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Abstract: In this paper, we developed an educational game with a graphical user interface that
uses crossword principles. The architecture of the game is designed using a three-layer software
architecture. We developed algorithms for dynamic words’ selection for crossword building. The
game is implemented using C#, and it consists of two main modules: one for teachers and the other
for students. The developed game is applied in the education of computer engineers in order to
assess students’ perceptions of basic terms in C/C++ programming. A survey of students’ interaction
with the developed game is conducted in order to evaluate their perception of the gamification the
education processes in the field of computer programming. The results indicate that usage of the
computer-based crossword accelerates the educational process during the semester, and the game is
a useful tool for motivating study throughout the whole academic year.
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1. Introduction

The advantages of games in education are well known in all stages of human devel-
opment and throughout our lives, beginning with the appearance of every new human
life. Every game has a set of rules that forms the basis for game process organization and
which often includes a sequence of steps that have to be performed in order to play the
game. Thus, a series of actions could be easily remembered and reproduced as part of
the game process [1,2]. A lot of medical and psychological research indicates that games
play a positive role in memory enhancement due to their effect on the human brain with
respect to the activation of relations among neural centers and the interactions among
the player, which improve cognitive functions [3]. The advancement of computer-based
technologies involves a lot of hardware and software resources in the gaming industry,
which has led to the very fast evolution of computer games; thus, they attract a very
large audience. Education in many different sciences uses computer games as a part of
the whole educational process in order to motivate students to study. As a tool for the
development of knowledge in different sciences, computer-based crosswords are also well
known. They are popular in a wide range of educational programs such as medicine [4–6],
pharmacology [7], stomatology, dental medicine [8], language courses [9,10], economic
disciplines [11], history [12], and many others.

In the last decade, engineering education has become more and more significant
regarding its importance for industry development and its application in our everyday
life. Thus, engineering education is going to evolve with respect to contemporary prob-
lems related to energy consumption and environmental safety, and all engineers of the
future will have to implement “green thinking” and sustainable concepts, exploiting a rich
base of knowledge [13]. Consequently, all of the achievements of contemporary science
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and technology should support engineering education in order to improve the quality of
education and to ensure that its positive effects are felt in all technological spheres. Nowa-
days, computer-based technologies and specialized software products are an essential part
of engineering education and practice. Therefore, modern educational technologies are
obligatory in all spheres of engineering education. As part of the recent trend towards
digitalization, computer games are also becoming popular in engineering education, and
especially in the education of computer and software engineers [14,15]. Such games attract
young people and support their concentration in studying complex theoretical problems
that are a fundamental part of engineering knowledge. In this way, a greater amount of
knowledge will be accessible to future engineers, which will extend their opportunities for
professional development and success in their chosen work fields, solving future problems
for humanity.

The main aim behind the current research is to stimulate students’ activity during
the semester by applying modern educational technologies and, in particular, by using a
recently developed crossword game to motivate the study of the fundamental details of
programming as a part of students’ education in computer and software engineering.

2. Materials and Methods

The design of the software products is commonly based on patterns that are established
in practice, which allow for the design process to have a clear and persistent structure. The
most popular patterns for software design are layered due to their logical consistency and
opportunities for the easy support and development of the designed products [16]. The
preferred software design patterns (models) define an architecture that contains three or
four layers, which allow for a logical structure with clearly separated modules for user
interactions (user interface), data storage (database), and data processing. Such models
continue to be popular nowadays in the context of a wide variety of information systems,
frameworks, and software products, such as machine learning applications [17], multi-
robot systems with applications in power line inspection [18], web-based systems [19],
and many others. A three-layered software design model was chosen for the purpose of
the current research. The architecture of the designed educational game, the algorithms
for word choice, the data that are used for testing the developed application, and the
participants in the survey regarding the developed crossword game are discussed in the
next four subsections.

2.1. Architecture of the Crossword Game

The architecture of the designed application is based on a three-layer software design
model that incorporates all necessary modules to serve two types of users: students and
teachers (Figure 1). All administrative modules are available only to users who have teacher
accounts. Students can only use crosswords, which are generated dynamically, with a
horizontal or vertical orientation of the main word which is crossed by the other words.
The user interface and contents of the crossword could be visualized in either Bulgarian
or English.

The generation of the crossword is based on the stored data in the files that build the
data layer. The words and questions for their guessing that are used for crossword building
are stored in two files: one for Bulgarian content and the other for English content. The file
for settings contains information about the default language for crossword generation and
the user interface, the maximum length of two types of words (long and short), the mode for
working (students or teacher), and the number of words for crossword generation (Table 1).
As a summary, the words for crossword generation are divided into two groups, the “long
words” group and the “short words” group, which depends on setting the minimum length
of a word which is of the “long word” type.
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Table 1. Structure of file for settings.

Parameter Description

LongWordsMin Minimum number of characters for long-type words
LongWordsMax Maximum number of characters for long-type words
ShortWordsMax Maximum number of characters for short-type words

Mode Sets the working mode, i.e., for teacher or students

Language Sets the language for user interface and
crossword generation

ShortWordsNumber Maximum number of short-type words that have to be
chosen for crossword generation

The crossword game has a long history and a variety of types; regarding the shape
that is used for crossword puzzle arrangement, there are different possibilities, and one
of the most popular is a grid containing crossing words, so the beginning of every word
is numbered in order to correspond with the appropriate clues [20]. This variant, but
containing one main word that is crossed by other words, is chosen for the designed game.
When a crossword has to be built, there are two main concepts regarding the constraints
that exist for the variables and domains of the words: the first concept is based on the
assumption that all variables are numbered and directed and that they could be assigned
to some of possible words in the domain; the second concept is based on the assumption
that every variable is a word that is built of squares, and every square could contain one of
the alphabetic characters [21]. In the current research, we have chosen the second concept
and have thus described the settings for the maximum length of both long and short words
(Table 1) necessary to define a rectangular area with squares for crossword visualization.
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The files for words (part of the data layer) are encrypted, and they are built from
couples: <clues, word>. The clues are given by a text written as a question or as some
sentence that has to be completed which also has the meaning of a question, and because of
this, their section starts with letter “Q”. Every word is the answer to some question (it is part
of the couple: <clues, word>); thus, its sections start with the letter “A”. Using the words
that are stored in the data layer involves the performance of decryption operations in order
to access their content in the business layer of the application. Depending on the user mode
(student or teacher), decrypted words are presented as a crossword (student mode) or as a
list of questions and answers that could be edited (teacher mode). When the student mode
is used, the application then deals with data only in the reading mode, but the performance
of the teacher mode is related to data reading and writing. Thus, the implementation of the
student mode utilizes only decryption operations, but the implementation of the teacher
mode utilizes decryption/encryption operations. A simple encryption method is chosen for
data encryption due to its effectiveness and fast performance. The implemented encryption
algorithm is based on the cipher of Cesar, which uses a substitution of every letter with
another one that has a number assigned to the alphabet which decreases with a constant
value [22], but it utilizes additional rules depending on the position of every letter in the
processed string.

2.2. Algorithms for Words’ Selection

There are two algorithms designed that deal with words in order to select words for
crossword generation. These algorithms are designed for C# implementation; thus, they
use some structures typical for this language, such as the dictionary [23]. The first algorithm
is used to select long words and to determine their unique letters (Figure 2). When it starts,
a file is opened which contains the questions and answers needed for the crossword. The
information from this file is read, decrypted, and written into the fileContent array. After
the array is filled, the questions and answers should be added to a previously created
dictionary (dicFileContent). It is known that the file alternates between question and
answer, filling in the dictionary with odd values (words) from the array as keys for the
dictionary and even values (questions) as their values. This is necessary in order that
the questions can be easily accessed at a later stage. When finished with completing the
dictionary, the program should divide the words into two lists: shortWords and longWords.
At each step of the array processing, whether the array element starts with “A” is checked.
If the element meets this condition, its length is checked. In cases where the length is
less than the LongWordsMin, an element is added to the shortWords list; otherwise, it is
added to the longWords list. When the processing of the array is over and the words are
distributed across the lists, the next step is the long word choice for the crossword puzzle.
This is achieved randomly using the Random class (C#).

When a long word is selected, its unique letters are determined. This is achieved by
going through the word and checking for each of its letters to determine whether they
are contained in a pre-created dictionary (dicLetters). If the letter is not contained in the
dictionary, it is added to it as a key value and take 1 as its value. If the letter is already
present in the dictionary, the value is increased by 1.

When the short word selection algorithm is started, the dicLetters dictionary is pro-
cessed (Figure 3). At each step of the process, the current letter is written as a key value to
another ListDict dictionary, and as a value for each key, a list is created.
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When the processing is complete, the lists from the ListDict dictionary will be filled
with words containing the key (letter) of the given list. This is achieved by processing the
shortWords list. While processing it, each word is checked to see if it contains any of the
ListDict key values. If the key value is contained in the shortWords, it is added to the key
value list. When all the words have been checked and added to the corresponding lists, the
algorithm finishes its work. After the algorithm has finished its work, the ListDict is sorted
according to the number of words in the lists. This is undertaken in order to select words
first for the letters for which the list of words is shorter. The already-sorted dictionary is
saved using the name SortedListDict.

Once the dictionary containing all the selected short words that meet the condition of
containing one of the unique letter origins from the selected long word is prepared (using
the algorithm shown on Figure 3), it is processed, starting from the rarest letter in order to
find the necessary number of short words for crossword building. The election of words for
every key from the SortedListDict is undertaken using again the Random class. Once the
word is selected, it is removed from all lists of words with unique letters in order to prevent
multiple selections of the same word. Thus, the process of word selection is dynamic and
uses randomization so the content of the generated crossword differs among multiple runs
of the game.
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2.3. Data for Game Verification

As two of the most popular programming languages, C and C++ are widely exploited
in different study programs related to computer techniques and technologies. Thus, these
languages are included in the teaching program in the course “Synthesis and Analysis of
Algorithms”, which is part of the bachelor program for computer engineers who study
“Computer Systems and Technologies” at University of Food Technologies, Plovdiv (Bul-
garia). A set of basis terms related to C/C++ fundamentals and to data structures is
formed in order to examine the performance of the developed game. Some of the terms
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used are variable, constant, array, pointer, function, increment, and decrement (C/C++
fundamentals), as well as stack, queue, graph, list, and tree (data structures fundamentals).

2.4. Survey Settings

The respondents of the survey are students in their third year specializing in “Com-
puter Systems and Technologies” at the University of Food Technologies. These students
passed “Program languages” and “Programming and computer applications” courses that
are related to C/C++ programming and, currently, they are studying the “Synthesis and
Analysis of Algorithms” course. These students passed the section “Data structures” in the-
oretical and practical classes before experimental usage of the developed crossword game.

The survey about student experience regarding the interaction with the developed
crossword game is performed using a Google Form that contains three questions (Table 2).

Table 2. Survey questions.

Question Answer Options

Did you participate in solving the Synthesis and Analysis
of Algorithms crossword puzzle? Yes or No

Do you think that solving the Synthesis and Analysis of
Algorithms crossword helps your study in the discipline? Yes; No; I can’t decide

Would you like to solve similar crossword puzzles in other
disciplines in the field of programming? Yes; No; I can’t decide

The aim of the survey is to evaluate the overall impression of the developed crossword
game on the students. The results of the survey will indicate whether the developed game
could be applied to other courses related to programming or not.

3. Results and Discussions

Based on the discussed software architecture and algorithms for words selection, an
application on C# is developed and named DACrossword. This application is applied as
an additional tool for students’ advancement assessment during the winter semester of the
2023–2024 academic year. The appearance of the developed application and its impression
on the students are discussed in the next two subsections.

3.1. DACrossword Application

The developed game is implemented using two main windows: one for students
mode and second for teachers (Figure 4). The students mode window visualizes the
dynamically generated crossword with vertical or horizontal orientation of the long word
(in Figure 4a, vertical orientation of the long word is presented), a list of clues that are
numbered according to the numbers of the words that have to be guessed (upper part of
the window), a button for crossword check, and two types of jokers (located beneath the
button), with an opportunity for triple usage. The options for crossword orientation are
visualized before crossword generation and vertical or horizontal orientation can be chosen.
The jokers are visualized as a lightbulb and as a small hummer, and their action are related
to showing a random unguessed letter (wrong letter or unwritten letter, i.e., an empty
square filling) and to showing a letter selected by the user that is unguessed, respectively.
When the check button is used, all the words entered by the user are compared with
the correct answers, and those letters that are incorrect are colored red. After crossword
checking, a message about the number of unguessed words and the elapsed time is shown.
If the crossword is solved (all words are guessed), then the timer for the elapsed time
is stopped.
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The teachers-mode window (Figure 4b) can be visualized only if a teacher account is
used, and it contains a list for file content, fields for question and answer, buttons (Add,
Edit, Save, and Open), and options for type of word (long or short) and files selection
(Bulgarian or English version). Files for words and clues are encrypted, so the action of the
Open button includes the decryption of the content for the selected file and visualization
of the decrypted content into the list (located at the bottom of the window). The fields
Question and Answer can be used for the addition of a new couple <clues, word> or for
the addition of the existing couple <clues, word>. The content of the working file can be
stored using the Save button or when the teachers-mode window is closing. The process
of file saving includes the encoding of the content that is shown in the list of couples
<clues, word>.

3.2. User Expirience

The developed game (DACrossword) is used as a part of the practical classes in
“Synthesis and Analysis of Algorithms” (Figure 5).
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The opinions of students are collected using a Goggle Form, and the results are
presented in Figure 6. It is observed that 90% of the participants are satisfied with their
interaction with DACrossword and would even prefer to use this application in other
courses related to programming. Only 10% of students in the discipline “Synthesis and
Analysis of Algorithms” could not decide whether DACrossword helped them to study,
and these students probably did not participate in crossword solving (10% of respondents
said “No” to the first question of the survey, which is shown on Figure 6a).
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It could be concluded that the students’ overall impression of the developed educa-
tional game is positive, and such innovations have to be introduced in other courses for
computer engineers.

4. Conclusions

Gamification of the educational process has a long history in a variety of scientific
areas due to its advantages related to easy memory terms, a series of actions, and the
activation of corresponding brain centers. Because computers play a very significant role in
everyday life, they are also playing a leading role in the game industry, and especially in
educational game development. Thus, current research corresponds to contemporary trends
in education. The advantages of the developed game are its fast execution (it is compiled
into an executable file), its ease in supporting program logic due to its design based on
multilayer architecture, the opportunity to edit the content in crossword generation, the
diversity of crosswords based on dynamic generation, the protection of the content thanks
to the usage of an encoding algorithm, etc. The developed application (DACrossword)
has also been experimentally evaluated by students, and the results are encouraging. This
educational game has the potential to be an estimation tool due to the protection of its
content, and especially if a large amount of questions and answers are stored, which
significantly increases the amount of crossword variants.

As to future works related to the discussed educational game, the opportunity for
statistical integration that will present information concerning hard words (terms), average
time taken to solve the crosswords, etc., has been noticed. A detailed evaluation of user
interaction with jokers is also important for overall user experience enhancement. Another
direction for future work could be the performance of a survey of teachers’ experience
regarding the game’s teachers mode.
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