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ABSTRACT
In the last ten years, the integration of information and communication technology (ICT) into 
education has become more and more prevalent, as ICT has become an indispensable part of 
everyday educational life. With the development of ICT, the number of teaching strategies involv-
ing the use of ICT has also increased. One of the latest strategies for the use of ICT in educa-
tion is digital gamification. ICT can serve as a technological basis for the creation and further 
development of gamification experiences. The development of new technologies and teaching 
strategies implies the development of teacher competencies for the application of teaching meth-
ods based on the use of ICT, including digital gamification. The application of gamification in 
education brings numerous benefits and is used for various purposes, from influencing student 
motivation and engagement, improving educational outcomes and creating interactive learning 
opportunities, to the application of gamification in student evaluation. With the aim of better 
understanding teachers’ self-assessed competencies in the use of digital gamification, this paper 
focuses on the association between these assessments and their overall ICT use and gamification 
in student evaluation with other demographic variables. The aim was to develop a successful 
neural network model using these variables that is able to identify the teachers with a high level 
of competence. The best neural network model obtained had an overall classification accuracy of 
75% and was able to identify all teachers with a high self-assessed level of competence in the use 
of digital gamification in the education of students.
Keywords: digital gamification, information and communication technology, neural networks, 
self-assessments, teachers.

Introduction

Accelerated development of information and communication technologies (ICT) is 
rapidly changing all spheres of life, including education, resulting in broader oppor-
tunities for the application of ICT in education. Numerous governments have made 
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significant investments in the process of providing educational institutions with ICT 
devices and resources which has led to a rapid development of ICT-related tools in edu-
cational practices (Fernández-Gutiérrez et al., 2020). Consequently, new educational 
practices were developed that included methods and strategies based on ICT tools. 
The global shift towards a digital economy and society necessitates modifications in 
the technology employed by educators in schools and educational institutions to train 
modern teachers (Desnenko et al., 2021). Ensuring equitable and high-quality learn-
ing requires teachers to possess the necessary competencies for effectively integrating 
ICT into their professional practice, enabling transformative pedagogy and empow-
ering students to develop essential Knowledge Society skills such as critical thinking, 
innovation, problem-solving, collaboration, and socio-emotional abilities (UNESCO, 
2018). Unlike traditional approaches, which put the teacher at the focus of the lesson, 
modern teaching strategies put the student at the centre. While the instructor serves 
as his guide and partner, the student actively participates in the learning process by 
gathering, considering, locating, and analysing information. Gamification, described 
as “the use of elements of play in a non-playing context” (Deterding et al., 2011, p. 10), 
emerges in the context of contemporary approaches to education. With more and more 
devices having digital technology installed, it is possible to implement the gamification 
method by using a variety of digital tools to improve student engagement and motivation. 
In addition to the fact that gamification in education increases student motivation and 
engagement (Rozhenko et al., 2021; Royas-López et al., 2019; Barna & Fodor, 2018), it can 
enhance interaction (Kepceoglu, 2019; Barna & Fodor, 2018) and achivement (Kepceoglu, 
2019; Lopes et al., 2019) but also support student’s social, emotional or cognitive dimen-
sions (Domínguez, et al., 2013). As reported by Mårell-Olsson (2022) it takes a variety 
of skills to prepare teachers to design gamification activities that effectively encourage 
and engage students while improving their learning. It requires specialized knowledge 
in creating engaging activities that incorporate learning material from a variety of areas 
and the flexibility to adjust to organizational changes. This preparedness entails modifi-
cations to educational practices that facilitate collaborative design processes in addition 
to the development of personal competency. Teachers need to have a supportive envi-
ronment that encourages innovation in teaching methods in addition to their own areas 
of expertise in order to execute digitalized gamification activities using contemporary 
technologies (Mårell-Olsson, 2022). Gamification can be applicable in a variety of educa-
tional situations, from learning, through monitoring student progress to its application 
in student evaluation. According Menezes & Bortoll (2016) there are three forms of eval-
uation: formative, summative, and diagnostic, while Sudakova et al. (2022) specifies four 
types of assessments: formative, summative, diagnostic and evaluative. It’s important to 
recognize that formative and summative evaluations serve different assessment purposes, 
rather than simply being different evaluation types or formats, and in certain situa-
tions, the same type of data can be used both formatively and summatively (Dolin et al., 
2018). It is widely accepted that feedback is a crucial component of a broader formative 
assessment framework (Wiliam, 2018, as cited in Morris, Perry, & Wardle, 2021). Both 
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feedback and formative assessment gathering and offering details regarding a student’s 
present performance or understanding with the goal of improving their learning (Morris, 
Perry, & Wardle, 2021). The primary objective of summative assessment is often to pro-
vide a comprehensive evaluation of students’ learning progress at a specific point in 
time, rather than to influence their continuing learning, as is the case with formative 
assessment (Dolin, et al., 2018). Given that the success of gamification may depend on 
context (Hamari, Koivisto, & Sarsa, 2014; Hamari, 2013; Thom, Millen, & DiMicco, 2012), 
the role of the teacher and his competences in the application of gamification is crucial.

Literature preview

According to the  available literature, a  smaller number of studies focused on 
the research of teacher competences for the application of gamification.

Nousiainen, et al. (2018) conducted an analysis on the specific competences required 
by teachers while employing game-based pedagogy, which encompasses the utiliza-
tion of educational games or entertainment games, learning through game creation, 
and the implementation of gamification in the learning process. The results revealed 
four primary competence areas: pedagogical, technological, collaborative, and creative  
(Nousiainen et al., 2018).

Hanifah at al. (2021) investigated the application of the gamification strategy in 
the context of teacher education and training sessions. The study primarily cantered 
on three key variables: gamification knowledge, gamification skills, and the utilization 
of gamification among Geography trainee teachers. Based on the findings, it can be 
concluded that the degree of knowledge regarding the gamification approach is rather 
high. Additionally, the skill level and the level of use are also quite high. In conclusion, 
the findings indicate that trainee teachers frequently employ the gamification technique 
when imparting knowledge and facilitating learning.

The scientific community in the last few years is far more interested in studying the use 
of gamification in student assessments. The performed studies focused on traditional 
assessment model vs. game-based mode comparison (Areed et al., 2021; Sanchezm et al., 
2020; Zainuddin et al., 2020; Sánchez-Rivas et al., 2019), how students with reading 
difficulties viewed and used a gamified assessment (Reed et al., 2019), importance of 
online gamification flip learning using gamified formative assessment (Zainuddin et al., 
2021), using assessment tools such as Quizizz (Ccoa et al., 2023; Handoko et al., 2021; 
Prestiadi et al., 2021; Orhan Göksün & Gürsoy, 2019), Kahoot! (Jones et al., 2019; Orhan 
Göksün & Gürsoy, 2019) or others game-based assessment tools (Jo et al., 2021). Some 
authors focused on analysing negative impact of gamified assessment activities (Kwon 
& Özpolat, 2021).

Several studies have indicated that the implementation of gamification for assess-
ment purposes has led to enhanced academic performance ( Jones et al., 2019; Orhan 
Göksün & Gürsoy, 2019), increased student engagement (Orhan Göksün & Gürsoy, 2019), 
enhanced learning motivation (Ccoa et al., 2023; Zainuddin et al., 2020; Jo et al., 2021), 
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reduced levels of stress (Ccoa et al., 2023), alleviated the learning load (Jo et al., 2021). 
Also, gamification might yield positive outcomes in the short term, and demonstrated 
that interpersonal differences may have an impact on those benefits (Sanchez et al., 2020). 
The results demonstrated that taking the gamified online quiz was more successful than 
taking traditional paper quizzes (Areed et al., 2021; Sánchez-Rivas et al., 2019). They are 
more effective in formative assessment when it comes to evaluating the students’ learning 
outcomes (Areed et al., 2021). Also, most students exhibit a preference for Quizizz as 
an assessment tool when compared to paper and Google Forms (Handoko et al., 2021). 
Learner engagement has been positively impacted by formative assessments that use 
online flipped learning strategies and gamified learning (Zainuddin et al., 2021). The find-
ings of the study on the utilization of Quizizz gamification as an online assessment tool 
indicate that it can serve as an effective means of evaluating students (Prestiadi et al., 
2021). Additionally, it offers a more enjoyable and visually appealing assessment experi-
ence (Prestiadi et al., 2021). Students preferred Kahoot and Quizizz apps in the classroom 
for their need for motivation and rapid feedback on test performance (Orhan Göksün & 
Gürsoy, 2019). Compared to Kahoot, Quizizz proved to be less successful for educational 
activities (Orhan Göksün & Gürsoy, 2019). Students with reading difficulties was fully 
engaged in the gamified reading assessment and were motivated by activities that provide 
a suitable level of challenge without being excessively frustrating (Reed et al., 2019). In 
contrast, Kwon and Özpolat (2021) discovered that the implementation of gamification 
in assessment activities led to a notable decline in content knowledge, contentment, and 
overall course experience.

Despite the contradictory results, most studies show that gamified quizzes can be 
successfully applied in student assessment and can serve as an alternative way of evalu-
ating students. According to the available literature, there is no research that examines 
the association between teacher competencies and the application of gamification in 
student evaluation, this paper focuses on research into this topic. With the aim of better 
understanding teachers’ self-assessed competencies in the use of digital gamification, this 
paper focuses on the association between these assessments and their overall ICT use 
and gamification in student evaluation with other demographic variables. The aim was 
to develop a successful neural network model using these variables that is able to identify 
the teachers with a high level of competence.

Methodology

The study was conducted online during the academic year 2022/2023. The social net-
work Facebook was used as a research tool to collect data from teachers from different 
parts of Croatia. An online questionnaire was created, which consisted of three blocks 
of questions to collect general demographic data (4 variables), data on formative and 
summative assessment of students (48 variables), data on the frequency of use of ICT in 
teaching, its usefulness and self-assessed competences (12 variables). The first block of 
questions was used to collect data on gender, age, the county in which the participants 
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work at the school and the area (rural or urban) in which the school is located. The second 
block was designed to find out whether the participants use digital tools for formative 
or summative assessment of students and which digital tools they have used for these 
purposes so far. For these purposes, participants could indicate which of the 22 tools 
offered they use, indicate that they have not used any of the tools offered, or give the name 
of another tool they have used. The last block of questions dealt with the frequency with 
which the participants use information and communication technology in teaching, its 
use in the assessment of students (8 Likert scale were used for this), whether the partic-
ipants consider it useful in the teaching process and how they themselves assess their 
competencies in the use of information and communication technology and digital gam-
ification in teaching.

A total of 159 participants took part in this study. The majority of them were female 
(88.54%) with the mean age of 40.5 years (SD = 9.54). The participants came from all 
21 Croatian counties (see Figure 1), with most of them coming from Vukovar – Srijem 
County (19.10%) and almost equal numbers of respondents came from rural (49.68%) 
and urban (50.32%) areas.
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Results

The majority of participants indicated that they use digital tools for formative assess-
ment of students (85.35%) and 64.97% of them indicated that they also use digital tools 
for summative assessment. When asked which digital tool participants use for formative 
assessment of students, most indicated they use Wordwall (75.80%), 71.97% indicated 
Kahoot, and more than two-thirds of participants (69.43%) indicated they use Microsoft 
Office tools for formative assessment. Although these tools were also most commonly 
used by participants for summative assessments, a lower percentage of them indicated 
that they used these tools for this purpose. Thus, 52.87% of participants stated that they 
use Microsoft Office tools for this type of assessment, 33.76% Wordwall and 31.85% 
Kahoot.

Most of the participants (42.67%) stated that they use ICT in class every day and 
only 2.55% stated that they do not use ICT in class at all. Furthermore, the majority of 
participants (91.08%) consider ICT in the classroom to be useful, most of them (48.41%) 
self-assessed their level of competence in using ICT in the classroom as advanced but 
most of the participants (43.31%) self-assessed their level of competence in using digital 
gamification in the classroom as basic.

In addition, most participants often use digital tools for formative assessment of stu-
dents (45.86%) as well as summative assessment (33.76%), sometimes use elements of 
digital gamification for formative assessment (31.85%) and never use elements of digi-
tal gamification for summative assessment (25.48%). They often use feedback obtained 
through the use of ICT in assessment (33.76%), feedback obtained through the use of 
gamification in assessment (26.11%) and feedback obtained with ICT and gamification 
to analyze the achievement of educational outcomes (36.31%) and to adapt and plan 
lessons (34.40%).

The χ2-association test showed that there was a statistically significant association 
at the 0.05 level of significance between the self-reported level of competence in the use 
of digital gamification in teaching and: the use of digital tools for formative assessment 
(χ(3) = 21.78, p = .000), summative assessment (χ(3) = 8.52, p = .036), some tools previ-
ously used for formative assessment (MS Office tools (χ(3) = 23.35, p = .000), BookWidgets 
(χ(3) = 17.80, p = .000), Edmodo (χ(3) = 9.66, p = .022), GoogleClassroom (χ(3) = 11.19, 
p  =  .011), Google Forms (χ(3)  =  35.25, p  =  .000), Kahoot (χ(3)  =  27.87, p  =  .000),  
LearningApps (χ(3) = 12.25, p = .007)), some tools previously used for summative assess-
ment (MS Office tools (χ(3) = 14.30, p = . 003), Edmodo (χ(3) = 10.12, p = .02), Google 
Forms (χ(3) = 20.18, p =  .000), Kahoot (χ(3) = 11.57, p =  .009), Quizlet (χ(3) = 10.95, 
p = .012)), no use of summative assessment tools (χ(3) = 8.11, p = .0.44), self-assessment of 
how often they use ICT tools in the classroom (χ(12) = 24.41, p = .018), self-assessed level 
of competence in using ICT in teaching (χ(9) = 103.59, p = .000) and all 8 variables used 
to assess the frequency of use of information and communication technology and gam-
ification in student assessment (use of digital tools for formative assessment of students 
(χ(12) = 68.15, p =  .000), use of digital tools for summative assessment (χ(12) = 46.89, 
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p = .000), use of elements of digital gamification for formative assessment (χ(12) = 77.24, 
p = .000), use of elements of digital gamification for summative assessment (χ(12) = 48.65, 
p = .000), use of feedback obtained through the use of ICT in assessment (χ(12) = 32.16, 
p  =  .000), use of feedback obtained through the  use of gamification in assessment 
(χ(12) = 51.27, p = .000), use of feedback obtained with ICT and gamification to analyze 
the achievement of educational outcomes (χ(12) = 39.59, p = .000) and to adapt and plan 
lessons (χ(12) = 43.27, p = .000).

Statistica 13 software was used to model the neural networks and the random sam-
pling method was applied. In addition, the sample was split up into three subsamples: 
a test (20%), a validation (10%), and a training (70%). Binary variable was the output 
variable in which the teachers with high self-competence in the use of digital gamification 
were assigned to category 1 and the other participants to category 0. All variables that 
showed a statistically significant association with the selected output variable of the NN 
model were removed from the modelling and a total of 38 variables were used for this 
purpose.

The type of NN chosen was a multilayer perceptron, the minimum number of hidden 
units was set to 8 and the maximum to 25, the error functions used were the sum of 
squares and the cross entropy, the activation functions used were the logistic, the hyper-
bolic tangent, the exponential and the sine function. In addition, 200 neural networks 
were modelled. The best NN model was obtained with the exponential activation func-
tion. This model had an overall accuracy of 75% and was able to recognize 60% of teach-
ers who did not have high competence in the use of digital gamification and all of those 
who did.

Conclusion

This paper examines the association between teachers’ self-assessed digital gami
fication competencies and their overall use of ICT in student evaluation with other 
demographic variables to better understand them. Results showed statistically significant 
association between several variables, and we successfully developed a neural network 
model. Detecting teachers with a high or low level of self-assessment of competence in 
digital gamification is important for several reasons. Identifying teachers with a high 
degree of self-assessment enables the identification of best practices in the use of digital 
gamification in teaching. This may result in the development of a model for training other 
teachers to improve their skills in this area. Teachers with low self-esteem may need addi-
tional support and resources to improve their skills in using digital gamification. Using 
digital gamification can have a positive impact on student engagement and motivation, 
as well as on their learning outcomes. Identifying teachers with high levels of self-esteem 
allows the promotion of these practices that can improve learning outcomes.

Like most research, ours also has several limitations which are primarily related to 
the size of the sample, but also the greater representation of female respondents. There-
fore, future research should include a larger number of respondents, but also a more 
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balanced gender ratio. Furthermore, it would be good to expand the research to more 
countries in the surrounding area.

REFERENCES
Areed, M. F., Amasha, M. A., Abougalala, R. A., Alkhalaf, S., & Khairy, D. (2021). Developing 

gamification e-quizzes based on an android app: the impact of asynchronous form. Education 
and Information Technologies, 26(4), 4857–4878. https://doi.org/10.1007/s10639-021-10469-4

Barna, B., & Fodor, S. (2018). An Empirical Study on the Use of Gamification on IT Courses at Higher 
Education. U M. E. Auer, D. Guralnick, & I. Simonics (Ur.), Teaching and Learning in a Digital 
World (pp. 684–692). Cham: Springer.

Ccoa, N. M., Choquehuanca, M. E., & Paucar, F. H. (2023). An Application of the Quizizz Gamification 
Tool to Improve Motivation in the Evaluation of Elementary School Students. International Journal of 
Information and Education Technology, 13(3), 544–550. https://doi.org/10.18178/ijiet.2023.13.3.1837

Desnenko, S., Pakhomova, T., Starostina, S., & Tokareva, J. (2021). Gamification in the formation 
of digital skills of future teachers. E3S Web of Conferences, 273, 12118. https://doi.org/10.1051/
e3sconf/202127312118

Deterding, S., Khaled, R., Nacke, L. E., & Dixon, D. (2011). Gamification: toward a definition. Proceedings 
of the CHI 2011 Gamification Workshop Proceedings (pp. 12–15). New York: ACM Press.

Dolin, J., Black, P., Harlen, W., & Tiberghien, A. (2018). Exploring Relations Between Formative and 
Summative Assessment. U J. Dolin, & R. Evans (Ur.), Transforming Assessment. Contributions 
from Science Education Research (pp. 53–80). Cham: Springer. https://doi.org/10.1007/978-3-319-
63248-3_3

Domínguez, A., Saenz-de-Navarrete, J., de-Marcos, L., Fernández-Sanz, L., Pagés, C., & Martínez-
Herráiz, J. J. (2013). Gamifying learning experiences: Practical implications and outcomes. 
Computers & Education, 63, 380–392. https://doi.org/10.1016/j.compedu.2012.12.020

Fernández-Gutiérrez, M., Gimenez, G., & Calero, J. (2020). Is the use of ICT in education leading to 
higher student outcomes? Analysis from the Spanish Autonomous Communities. Computers & 
Education, 157, 103969. https://doi.org/10.1016/j.compedu.2020.103969

Hamari, J. (2013). Transforming homo economicus into homo ludens: A field experiment on gamification 
in a utilitarian peer-to-peer trading service. Electronic Commerce Research and Applications, 12(4), 
236–245. https://doi.org/10.1016/j.elerap.2013.01.004

Hamari, J., Koivisto, J., & Sarsa, H. (2014). Does Gamification Work? – A Literature Review. HICSS’14 
(pp. 3025–3034). Waikoloa: IEEE Computer Society Press.

Handoko, W., Mizkat, E., Nasution, A., Hambali, & Eska, J. (2021). Gamification in Learning using 
Quizizz Application as Assessment Tools. Journal of Physics: Conference Series, 1783(1), 012111. 
https://doi.org/10.1088/1742-6596/1783/1/012111

Hanifah, M. M., Saiyidatina Balkhis, N., Nayan, N., Yazid, S., Hamid, N., Nur Hidayah, B., & Nurul 
Afifah, M. F. (2021). The Readiness of Geography Teacher Trainees in Gamification Approach. 
Review of International Geographical Education Online, 11(3).  https://doi.org/10.33403/rigeo.886475

Jo, J., Yi, E., Yang, Y., & Choi, S. H. (2021). Game-based assessment tool using convergence of gamification 
and motivation theory in intelligent tutoring system. Personal and Ubiquitous Computing, 27(3), 
1149–1159. https://doi.org/10.1007/s00779-021-01523-6

Jones, S. M., Katyal, P., Xie, X., Nicolas, M. P., Leung, E. M., Noland, D. M., & Montclare, J. K. (2019). 
A ‘KAHOOT!’ Approach: The Effectiveness of Game-Based Learning for an Advanced Placement 
Biology Class. Simulation & Gaming, 50(6), 832–847. https://doi.org/10.1177/1046878119882048

Kepceoglu, I. (2019). What do prospective teachers think about educational gamification? Science 
Education International, 30(1), 65–74. https://doi.org/10.33828/sei.v30.i1.8

https://doi.org/10.1007/s10639-021-10469-4
https://www.ijiet.org/show-186-2431-1.html
https://doi.org/10.1051/e3sconf/202127312118
https://doi.org/10.1051/e3sconf/202127312118
https://doi.org/10.1007/978-3-319-63248-3_3
https://doi.org/10.1007/978-3-319-63248-3_3
https://doi.org/10.1016/j.compedu.2012.12.020
https://doi.org/10.1016/j.compedu.2020.103969
https://doi.org/10.1016/j.elerap.2013.01.004
https://iopscience.iop.org/article/10.1088/1742-6596/1783/1/012111
https://doi.org/10.33403/rigeo.886475
https://link.springer.com/article/10.1007/s00779-021-01523-6
https://doi.org/10.1177/1046878119882048
https://doi.org/10.33828/sei.v30.i1.8


HUMAN, TECHNOLOGIES AND QUALITY OF EDUCATION, 2024
I. Đurđević Babić, N. Bošnjaković. Neural Networks in Identifying Teachers’ Self-Perceived ..

139

Kwon, H. Y., & Özpolat, K. (2021). The  Dark Side of Narrow Gamification: Negative Impact of 
Assessment Gamification on Student Perceptions and Content Knowledge. INFORMS Transactions 
on Education, 21(2), 67–81. https://doi.org/10.1287/ited.2019.0227

Lopes, A., Soler, M., Caña-Palma, R., Cortés, L., Bentabol, M., Bentabol Bentabol Manzanares, M. A., . . .  
Luna Jiménez, M. J. (2019). Gamification in education and active methodologies at higher 
education. EDULEARN19 – 11th annual International Conference on Education and New Learning 
Technologies. Palma de Mallorca: IATED.

Mårell-Olsson, E. (2022). Teachers’ Perception of Gamification as a Teaching Design. Interaction Design 
and Architecture(S), 53, 70–100. https://doi.org/10.55612/s-5002-053-004

Menezes, C. C., & Bortolli, R. D. (2016). Potential of Gamification as Assessment Tool. Creative 
Education, 07(04), 561–566. https://doi.org/10.4236/ce.2016.74058

Morris, R., Perry, T., & Wardle, L. (2021). Formative assessment and feedback for learning in higher 
education: A systematic review. Review of Education, 9(3). https://doi.org/10.1002/rev3.3292

Nousiainen, T., Kangas, M., Rikala, J., & Vesisenaho, M. (2018). Teacher competencies in game-based 
pedagogy. Teaching and Teacher Education, 74, 85–97. https://doi.org/10.1016/j.tate.2018.04.012

Orhan Göksün, D., & Gürsoy, G. (2019). Comparing success and engagement in gamified learning 
experiences via Kahoot and Quizizz. Computers & Education, 135, 15–29. https://doi.org/10.1016/j.
compedu.2019.02.015

Prestiadi, D., Zulkarnain, W., & Sumarsono, R. B. (2021). The Use of Gamification Quizizz as a Media for 
Online Learning Assessment During the Covid-19 Pandemic. Proceedings of the 7th International 
Conference on Education and Technology (ICET 2021) (pp. 45–49). Atlantis Press. https://doi.
org/10.2991/assehr.k.211126.034

Reed, D. K., Martin, E., Hazeltine, E., & McMurray, B. (2019). Students’ Perceptions of a Gamified 
Reading Assessment. Journal of Special Education Technology, 35(4), 191–203. https://doi.
org/10.1177/0162643419856272

Rojas-López, A., Rincón-Flores, E. G., Mena, J., García-Peñalvo, F. J., & Ramírez-Montoya, M. S. (2019). 
Engagement in the course of programming in higher education through the use of gamification. 
Universal Access in the Information Society, 18(3), 583–597. https://doi.org/10.1007/s10209-019-
00680-z

Rozhenko, O. D., Darzhaniya, A. D., Bondar, V. V., & Mirzoian, M. V. (2021). Gamification of Education 
as an  Addition to Traditional Educational Technologies at the  University. CEUR Workshop 
Proceedings, (pp. 457–464).

Sanchez, D. R., Langer, M., & Kaur, R. (2020). Gamification in the classroom: Examining the impact 
of gamified quizzes on student learning. Computers & Education, 144, 103666. https://doi.
org/10.1016/j.compedu.2019.103666

Sánchez-Rivas, E., Ruiz-Palmero, J., & Sánchez-Rodríguez, J. (2019). Gamification of assessments in 
the natural sciences subject in primary education. Educational Sciences: Theory & Practice, 19(1), 
95–111. https://doi.org/10.12738/ESTP.2019.1.0296

Sudakova, N. E., Savina, T. N., Masalimova, A. R., Mikhaylovsky, M. N., Karandeeva, L. G., & Zhdanov, S. P.  
(2022). Online Formative Assessment in Higher Education: Bibliometric Analysis. Education 
Sciences, 12(3), 209. https://doi.org/10.3390/educsci12030209

Thom, J., Millen, D., & DiMicco, J. (2012). Removing gamification from an enterprise SNS. Proceedings 
of the ACM 2012 conference on Computer Supported Cooperative Work (pp. 1067–1070). Seattle, 
Washington: ACM.

UNESCO. (2018). UNESCO ICT Competency Framework for Teachers. Dohvaćeno iz UNESDOC Digital 
Library: https://unesdoc.unesco.org/ark:/48223/pf0000265721

Zainuddin, Z., Farida, R., Keumala, C. M., Kurniawan, R., & Iskandar, H. (2021). Synchronous 
online flip learning with formative gamification quiz: instruction during COVID-19. Interactive 
Technology and Smart Education, 19(2), pp. 236–259. https://doi.org/10.1108/itse-01-2021-0002

https://doi.org/10.1287/ited.2019.0227
https://doi.org/10.55612/s-5002-053-004
https://www.scirp.org/journal/paperinformation?paperid=65415
https://doi.org/10.1002/rev3.3292
https://doi.org/10.1016/j.tate.2018.04.012
https://doi.org/10.1016/j.compedu.2019.02.015
https://doi.org/10.1016/j.compedu.2019.02.015
https://www.atlantis-press.com/proceedings/icet-21/125964516
https://journals.sagepub.com/doi/10.1177/0162643419856272
https://journals.sagepub.com/doi/10.1177/0162643419856272
https://doi.org/10.1007/s10209-019-00680-z
https://doi.org/10.1007/s10209-019-00680-z
https://doi.org/10.1016/j.compedu.2019.103666
https://doi.org/10.1016/j.compedu.2019.103666
https://doi.org/10.12738/ESTP.2019.1.0296
https://doi.org/10.3390/educsci12030209
https://unesdoc.unesco.org/ark
https://doi.org/10.1108/itse-01-2021-0002


HUMAN, TECHNOLOGIES AND QUALITY OF EDUCATION, 2024
I. Đurđević Babić, N. Bošnjaković. Neural Networks in Identifying Teachers’ Self-Perceived ..

140

Zainuddin, Z., Shujahat, M., Haruna, H., & Chu, S. K. (2020). The role of gamified e-quizzes on student 
learning and engagement: An interactive gamification solution for a formative assessment system. 
Computers & Education, 145, 103729. https://doi.org/10.1016/j.compedu.2019.103729

Information about the authors
Ivana Đurđević Babić, PhD, is a Full Professor at the Faculty of Education, University of Osijek, 
Croatia. She is the head of the Sub-department of Information, Communication and Technics at 
the Faculty of Education. Her scientific research focuses on the neural networks, expert systems 
and artificial intelligence as well as the use of the ICT in education.
Natalija Bošnjaković is a primary school teacher at Elementary School Vođinci. She is a PhD 
student at the Faculty of Education, University of Osijek, Croatia. Her primary scientific interest 
focuses on the application of digital gamification and the use of ICT in primary school education.

https://www.sciencedirect.com/science/article/abs/pii/S0360131519302829?via%3Dihub



