 76.42 | 59.31
Median score for all attempts (%) 76.67 | 58.00 | 79.05 | 60.87
Scale of points 183 |23.1 |16.2 |20.8

The study showed that the distribution of the results is not symmetrical for both
control and experimental tests, the average value of individual scores deviates to the
right from the middle of the scores, counting from 1 to 30, which indicates a certain
ease of the tasks of the tests being analyzed. In addition, the test tasks of the control
tests were easier for the students.

At the same time, the average score based on testing results using experimental
tests of all e-learning courses is closer to 50% in value than in control tests. This
circumstance testifies to the reliability of the test measurements [9].

The difference between the maximum value of the primary score and minimum
value is called the scores of the subjects. Other things being equal, the best test is the
one whose scores are higher. In this connection, the results of testing with the help of
experimental tests are more reliable than the results of control tests compiled in dif-
ferent electronic courses of disciplines.

Thus, the study showed that in the process of monitoring the results of training
activities of students it is more effective to use electronic tests created on the basis of
random questions, which increases the objectivity of control and reduces the proba-
bility of copying. The electronic educational environment LMS Moodl has sufficient
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capabilities for the development of multivariate (parallel) forms of tests that facilitate
the implementation of control measures to assess the learning achievements of students.
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