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Abstract

Computer-based testing of humanities students has some inconveniences and dif-
ficulties, where the whole learning process is practically based on communicative
methods. In this regard, one needs such a testing system, which would allow one
to ask open-ended questions, and students would be able to enter detailed answers.
Despite the popularity of using the shingle algorithm in determining plagiarism,
few researchers have attempted to use it in assessing the academic achievements
of students. In this regard, the aim of this study was to develop an intelligent test-
ing system based on the shingle algorithm in assessing the academic achieve-
ments of humanities students. Taking into account that during testing humanities
students will formulate answers of their own understanding, the developed system
should be able to determine the degree of their identity to the correct answer. At
the same time, answers with a high degree of correspondence to the answer stored
in the dictionary should also be entered in the database as one of the variants of
the correct answer. The shingle algorithm, stemming, and MD35 hashing algorithms
were used to achieve this goal. The performance of the algorithm was evaluated in
terms of degree of matching (S), completeness (P), F-measure and performance
(t). The experiment involved 120 humanities students in 2-3 courses at the age of
18-20 years, including 80 girls and 40 boys. It was found that the effectiveness of
the developed algorithm is achieved at the optimal time t=77% and the degree of
compliance of the final grade F=77%. In this case, the final score of the F-measure
fully reflects the result at the proportion of truthfulness equal to 0.5 and is directly
proportional to the degree of compliance (S) and completeness (P) of use. It is found
that a high value of the matching degree (S) is achieved with a smaller shingle
length, while with a larger shingle length the matching degree decreases, thus, the
probability of finding the same phrase in two documents increases. In addition, with
smaller shingle lengths, the time spent calculating checksums is longer, and with
larger shingle lengths, the time spent calculating checksums is shorter. Calculations
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showed that the optimal shingle algorithm efficiency was at the length of the shin-
gle N=5 of the average data processing time. The results of this study show that
the developed algorithm can be included in pedagogical practice in order to objec-
tively assess the learning achievements of humanities students, taking into account
their communicative and cognitive abilities. In the future, the developed algorithm
can also be used in other areas requiring text analysis, in particular for checking
plagiarism.

Keywords Efficiency - Intelligent system - Knowledge assessment - Open testing -
Quality - Shingle algorithm - Testing

1 Introduction

An intelligent testing system development based on the shingle algorithm is pri-
marily associated with global digitalization, the COVID-19 pandemic, which deter-
mined the widespread introduction of information and communication technologies
(hereinafter referred to as ICTs) in the education system, as well as the difficulties
and inconveniences of assessing humanities students’ learning outcomes based on
computer testing (Onyema et al., 2020). At the same time, despite certain chal-
lenges, computer testing makes it possible to quickly determine, evaluate, analyze
and systematize the knowledge of a large number of people (Seree et al., 2021).

In pedagogical and methodological literature, the concept "learning achieve-
ments" is understood as a result of learning, which indicates the progress of a per-
son in the learning activity, the desire for self-improvement and self-development
(Napora, 2021). According to this, learning achievement tests are sometimes also
called tests of motivation for success (Serrano et al., 2022).

Therefore, in the study, the concept of "learning achievements" is the success of
the learner achieved as a result of mastering knowledge, skills and abilities in aca-
demic subjects.

Science provides enough evidence that computer testing is especially effective in
assessing technical students’ achievements rather than those of humanities students
(Kovalev et al., 2017; Melnyk et al., 2019). This is explained by the fact that in tech-
nical specialties the solution of any problem is always reduced to a specific value,
which facilitates the process of computer testing (Mejia et al., 2019). In the humani-
ties, it is difficult to reduce the solution of a problem to a precise answer. This is due
to the specifics of humanities disciplines, where the entire learning process is practi-
cally based on communicative methods (Lo & Tang, 2020). Application of which
is focused on forming a culture of speech, the ability to conduct a constructive dia-
logue, skills of persuasion, argumentation, so that in the future humanities gradu-
ates could be in demand in the labor market and most effectively build their profes-
sional activities (Cabaleiro-Cervifio & Vera, 2020; Uvarina et al., 2017). Therefore,
very often in humanities disciplines questions are debatable, to which there may be
several correct answers, depending on the subjective opinion of the student, his/her
worldview, etc. Except for primitive questions like "What?", "Where?" and "When?"
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(Benlahcene et al., 2020). However, the control of learning achievements of human-
ities students cannot be reduced to how accurately students remember significant
dates, specific facts or wording of any definitions (Putra et al., 2020).

Modern studies show that tests based on open-ended questions ("Why?",
"How?") ensure complete assessment of humanities students’ academic achieve-
ments (Akcanca & Cerrah Ozsevgec, 2018; Gardiner, 2020). For this purpose, many
different modern computer-based testing systems are used in the educational pro-
cesses of universities, helping to improve the quality of computer-based testing of
students’ academic achievements (Liu & Geertshuis, 2016).

The analysis of computer systems used in the educational process to assess the
progress of humanities students has shown that the most popular in Kazakhstan uni-
versities are computer systems such as Moodle and INDIGO.

The popularity of these computer systems is due to the fact that they have a flexi-
ble system of test configuration, which allows one to use different types of questions,
make a random selection of questions, which reduces the possibility of "cheating"
and contributes to a more objective assessment of student knowledge. In addition,
they set up tests with the ability to set test time, use drawings, multimedia, hints, the
ability to return to the answer question and fix it, etc. These systems allow one to
structure tests by level of difficulty, which allows one to individually assign specific
tests to specific students depending on their level of academic achievement (Saw
et al., 2018).

In the systems themselves, it is possible to use the following types of test ques-
tions: choice questions (answer from a set of options), matching questions, questions
to establish the correct sequence and the questions of the open form or addition,
questions with multiple choice of correct answers, multi-level tests (Suradi et al.,
2018).

In this case, despite the variety of questions used in computer testing, they are
all based on a simple algorithm that determines "right or wrong" given answer, in
accordance with the standard answers that have been entered in the database. The
use of this method reveals obvious shortcomings in the form of inability to take into
account the communicative and cognitive skills of students taken into account when
testing offline, which contradicts the very goals of teaching humanities professionals
(Eunice & Cosmas, 2020).

These shortcomings of computerized testing of humanities students became par-
ticularly acute during the COVID-19 pandemic. Studies have reported a decrease in
students’ academic achievements (Radu et al., 2020). Among the negative factors
affecting the results of students’ learning achievements are the use of technological
applications in the educational process, which did not meet the needs of students, as
well as the non-compliance of computer testing systems to the learning strategies of
professional training specialists (Rahman, 2021).

The above circumstances prompted the authors to develop an intelligent test-
ing system based on the shingle algorithm in assessing the learning achievements
of humanities students. The choice of the method of shingles is due to its effective
property of checking the texts in the document for identity (Veisi et al., 2022). Con-
sequently, the modification of the shingle algorithm will allow one to determine the
degree of correspondence of the expanded answers of humanities students to the

@ Springer



Education and Information Technologies

correct answer. At the same time, given that students’ answers will be formulated
in terms of their own understanding, applying different phrases and sentences, the
algorithm should be able to recognize synonyms and not to remove those particles
that can distort the correctness of the answer. Accordingly, the repository database
of correct answers should not contain short standardized answers.

1.1 Setting objectives

Difficulties in assessing and analyzing humanities students’ knowledge determined
the purpose of the study: to develop an effective intelligent testing system based on
the shingle method to assess humanities students’ learning outcomes.

In this regard, the following tasks have been set:

1) to create an intelligent testing system based on the shingle algorithm which finds
correct words in the text;

2) to evaluate and analyze the results obtained, as well as to compare them with
various system parameters;

3) to determine the highest system effectiveness based on the shingle algorithm.

1.2 Literature review

Today researchers around the world thoroughly consider the use of "artificial intel-
ligence" (Al) in education (Taguma et al., 2018). Al role in learning is considered
as one of the varieties of human interaction with the computer; and the possibilities
are revealed, which are aimed at creating adaptive learning systems that simulate
the operational teacher-student dialogue (LaFreniere & Shannon, 2021). Basically,
in scientific studies, the Al use in student knowledge assessment is presented in the
form of a model containing two modules: a student and diagnostic tools. The first
module includes student information: previous academic achievements; skills, inter-
ests, and needs while the second module contains a test, as a result of which the
information in the student module is updated and changed (Blaylock, 2019; Dhav-
ala, 2018; Kurzaeva & Chusavitina, 2019). It is known that each student masters
learning material in their own way depending on the abilities, cognitive develop-
ment and many other factors (Ashok, 2020; Baimukhambetova et al., 2016; Iliichuk
& Vorobets, 2020). Therefore, the use of Al in learning is effective as it is more
adapted to the individual psychological characteristics and development level of the
student (Ly et al., 2021).

In this context, artificial neural networks (ANN) are widely used to model and
monitor students’ cognitive development, as well as to identify students with com-
mon characteristics (Petchtone & Chaijaroen, 2012). Thus, the Cogito software has
been designed to assess students’ critical thinking skills, to determine academic
achievement patterns, and compare them with intellectual development models
(Zgurovsky & Zaychenko, 2016).

The NEFCLASS system developed based on artificial neural networks (ANN)
has confirmed its effectiveness in predicting applicants’ progress. The system was
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tested by comparing the results of students’ entrance exams with their learning
achievements (Ivanova & Zlatanov, 2019b). Moreover, based on neural networks,
an algorithm has been developed to predict the joint coping of stressful situations
between parents and students in order to further maintain their emotional stability in
the learning process (Dialani, 2019). Particularly important for the quality of higher
education is the research on the use of neural network to study the needs of students
in the educational process, in order to adapt the educational program of the univer-
sity to them (LaFreniere & Shannon, 2021).

The advantage of fuzzy logic, which models human decision-making, is the most
in-demand in the education field to reliably demonstrate expert knowledge (Ivanova
& Zlatanov, 2019a; Pillay, 2020). A valuable tool to address these problems is
genetic programming based on the biological evolution principles, namely the
Darwinian survival of the fittest. In addition, genetic programming in education is
widely used in robotics (Okewu et al., 2021). Reliability of algorithms based on the
genetic approach is provided by the possibility to apply analogues of already exist-
ing solutions, which guarantee error-free, unbiased evaluation of students’ learning
achievements (Airoboman & Ogujor, 2020). At the same time, the use of algorithms
in computer testing of students’ learning achievements, regardless of the specifics of
the academic discipline is carried out only by matching "knowledge image" (educa-
tional information is primary). All other information is not considered. Any infor-
mation to be used in the test tasks must be represented by a certain amount, calcu-
lated using the conditional unit of educational information (Xu, 2015).

A student performance assessment system developed based on Bloom’s taxon-
omy has been recognized in education. It contains three large components: process-
ing survey results, correlating students by their performance, and systematizing cor-
rect answers. The system effectiveness was demonstrated by the performance of 100
high school students in mathematics; the results were confirmed by cognitive sci-
ence experts (Nykinen, 2006).

The use of a fuzzy system in higher education makes it possible not only to pre-
dict student performance but also improve the quality of education by preventing
great learning gaps and providing timely assistance to students when needed. This
has been confirmed by the study conducted among mathematics students at the
Tampere University of Technology (Finland) (Rivera et al., 2018).

Among the numerous automated academic performance assessment systems,
there is a special subgroup of information systems based on the Rasch model, which
are widely used in education (Bond, 2010). However, when processing psychologi-
cal tests, the accuracy is not high, but it is possible to process the results on a large
number of scales.

The main characteristics of systems developed based on the Rasch model are as
follows:

1. Qualitative indicators are measured by quantitative methods, which makes it pos-
sible to use a large number of statistical processing methods.

2. The complexity of test items is not determined by the respondent sample and
the assessment of the individual psychological qualities of respondents does not
depend on the test items given.
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3. The combination of data (respondent—test item) is not critical.

In education, Rasch-based systems basically consist of two main components.
These are the level of student achievement and the degree of test item com-
plexity that is aimed at identifying the relationships between these parameters
(Chang et al., 2021). However, there are quite serious shortcomings of such sys-
tems, which include the need for the ability to perform complex statistical calcu-
lations, as well as the lack of test validity and reliability. Given these difficulties,
the researchers modified the Rasch model, which provides virtually objective
estimates of element parameters (Steinfeld & Robitzsch, 2021).

In education, systems developed based on the shingle algorithm are quite
common. They are mainly used to check a text for plagiarism (Rzheuskyi et al.,
2019). The idea of this method is to fix the step of various sequences of closely
spaced words. Fixing various word sequences occurs in several stages: text can-
onization; splitting the text into shingles; determination of checksums; search
for identical documents.

The most popular modification of this method is the super shingle method
(Sharapova & Sharapov, 2019), which makes it possible to very quickly detect
a borrowed document. It is used in such famous search engines as google or
nigma (Brimzhanova et al., 2019). Other super shingle method variations are
methods using the IMatchsignature and keyword methods. The operation of
anti-virus software and intrusion detection systems is mainly based on the first
group of methods. The algorithm lies in the fact that when viewing any file or
document, IMatch fingerprints are determined. When there is a signature match,
the text being checked is considered plagiarism. At the same time, this method
has a serious drawback that has been noted by many users: a minor change in
the text leads to unstable indicators (Shakhovska & Stepashko, 2017). The key-
word method is based on lexical principles, that is, the use of pre-developed
keywords. This method is very effective in the search for text borrowing despite
the complexity of its implementation (Hrkdt et al., 2019).

In modern research to detect borrowings it is proposed to use algorithms
based on the classical principles of information retrieval, such as the use of Jac-
card’s similarity function (Anuradha et al., 2021), the method of hierarchical
clustering (Lutsenko, 2017), the use of which can achieve good results even in
texts that use synonyms and the presence of spelling errors.

Thus, the analysis of international studies devoted to the intelligent system
development for assessing students’ achievements showed a wide range of dif-
ferent systems and algorithms. However, despite numerous studies in this area,
many aspects have not been properly studied. In particular, there are limitations
on the shingle algorithm application, which is mainly used to determine the
uniqueness of documents. In this regard, to expand the capabilities of this algo-
rithm and to increase the efficiency of computer testing in humanities education,
it was decided to develop an intelligent system for assessing and monitoring stu-
dent knowledge based on the shingle algorithm.
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2 Methods and materials

The study took place from December 2019 to June 2020. The algorithm was tested
at [BLINDED] University and [BLINDED]. The experiment used a random sample
of humanities students, where the only selection criterion was to study in humani-
ties education programs, in which open-ended questions were required in testing.
As a result, the following students took part in the study: second-year and third-
year humanities students (rising teachers, lawyers, philologists) taking their winter
and summer examinations. A total of 120 respondents took part in the study. Their
average age was 18-20 years old; there were 80 girls and 40 boys. The sample selec-
tion criterion was humanities profile which requires testing based on open-ended
questions.
The empirical study was carried out in three stages:

Stage 1 - an intelligent testing system development based on the shingle
method to assess humanities students’ academic achievement. The main meth-
odological approach chosen in the study is the method of fuzzy logic, which
allows one to find data based on the incomplete matching of texts and assessment
of their relevance—a quantitative criterion of similarity.

Stage 2 - algorithm effectiveness evaluation. At this stage, calculations were
made to determine the importance of the final F-measure on the example of a sin-
gle test item. A series of experiments (100 tests) was carried out. The tests were
checked both automatically and manually by the examiner. Next, the developed
algorithm was tested in the context of various system parameters (shingle length).
For this, two test suites were created. The first test suite was created based on the
data included in the knowledge base of the intelligent system at Pr; = 268 words.
The second test suite was entered by a user at Pr = 237 words. When comparing
the test suites, different system parameters were run.

Stage 3 - determination of the highest algorithm effectiveness. At this stage,
an experimental comparison of the test samples was made based on a single test
item and a series of different questions for 120 users. The optimal hashing time,
the F-measure precision, and the shingle length were revealed.

For this, the following methods were used:

1. The shingle algorithm is the shingles composed of word subsequences. When
implementing this method, a text modified according to certain rules (text nor-
malization, token normalization, splitting the text into sentences, generation of
shingles, sequential comparison, and determination of results) is put into the
system.

2. Stemming algorithm—used in the normalization process to simplify and expand
text recognition.

3. Modified shingle algorithm (author’s method)—to modify the code of shingle
algorithm canonization stage, in order to preserve those particles that can distort
the correctness of the answer and recognition of word synonyms.
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4. The algorithm effectiveness was assessed based on the calculation of three
parameters (Gu et al., 2022): P—completeness and S—degree of matching are
introduced as a measure of efficiency. The completeness value is the ratio of the
number of correct words probability to the number of words stored in the data-
base. The matching degree value is the ratio of the probability of correct words
to the sum of the number of words stored in the database and entered by the user.
Determining the importance between the degree of correspondence and complete-
ness, the study introduced F-measure—the final score, where F-measure is the
arithmetic mean between the degree of correspondence (2) and completeness (1).
In the evaluation of the algorithm effectiveness, the F-measure is introduced to
give equal weight to the selected indicators S and P. It brings together the indica-
tors (S) and (P) and falls equally when the values of (S) and (P) decrease (Fig. 1).

The indicators were calculated according to the following formulas:

P Pr; s 100% !

B Pr, ’ M
Where Pr; is the probability of correct words; Pr; is the total number of words stored
in the database.

_ 2% Pry x 100%
~ Pry+Pr, @

where Pr, is the number of words entered by the user.
The F-measure was calculated by the formula:
F= SJrTP. 3)
4. To determine the F-measure importance degree, additional indicators were intro-
duced: Fexp., which is the experimental measure, and D, which is the proportion
of truthfulness, where D = [0, 0.1, ..., 1]. To check the values, the experimental
measure Fg,, that determines the priority of precision and recall was calculated

by the formula:

Fig.1 Assessment of algo-
rithm performance based on

the parameters F-measure, P
(completeness) and S (degree of
correspondence)
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Fep. =D # P+ (1 = D) % S.
4

5. To analyze the results of running various system parameters N = [1,2, ..., 10],
where N is the shingle length, formulas (1), (2), (3) were used.

6. To determine the highest algorithm effectiveness, each step of the shingle was
presented as a signature followed by hashing. The hashing time was calculated
according to the formula:

t, * 100%
e ®)

where n=[1,...,10] is the shingle length, t; =0.03104 is the worst time, and as a
percentage t; =100%.

7. Empirical data processing, generalization and systematization of the results were
performed in MATL.ABR2021b.

8. JavaScript, XAMPP, PHP, and Perl were used for the development of server and
client software.

2.1 Restrictions and ethical standards

The proposed system of computer-based testing meets all the requirements of ethical
standards, namely, non-biased testing, transparency, accountability of developers for
the results of the testing algorithm, compliance with copyright, citation and borrow-
ing rules.

A limitation of the proposed algorithm is the inability to use it for too large
answers, such as dictation, essays, outlining entire chapters of the book, etc., which
will lead to increased processing time, which in testing will not be effective.

3 Research results

1. In accordance with the research objectives, an algorithm was developed based
on the shingle method, which finds the probability of correct words in the text.
Figure 2 shows the principle of the shingle algorithm operation.

The shingle algorithm is implemented according to the following rules:

1. Text normalization. Converting the text to lower case using the keyword method,
which involves removing all unnecessary separators and symbols from the text;

2. Word normalization based on stemming. Word stems are highlighted as the
endings change. The process of finding the word stem is as follows (See Figs. 3
and 4).

3. Splitting the text into sentences. The correctness of answers is checked by
selecting a subsequence of overlapping words (Fig. 5).
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| Converting the text to lower case l

Removing stop-words

| Normalized text |

y
@malization based on stemming)

v
[ Completely normalized text ]

v
@t}le text into @
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| A number of normalized sentences |

B
Qingle generatiD
¥

A number of shingles

comparison of
answers

comparison with the local
base answer

a set of identical shingles to give
a local base answer

v
- - P Visualization of results
@swas in the database

generation

base

Fig.2 The shingle algorithm operation flowchart

4. Shingle generation. The checksum for each shingle is calculated using the
CRC32 function and the answer is converted into a one-dimensional user array.
5. Comparing, saving answers, and visualizing the result.

A one-dimensional user answer array is compared with a one-dimensional
array of the correct answer from the dictionary based on the checksum values of
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Before normalization:

This is the main board of the system block. The highways connecting the processor with the
main storage (called buses) are located on it.

Microprocessor set of microchips is called a chipset.

Fig.3 User-entered text

After normalization:

The main board system block locates the highways connecting the processor with the main

storage (called buses).

Microprocessor set of microchips is called a chipset.

Fig.4 Transformed text as a result of word normalization

Initial sentence:

The main board of the system block doesn’t locate the highways connecting the
processor with main storage called bus.

microprocessor set of microchips call a chipset

Sh1="main board of the system block' // splitting the text into shingles
Sh2="'board of the system block'

Sh268 = 'microchips call a chipset'

Fig.5 Splitting the text into sentences

these arrays. The correspondence ratio of these values determines answer correct-
ness (test results) (Fig. 6).

2. The algorithm effectiveness was assessed both automatically and manually by the
examiner. As a result, it was experimentally proven (Table 1) thatatD = 0,F.,,
is directly proportional to the precision (F,,, =S) at,.D = I, F,,, is directly pro-

exp.
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One-dimensional array of the One-dimensional array of the
correct answer user answer:
from the database:

= =

Comparison of checksum values for the texts:

Array ( [0] =>-703912748 [1] => 2134351388 [2] => = Array ( [0] => 1943148155 [1] => 1399904500 [2] => -
-1629559000 [3] => -562715740 [4] => 622751875,..., 1404615520 [3] => 1708941081 [4] =>
[267] => -1849660788) 1455861773,...,[236] =>-1849660788)
Result: 86%
(correct answer probability)

Fig.6 Comparing, saving answers and visualizing the result

Tablel F — measure D S P F F

importance degree P
0 90% 86% 88% 90%
0.1 87% 83% 85% 86%
0.2 84% 79% 82% 83%
0.3 81% 76% 78% 80%
0.4 78% 73% 75% 76%
0.5 75% 69% 72% 72%
0.6 71% 66% 68% 67%
0.7 68% 63% 65% 64%
0.8 65% 59% 62% 60%
0.9 62% 56% 59% 57%
1 59% 52% 56% 52%

portional to the recall (F,,
the F-measure (F.,, = F).

=P), when D = 0.5, F,,, is directly proportional to

exp.

Thus, the precision and recall of the algorithm turned out to be optimal at
equal ratios. That is, these two indicators make an equal contribution to the reli-
ability of the experiment results.

The experiment showed that the proportion of truthfulness D=0.5 fully
reflects the result at the intersection of F-measure and F,, (the experimental
measure) (Fig. 7).
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Fig. 7 Importance of F—measure

Based on the experimental data, the importance degree of F was confirmed after
introducing additional values: F,, (the experimental measure) and D (the propor-
tion of truthfulness).

The runs with different system parameters (shingle length) showed that a shorter
shingle length N=1 ensures higher precision (S) while a longer shingle length
N=10 reduces it. Thus, the probability of finding the same phrase in two documents
increases.

A further decrease in the shingle length (N) in the tests does not lead to a signifi-
cant decrease in precision but leads to an increase in recall as most matching phrases
do not contain more than 3 words in a row (Table 2).

Determination of the highest system efficiency based on the shingle algorithm
showed (Table 3) that high precision F=90% is achieved at the shortest shingle

Table 2 Runs with different

system parameters N 5 r F—measure
N=1 93% 89% 91%
N=2 90% 86% 88%
N=3 87% 82% 85%
N=4 84% 79% 81%
N=5 81% 76% 78%
N=6 78% 72% 75%
N=T7 74% 69% 71%
N=38 71% 66% 68%
N=9 68% 62% 65%
N=10 65% 59% 62%
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Table 3 Shingle algorithm

effoctiveness N Pr, Pr, Prs F-measure t (sec. / %)
N=1 268 237 236 90% 0.03104 (100%)
N=2 268 237 227 87% 0.02918 (94%)
N=3 268 237 218 84% 0.02732 (88%)
N=4 268 237 209 80% 0.02576 (83%)
N=5 268 237 200 77% 0.02390 (77%)
N=6 268 237 191 74% 0.02204 (71%)
N=7 268 237 182 70% 0.02018(65%)
N=8 268 237 173 67% 0.01831(59%)
N=9 268 237 164 64% 0.01645 (53%)
N=10 268 237 156 61% 0.01459(47%)

length (N=1). In this case, the time spent on calculating the checksums is ineffi-
cient. Conversely, low precision F=61% is observed with the longest shingle length
(N=10), and the checksum calculation time decreases (t,,=47%).

When N=[6,..,9], the time needed to calculate checksums is shorter and the pre-
cision is less efficient. However, its computational complexity and computation time
increase sharply when the shingle length decreases. It follows that the highest shin-
gle algorithm effectiveness showing the most optimal time and precision F=77%, is
achieved at the shingle length N=35 and time t=77%. Thus, the algorithm itself is
simple, but effective.

For greater clarity, the shingle algorithm effectiveness is shown in Fig. 8 in
accordance with the time and precision indicators.

Calculations based on a series of different questions for 120 users (Table 4).

Comparison of the results obtained based on the test samples using a single test
item and a series of different questions with a network version of Tables 3 and 4
showed that in both cases, the optimal and more effective operation can be noted at
N=5. This means that in the context of the network version, the algorithm is more
effective.

The table shows that computational complexity reduction and maintaining
acceptable precision required 12—-6 min. This increase in effectiveness is associated
not only with the optimal computation but primarily with a decrease in network traf-
fic (Fig. 9).

Table 5 shows an example of the algorithm for converting a student’s answer to a
question.

4 Discussion

The analysis of the results showed the effectiveness of the developed intelligent test-
ing system based on the shingle method in the assessment of humanities students’
academic achievements. In fact, the numerical assessment of the algorithm qual-
ity showed that F-measure fully reflects the result at the proportion of truthfulness
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120%
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Length of shingle (N)
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Table 4 The shingle algorithm
effectiveness at a series of
different questions

Py . Pry ) Pryp F t (min. / %)

[57,...562] [54,..,520] [50,..,513] 92% 12 (100%)
[57,..,562] [54,.,520] [48,.,503] 89% 11.4(95%)
[57,..,562] [54,.,520] [46,..,493] 86% 10.8 (90%)
[57,..,562] [54,.,520] [44,..483] 83% 10.2(85%)
[57,..,562] [54,.,520] [42,.,473] 80% 9.6 (80%)
[57,...562] [54,.,520] [40.,..,463]1 77% 9(75%)
[57...,562] [54,..,520] [38...453] 74% 8.4(70%)
[57,..,562] [54,.,520] [36,..,443] T1% 7.8(65%)
[57....562] [54,..,520] [34,..433] 68% 7.2 (60%)
[57....562] [54,.,520] [32,..,423] 65% 6.6 (55%)

22222%22222
© ® N AW R —

Il
—_
o

D=0.5 and is directly related to the precision (S) and recall (P). Due to the fact
that the algorithm evaluation mechanism (precision, recall and F-measure) relied on
additional values (the experimental measure F,, and the proportion of truthfulness
D), it was confirmed that the factors of precision and recall make an equal contribu-
tion to the reliability of the experimental results, which shows the accuracy of F.
These calculations have confirmed their reliability and validity regardless of the
area of study from a computational perspective of the algorithm quality when the
basis of verification is the comparison of the text with the correct answers known
in advance (Blandén Andrade & Zapata Jaramillo, 2021; Ganter et al., 2019). The

introduction of the F-measure harmonizes precision and recall giving them the same
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weight. A series of experiments (100 tests) was performed to evaluate the approach.
The tests were checked both automatically and manually by the examiner.

The research confirms the results of numerous studies that a shorter shingle length
contributes to higher precision, and vice versa, a longer shingle length reduces it
(Ceglarek, 2013; Chen et al., 2016; Osman et al., 2012a, b). However, in these studies,
the shingle algorithm was used to detect plagiarism in texts. Therefore, the shorter the
shingle length, the more accurately the algorithm identifies borrowing in documents.
In our case, we checked the probability of correct answers in the texts.

According to the results of our study, the highest efficiency of the intelligent test-
ing system based on the shingle algorithm is achieved at the shingle length N=5
as it provides for the variability of the correct answers. At the same time, it should
be noted that a further decrease in the shingle length (N) in the tests did not reduce
precision but increased the recall value. The insignificant decrease in the precision
of correct answers and the increase in the ratio of the probability of correct words
to the number of words stored in the database can be explained by the fact that most
matching phrases do not contain more than3 words. Such assumptions are confirmed
by the data obtained based on the "shingle algorithm" use when processing course
design assignments, in which short phrases (of 3—6 words) were not detected at a
certain shingle length (Sotnikov, 2014).

The evaluation and analysis of the algorithm effectiveness showed that the algo-
rithm strength is the hashing time, which was determined based on the test samples
using a single test item and a series of different questions with a network version.
As a result, it was found that a shorter shingle length contributes to precision, and
the time spent on checksum calculations increases and therefore becomes inefficient
(the worst). Conversely, longer shingles reduce precision, but the checksum calcula-
tion time decreases, and therefore it is considered the most efficient (the best).
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Table 5 Question_1: How did the abolition of serfdom in 1861 affect the socio-economic and political
development of Russia?

Lecture text

Student's answer to question_1 before text

conversion:

The beginning of the twentieth century was
the reign of Emperor Nicholas II, who came
to the throne in 1894. Russia at that time was
a country with a medium level of capitalism
development. Abolition of serfdom in 1861,
the reforms of the 60-70s did not go
unnoticed: capitalist industry grew rapidly
(first place in the world), new industries (oil
production, chemical, machine building) and
new industrial areas (primarily the Donbass-
Krivoy Rog) emerged. Railroads linked the
center with the outskirts and stimulated the
development of the country. Large banks
connected with industry emerged.

Student's answer to question_1 after
conversion:

The abolition of serfdom in 1861 played an
enormous role in increasing the level of
capitalism development in the country.
Industry, especially mechanical engineering,
began to develop at a rapid pace. New
industries appeared (chemical), and oil
production increased. Railroads appeared
which connected remote settlements to the
Banks that financed

capital. industry

development appeared.

The abolition of serfdom in 1861 played an

enormous role in raising the level of
capitalism in the country. Industry, especially
mechanical engineering, began to develop at
a rapid pace. New industries appeared: the
chemical industry, and oil production
increased. Railroads appeared that connected
remote settlements with the capital. Banks
appeared, which financed the development of

industry.

Result on test (score in points):

Test Result
% —

96%

100% -
80% -
60%

40% -

Question_1
Result on question_1: 96%

(probability of correct answer)
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The same results were obtained in another study, which relied on the method
based on adding character repetition in order to search for similar documents. Dif-
ferent system parameters (shingle lengths) were run, and it was found that the worst
hashing time is observed at a shorter shingle length (Azgomi et al., 2014).

In our study, a comparison of test samples on the example of a single test item
and a series of different questions for 120 users showed that the most effective shin-
gle algorithm operation is observed at the shingle length N=35, the optimal time
t=77%, and precision F=77%. However, when implementing the network version,
the increase in effectiveness was associated not only with the optimal calculations,
but primarily with a decrease in network traffic.

Thus, the distinctive feature of the developed computer testing algorithm from
the basic algorithm of shingles, is its ability not to remove those particles that can
distort the correctness of the answer and the ability to recognize synonyms in words,
in whole sentences.

At the same time, it should be noted that this algorithm also has disadvantages,
as in all existing algorithms for testing today. This is a limitation in applying tasks
that require too large answers, such as dictation, essays, entire chapters of the book,
etc., which will lead to an increase in processing time, which in testing will not be
effective.

However, these types of assessment of learning achievements mainly relate to
creative tasks, and their implementation requires more time from the student. There-
fore, teaching didactics recommends using this type of control of learning achieve-
ments in the format of students’ independent work. At the same time, the conse-
quences for the educational assessment were accepted positively by humanities
students. The results of the final assessment for the test were particularly delightful,
where in almost all answers students answered in their own words, while expressing
their own opinion on the question posed, using various word combinations, phrases,
and sentences. With conventional testing systems, they would have had to memorize
the answers, or it would have resulted in a lower overall test score.

A comparative analysis of the study results with similar previous studies showed
that, in performance parameters, the developed algorithm is similar to the results
of studying the development of the NeuroLD algorithm based on the calculation of
weighted Levenshtein distance and Kohonen neural networks (Poguda, 2016). The
algorithm is also able to recognize synonyms, has text filtering, combines closed
and open types of tasks and allows students to choose an answer from the offered
ones or give a free-form answer. However, it also has limitations in processing large
texts. At the same time, the developed intelligent system based on the shingle algo-
rithm is much easier to use.

In this regard, the developed system of computer testing based on the shingle algo-
rithm has been implemented and is already effectively used in the educational pro-
cesses of universities in the Republic of Kazakhstan, which were the experimental base
of the study, as well as in several children’s educational development centers. It should
be noted that when implemented in the educational process, its use does not require
installation on a local computer, a standard browser is enough. Users note the simplic-
ity and the ability to use different types of tasks in testing.
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5 Conclusions

The research has expanded the possibilities of using the shingle algorithm in education.
In particular, it is used not only to check the borrowing of two documents but also to
assess humanities students’ learning outcomes during the examination sessions. This
algorithm allows students to give detailed answers to open-ended questions.

It has been experimentally proven that F-measure fully reflects the result with a pro-
portion of truthfulness equal to 0.5 and is directly proportional to the precision (S) and
recall (P) of use. The most efficient operation of the shingle algorithm was revealed at
the optimal time t="77% and precision F=77%.

It has been substantiated that at a shorter shingle length, the time spent on calcu-
lating checksums is greater, and at a longer shingle length, checksums are calculated
faster. The optimal shingle algorithm effectiveness was found at the length of the shin-
gle N=5 of the average data processing time.

Thus, the effectiveness of testing procedure optimization has been established. It
increases the quality of assessment, which makes it possible to quickly and impartially
identify the level of knowledge, skills, and abilities, as well as to form introspection and
self-control skills.
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