International
Journal
on
International
Journal
VOLUME 9 · ISSUE 1· APRIL 2022on
·

Advances
Advances in
in Education
Education Research
Research

Multidisciplinary Journal for
Education, Social and Technological Sciences

MUSE

Multidisciplinary Journal for Education,
Social and Technological Sciences

EISSN: 2341-2593

Table of contents
Technical university students’ feedback on studying English
online under the COVID-19

1-13

Oksana Chugai, Larysa Svyrydova

Playing, Constructionism, and Music in Early-Stage Software
Engineering Education
Nicolas E. Gold, Ross Purves, Evangelos Himonides

14-38

An Analysis of the Link between Metacognitive Beliefs and
Academic Health-oriented Lifestyle Preventive Behaviours
Mediated by Self-efficacy during the COVID-19 Pandemic
Fatemeh Moradi, Sara Aghaei Sabet, Sahar Soufi

39-58

The Sustainable Development Goals (SDGs) applied to
Mechanical Engineering
Carlos Llopis-Albert, Francisco Rubio, Shouzhen Zeng, Juan GrimaOlmedo, Carlos Grima-Olmedo

59-70

English Language Proficiency of Senior High School Students
Jomel Balinuyus Manuel

71-86

Doctoral Education in Ukraine: the Application of Digital Tools
and Services by Doctoral Students under COVID-19 Pandemic
Lyudmyla Khoruzha, Olena Lokshyna, Nataliia Mazur, Volodymyr
Proshkin

97-112

Mult. J. Edu. Soc & Tec. Sci. Vol. 9 Nº 1 (2022) | i
http://polipapers.upv.es/index.php/MUSE

Multidisciplinary Journal for Education,
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16142
ISSN: 2341-2593

Technical university students’ feedback on studying
English online under the COVID-19
O. Chugaia , L. Svyrydovaa
a

Department of Technical English. National Technical University of Ukraine, 37, Peremohy Ave,
Kyiv, 03056, Ukraine.
*Correspondence: OChugai@meta.ua
Received: 29August 2021; Accepted: 02 February 2022; Published: April 2022

Abstract
The paper reveals the results of the survey, carried out by non-linguistic students of the
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”. Special
attention is devoted to comparative analysis of feedback from respondents studying English online
at the Institute of Physics and Technology (IPT) and Instrumentation Engineering Faculty (IEF)
under COVID-19. The actuality of the study is determined by the necessity of learning about
technical students’ experiences studying English online during the 2020–2021 academic year for
educators to design effective online courses and strategies and adjust teaching practices
accordingly. To achieve the aim, the following tasks were completed: technical, methodological
and psychological aspects of studying English online during the 2020–2021 academic year under
COVID-19, to use descriptive statistics for processing the obtained data. The results of the survey
are analyzed, described and presented in the paper; recommendations are given. Overall, the
respondents positively assessed their experience of studying English online under the COVID-19.
Keywords: Technical university; students’ feedback; COVID-19; online learning; studying
English
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1. Introduction
The COVID-19 pandemic brought drastic changes to practically any aspect of people’s lives
all over the world. Strict regulations had to be followed in order to stop the disease from spreading
rapidly. The necessity to provide social distancing became a threat to the quality of education.
Face-to-face classes were replaced by remote ones conducted online, changing educational
environments around the world. The closure of educational institutions was painful not only for
educational authorities, teachers, and students, but for many more people, as it affected whole
families. A rapid shift from brick to click, seminar to webinar raised a lot of questions to be
answered (Ubaid-ullah, 2021). The research on the issue of teaching online during the pandemic is
devoted mostly to technical, psychological, and methodological aspects (Adarkwah, 2021; AlbaLinero et al., 2020; Erdmann et al., 2021; Gokuladas & Baby Sam, 2020; Kimmel et al., 2020).
Technical issues became of utmost importance for many students and teachers, sharpening the
problems that existed before the pandemic (Mathur & Singh, 2020).Svyrydova Providing the only
way to continue teaching and learning, the very access to online education, technical issues
disclosed the disparity between high-income and low-income countries. No devices, no internet
access at home revealed the Digital Divide, which meant that millions of students were
disconnected and their studying was disrupted (UNESCO, 2020). Even when students had internet
access and devices, they lacked the necessary skills which ensured their active participation in
online lessons.
Methodological issues related to what, how, and when it was better to teach in order to reach
the goals of the language course, were also important, as online is a totally different environment
compared to conventional. Therefore, adjusting the regular practices according to the quarantine
restrictions and trying to maintain a continuous educational process, teachers had to use new
methods related to planning and designing online courses, preparing students for learning English
online, conducting a transparent and fair assessment, interacting effectively (Kimmel et al., 2020,
p. 4). Teaching online was not what teachers of English usually did before the pandemic. However,
it is considered a new reality impossible to deny and according to which teaching methods are
chosen and exploited differently (Yucesoy-Ozkan et al., 2020, p. 51).
Psychological issues related to the difficulties to adapt to new reality, to communication
online, which teachers and students had to do confined to their homes. The very thought of
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impossibility to go anywhere, to have choices about the ways to study and spend their free time
was difficult to accept for both, teachers and students. Social distancing in public places, looking at
black squares instead of human faces during video conferences, practically unlimited screen time
certainly affect the mental health of students (Erdmann et al., 2021, p. 23).
The necessity of reflecting on students’ experience and their learning outcomes became the
precondition for research in the area of teaching online (Camilleri, 2021, p. 4). The issues of
compatibility and readiness of students to study online, factors that motivate and hinder remote
learning, strategies for the effective implementation of online learning at higher education
institutions are of vital importance (Khalil Awan, 2021). Researchers focused on the evaluation of
online courses (Lukianenko & Vadaska, 2020), psychological and operational aspects of online
education (Gokuladas & Baby Sam, 2020), obstacles to effective learning online (Aslam, 2021;
Chang, 2020; Dogar et al., 2020; Kimmel et al., 2020), supervision and evaluation of online
learning experience (Adarkwah, 2021, p. 1, 2). Indeed, there are some important issues that are still
uncovered by research. Therefore, the actuality of the study related to feedback of technical
students was determined by the necessity of learning what students of a technical university
thought about their experience of studying English online for educators to develop more effective
strategies, adjust teaching practices to students’ needs, and plan the language course accordingly.
The article aims to conduct a comparative analysis of feedback from Ukrainian technical
university students studying English online at the Institute of Physics and Technology (IPT) and the
Instrumentation Engineering Faculty (IEF) under the COVID-19. To achieve this aim, the
following tasks are to be completed: to establish technical, psychological, and methodological
aspects of studying English online during the 2020–2021 academic year under COVID-19, to
exploit descriptive statistics for processing the obtained data, and give recommendations for
teachers of English.
In the study, we propose two hypotheses:
Hypothesis A: technical university students had mostly positive experiences learning English
online during the 2020–2021 academic year.
Hypothesis B: technical university students had mostly negative experiences learning English
online during the 2020–2021 academic year.
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2. Materials and methods
Research design. A mixed-method research design was used in the study: quantitative and
qualitative data were obtained from the surveys completed by students of the Institute of Physics
and Technology (IPT) and the Instrumentation Engineering Faculty (IEF) of the National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”. The students were instructed by
the teachers who worked at the Department of English for Engineering. Qualitative data was
received through feedback via Zoom sessions and in written form.
Participants. This study was conducted at the National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”. The online mode of studying was introduced in March 2020
in Ukraine; therefore, technical university students had no regular face-to-face classes in the 20202021 academic year. The survey was completed by Institute of Physics and Technology (IPT)
students (N = 25) and Instrumentation Engineering Faculty (IEF) students (N = 43) in the first,
second, and third years of study in June 2021. About 700 students’ responses in total were
analyzed. The participants had different language proficiency levels, from intermediate to
advanced. This study is ethical because all respondents volunteered to take part in the survey and
gave their consent.
Instruments and procedure. The survey used a Likert scale (prompt 1: “never” / “practically
never” / “from time to time” / “often” / “always”; prompts 2-8: “strongly agree” / “agree” /
“neutral” / “disagree” / “strongly disagree”; prompt 9: “excellent” / “good” / “quite good” / “could
be worse”; prompt 10 provided multiple responses) (See Appendix A). The researchers exploited
descriptive statistics; they calculated the median of each item, i.e., what most respondents believed,
and the interquartile range of each item, i.e., how strongly respondents agreed with each other. The
median (Mdn) was used to measure central tendency, the inter-quartile range (IQR) showed the
spread of the responses. The survey covered technical, psychological, and methodological aspects
of studying English online during the 2020–2021 academic year under COVID-19. In addition,
there was an opportunity for the respondents to leave additional comments at the end of the survey
in Google Form.

3. Results and discussion
The findings of the study showed that most IPT and IEF students indicated agreement with
prompt No. 1 (See Appendix A), that they practically never experienced technical problems (Mdn =
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2, IQR =1). It could be partially explained by the fact that considering the negative experience at
the beginning of the quarantine in March 2021, there was an official requirement for students to
have the necessary equipment and internet access to ensure studying online at the beginning of the
2020-2021 academic year. These results are consistent with the previous studies at a Spanish
university, which showed that most students did not have technical problems (Alba-Linero et al.,
2020, p. 85). However, some Spanish students complained of poor internet connectivity (AlbaLinero et al., 2020, p. 86). Other difficulties included the high cost of internet data bundles,
technical problems with online platforms, electricity supply, lack of IT skills, and limited ICT tools
(Adarkwah, 2021, p. 1).
Responding to prompt No. 2 about studying from home, IPT students strongly agreed (Mdn =
1, IQR = 1), while IEF students agreed (Mdn = 1, IQR = 1.5) with that statement (See Appendix
A). Some students mentioned in their comments that they managed to study while working; some
stayed at the dormitories in Kyiv, not in their hometowns. According to the responses, studying
online was comfortable (prompt No. 3), as most IPT and IEF students agreed with that statement
(Mdn = 2, IQR =1). They provided some reasons for such a choice: saving traveling time, cutting
expenses on food and accommodation, focusing on the subjects that were important to them. The
responses showed that students had enough free time to find a job, new hobbies, and take extra
courses online (prompt No. 4, see Appendix A), as most IPT and IEF students agreed with that
statement (Mdn = 2, IQR =1). Students explained in their comments that they discovered some free
online courses during the pandemic, and they decided to use that opportunity to complete one or
even more courses on different subjects. Besides focusing on their specialty, students
communicated in English and practiced using it in real-life situations. It is important to know that
all the students experienced studying online in spring 2020 (March, April, May). Some attended
additional classes online in the summer, got part-time jobs, and, in spite of all the restrictions of the
quarantine, managed to study and work. It was predictable that, because of the pandemic, there
would not be face-to-face classes in the 2020-2021 academic year, and students had already
accepted that adjusting to the new reality.
Technical university students were familiar with cooperative learning before the quarantine as
teachers used various interaction patterns; learning online, they got used to the breakout rooms of a
videoconferencing platform called Zoom. Most IPT and IEF students agreed with prompt No. 5
(See Appendix A) about enjoying work in pairs or groups (Mdn = 2, IQR = 1). The experience
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related to interaction patterns was closely related to interactive activities students were engaged in:
before the pandemic, IPT and IEF students also played games, completed quizzes, and did roleplays at the English lessons working individually, in pairs, small groups, or whole class. That is
why some researchers indicated that familiar activities made communication online easier:
gamification and collaboration fostered online learning acceptance by teachers and students
(Adarkwah, 2021, p. 1, 2); games, quizzes, and role-plays created a relaxing atmosphere at the
English lesson (Chugai, 2020; Stavytska et al., 2021). According to another research, the
introduction of gamification tools facilitated meaningful learning, having a positive impact on the
professional motivation of the teacher and the academic performance of students as well (GómezEjerique, & López-Cantos, 2019, p. 67). Overall, the results of our research confirmed that most
students of both faculties enjoyed games and quizzes like Quizlet, Kahoot, Wordwall, in their
English class. It could be explained by the fact that engaging in interactive communication lowered
the affective filter that was caused by negative emotions, and, consequently, enhanced students’
ability to use English freely (Larsen-Freeman & Marti Anderson, 2011, p. 294). However, a
comparison of the results showed though that IPT students were more enthusiastic about
gamification responding to prompt No. 6 (See Appendix A), indicating “strongly agree” (Mdn = 1,
IQR = 1), while IEF students chose “agree” and their opinions were somewhat polarized (Mdn = 2,
IQR = 2) which could be explained by individual differences.
Responding to prompt No. 7 about assessment (See Appendix A), most IPT and IEF students
agreed that tests were easier to complete online than face-to-face (Mdn = 2, IQR =1). Students took
quick Classtime tests aimed at checking the material of the previous lessons or home assignments.
Unfortunately, taking tests online was attractive for some students because of the opportunity to
cheat and get more points (Chugai, 2021, p. 111). These results differ from those provided by
another study when students of a Spanish university did not indicate any changes resulting in
improvement or worsening related to learning online (Erdmann et.al., 2021, p. 33). In fact, some
universities practiced open-book examinations (OBE) when students could use any supplementary
materials in order to complete a test and learn something new (Ubaid-Ullah, 2021, p. 1).
However, it was not a usual way of conducting tests or examinations at technical universities
in Ukraine. Still, teachers set time limits, created a friendly atmosphere, conducted error correction
after revealing the answers and provided feedback, aiming at motivating students to be honest and
not be afraid of making mistakes. Detailed feedback on students’ performance was of vital
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importance for motivating and encouraging them to take an active position, to be responsible for
their progress (Nikolaeva, Korol, 2021). At the same time, some students were aware of the
possibility to cheat when taking tests online. Using alternative assessment methods such as
presentations, peer-review, self-assessment, or rubric-based projects could encourage students to
act in accordance with academic integrity principles.
According to the feedback for prompt No. 8 (See Appendix A), most IPT and IEF students
thought the English lessons were beneficial for them (Mdn = 2, IQR =1). Assessing their overall
experience learning English online in response to prompt No. 9, most IPT and IEF students thought
it was good, but at the same time, IPT students were more decisive about that (Mdn = 2, IQR = 0)
than IEF students (Mdn = 2, IQR = 1).
In general, the responses of technical university students to the prompts of the survey were
quite similar (Mdn = 2, IQR = 1), just the ones about working in pairs or groups were slightly
different (Mdn = 2, IQR =1.25). The results of the survey showed that while studying English
online, non-linguistic students practically never experienced technical problems. Furthermore, most
studied from home, which was comfortable for them. The students had free time to find new
hobbies, get a job, or do extra courses online. Most respondents enjoyed working in pairs or
groups, as well as interactive activities like games, quizzes, and role-plays. Most students claimed
that online tests were easier than face-to-face. The respondents considered English lessons online
beneficial for them and assessed their overall experience as good, which is in keeping with the
results of another survey according to which students of a Spanish university were content with
new digitalized learning environments within their institutions (Erdmann et.al., 2021, p. 34). The
results presented here do not support the findings of Adarkwah (2021), who claimed that in spite of
considering the adoption of online learning as the best way to continue education during the
pandemic, students concluded that the online instruction was ineffective. It is worth mentioning
that the results obtained in our research were proved by regular tests and the final module tests as
well.
Responding to prompt No. 10 (See Appendix A) about the ways of looking for help with
English assignments, respondents could choose several options (see Table 1).
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Table 1. Responses about ways of looking for help with English assignments (prompt 10)
Options

Students IEF, %

Students IPT, %

Difference, %

Ask a teacher

9

23

-14

Ask a peer

15

17

-2

Google it

44

23

+21

Use the context

9

23

-14

All above

23

14

+9

IEF students chose “Google it” first of all (44% out of all the choices they had), while IPT
students most frequently chose three options: “ask a teacher”, “Google it”, and “use the context”
(23% each). The average result for technical university students was the choice “Google it”, which
was predictable. In fact, even in face-to-face classes before the pandemic, some students could not
resist the temptation to “Google it” before asking a peer, teacher or using the context.
To conclude, in this research the responses of the two groups of students to most prompts of the
survey were quite similar. However, the responses of students from a Spanish university differed
depending on the study branches, which could be explained by familiarity with the use of
technology and the level of social interaction in these faculties. In addition, some teachers
overloaded students by assigning projects and essays for homework causing a negative attitude
towards studying online (Erdmann et.al., 2021, p. 32).
A few students in our research responded to open-ended prompts and provided additional
comments about English lessons. This activity was not obligatory, and students were reluctant to
spend more time completing the survey. IPT students wrote that they especially enjoyed team
games, sessions with native speakers, and solving puzzles. However, students felt a lack of face-toface communication. Students of a Spanish university also wrote about mental and psychological
risks triggered by social isolation (Erdmann et.al., 2021, p. 33). In addition, it was unusual for some
IPT students to speak English only, and it took some time to get used to it (Chugai, 2021, p. 112).
Speaking their native language in a foreign language class is a contentious issue. If a native
language is often used, students do not consider English appropriate for real-life situations and find
it strange when a teacher speaks English before, during, and after the class. In contrast, when all the
participants in communication speak English, it is considered authentic, i.e., the language used in a
real context (Larsen-Freeman & Marti Anderson, 2011, p. 294). IEF students also provided positive
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comments and described their lessons as informative, engaging, and useful. They mentioned games
and tests as the most interesting activities, described the personality of a teacher, and were
appreciative of such a positive experience. The students also used emoticons to indicate their
positive feedback. To conclude, hypothesis A that technical university students had mostly positive
experiences learning English online during the 2020–2021 academic year was proved to be true.
Our recommendation concerning technical issues is to make students aware of the requirements
to have the necessary equipment to ensure studying online; methodological and psychological
issues could be resolved by implementing cooperative learning, various interaction patterns
possible by means of breakout rooms, games, quizzes, online tests, alternative assessment.

4. Limitations to the study
Though the study provided valuable information on technical university students’ feedback on
learning English online during COVID-19, there were limitations to the study. The study was
carried out during the second semester of the 2020–2021 academic year. However, more data is
needed to draw conclusions about the effectiveness of online learning and its long-term
consequences. Additionally, the number of IPT and IEF students was not equal. The next steps
when conducting another research project will exclude these limitations.

5. Conclusions
A comparative analysis of the feedback of Ukrainian technical university students studying
English online at the Institute of Physics and Technology (IPT) and Instrumentation Engineering
Faculty (IEF) showed that while the responses to the prompts of the survey were quite similar, the
responses about interaction patterns were slightly different. The results of the survey showed that
while studying English online, technical university students practically never experienced technical
problems studying from home. For most, studying online was comfortable: they had free time to
find new hobbies, get a job, or do extra courses online. Most respondents enjoyed working in pairs
or groups, as well as interactive activities like games, quizzes, role-plays, and online tests. The
respondents considered English lessons online beneficial for them and assessed their overall
experience positively. The recommendations for teachers of English are related to implementing
cooperative learning, various interaction patterns, games, alternative assessment.
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Appendix
Appendix A
The survey for students
“Studying English online under the COVID-19”
Prompt 1. I experienced technical problems (“never” / “practically never” / “from time to time” /
“often” / “always”);
Prompt 2. I studied from home (“strongly agree” / “agree” / “neutral” / “disagree” / “strongly
disagree”);
Prompt 3. Studying online was comfortable for me (“strongly agree” / “agree” / “neutral” /
“disagree” / “strongly disagree”);
Prompt 4. I had free time to find new hobbies / job /do extra courses online (“strongly agree” /
“agree” / “neutral” / “disagree” / “strongly disagree”);
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Prompt 5. I enjoyed working in groups/pairs (“strongly agree” / “agree” / “neutral” / “disagree” /
“strongly disagree”);
Prompt 6. I enjoyed games / quizzes / role-plays at the lessons (“strongly agree” / “agree” /
“neutral” / “disagree” / “strongly disagree”);
Prompt 7. Tests are easier to complete online than F2F (“strongly agree” / “agree” / “neutral” /
“disagree” / “strongly disagree”);
Prompt 8. My English lessons were beneficial for me (“strongly agree” / “agree” / “neutral” /
“disagree” / “strongly disagree”);
Prompt 9. I assess my overall experience learning English online as (“excellent” / “good” / “quite
good” / “could be worse”);
Prompt 10. When I needed help with my English assignments (“ask a teacher” / “ask a peer” /
“Google it” / “use the context” / “all above”);
Provide additional comments on your experience studying English online (open).
(Self-developed)
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Abstract
Understanding that design involves trade-offs, thinking at multiple levels of abstraction, and
considering the cohesion and coupling between sub-components of a larger whole is an important
part of software (and other) engineering. It can be challenging to convey such abstract design
concepts to novice engineers, especially for materials that are themselves abstract (e.g., software).
Such challenges are compounded when teaching at the secondary school stage where students have
limited experience of large-scale design challenges that motivate the need for abstraction at all. In
this paper, we describe a method for introducing these concepts to secondary school students using
LEGO® and Raspberry Pi computers, asking them to build musical instruments as an entertaining
way of motivating engagement with learning about design through play. The method has been
successfully piloted in a series of three classroom sessions and key observations and experiences
of using the method are presented.
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1. Introduction
Coding is an increasingly important part of school curricula with governments around the world
requiring it to be taught from the earliest years (Rich et al, 2019). In Europe and the US, concerns
have been expressed about education in informatics (Barendsen & Steenvoorden, 2016) and in the
UK a Royal Society (2012) report on unsatisfactory Information and Communication Technology
(ICT) teaching in schools led to curriculum changes (HM Government, 2013).
Despite these improvements, student activities are still simple compared to the scope and scale
of professional software engineering and it would be unreasonable to expect school students with
limited software development experience to immediately assimilate the need for, and appreciate the
problems of, large-scale software development. Hislop (2008) claims that it is the scale and
complexity of software systems that drives the problems and practices of software engineering, and
that until students gain some understanding of this they find it hard to appreciate what software
engineering tries to address. Ludewig (2008) states that software engineering is not just a set of
topics but is primarily a mindset like that of engineers. Ali aligns software engineering with other
engineering disciplines as something requiring a team effort (Ali, 2006). Exposing students to the
kind of thinking and practice required at an early stage may therefore better prepare them for the
challenges ahead. Monteiro et al. also identify the desirability of signifying broader software
engineering (beyond coding) at this stage of education (in their case particularly software
quality) (Monteiro et al., 2017).
Wing (2006) argues strongly for “computational thinking” (beyond programming) to be
promoted to “pre-college” audiences. Tsai et al. (2021) survey a range of computational thinking
studies that characterize it in various ways. Of particular relevance to our work, Brennan and Resnick
(2012) defined three dimensions of computational thinking: computational concepts, computational
practices, and computational perspectives. The first of these deals mainly with programming, the
second with the development of design practices, and the third with designers’ views of the world
and themselves. Our work here is situated mainly in the second (and to some extent the third) of
these dimensions. This focus also aligns with the Cooperativity, Creativity, Critical Thinking, and
Problem Solving elements of the framework developed by Doleck et al. (2017), and the Abstraction
and Decomposition elements of Selby and Woollard’s (2013) definition.
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In this paper, we present a pilot, exploratory, qualitative action-research study built on three
sessions of activities to introduce a class of secondary-school children to computational thinking
practices whilst being active, engaging and fun (Alanazi (2020) identifies active recreational
activities as valuable in the context of the similarly pedagogically-challenging field of mathematics).
We applied educational theory (constructivist methods), used teamwork and reflection, and
introduced technical concepts using non-technical approaches. Our objective was to explore whether
the combination of music and making could lead to effective opportunities for software engineering
education and to discover the practical issues involved. The focus was therefore primarily on the
exploration and feasibility of our approach to the development of computational practices and
perspectives.

2. Theoretical Background and Related Work
Our research is underpinned by the interrelated concepts of constructivist and constructionist
learning (most strongly associated with the work of Piaget and Vygotsky). As Gogus notes,
“Constructivist learning claims that learners do not just absorb information. Instead, learners
construct information by actively trying to organize and make sense of it in unique ways” (2012,
p.783) noting also that Piaget asserted that individuals do this through constructing mental models
and schemas, which undergo further revision through the processes of assimilation, accommodation
and correction. Vygotsky’s contribution was to highlight the extent to which these processes are
socially and culturally influenced. Thus, individuals’ constructions depend on interaction with peers,
“more knowledgeable others” (often teachers, parents or workshop leaders) and prior experiences
with “cognitive tools” such as language, technical, cultural and historical awareness.

Papert

developed these concepts further to become constructionism, arguing that it is through making
tangible things that we consolidate these models and schemas through physical representation (Papert
& Harel, 1991; James, 2013). This deep and powerful connection between the concrete and the
abstract often leads to descriptions of constructionism such as “thinking through our fingers” or
making “objects to think with”. Yet these physical representations also contribute to the social aspects
of learning, since they provide a shared focus for group tasks and scaffold communication between
collaborators (Jensen, 2017). Whilst Franco and Gillanders’ (2014) work is aimed at masters students

Gold et al. (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 14-38. https://doi.org/10.4995/muse.2022.16453
16

Multidisciplinary Journal for Education
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16453
e-ISSN: 2341-2593

studying secondary school education, we nonetheless note their positive conclusion that where
learners’ voices are heard, they take a leading role in their own learning.
The desire to build tangible objects to meet given objectives, and the pride and satisfaction that
can result, invokes another of Papert’s theoretical principles: “hard fun”. Learners, it is argued, will
typically persevere in the construction of these objects, overcoming all manner of technical
challenges in the process. As Papert (2002) once observed, children often describe constructionist
learning activities as fun because they are hard, rather than in spite of them being hard.
The term ‘flow’ is most associated with Csikzentmihalyi and refers to “a state of optimal
experience characterized by total absorption in the task at hand; a merging of action and awareness
in which the individual loses track of both time and self” (Schmidt, 2010, p.605). Similarly, and
particularly during group-based activities, rich instances of “divergent thinking” may also occur
which result in the generation of many diverse ideas of tackling the same problem. This typically
involves “breaking a topic down into its various component parts in order to gain insight about the
various aspects of the topic” and implies that “not only one solution may be correct” (Razumnikova,
2012, p.1028).
There are strong links here with another concept associated with Papert and collaborator Sherry
Turkle, but originally due to the anthropologist Levi-Strauss. In their analysis of computer
programming style, Turkle and Papert (1990) famously drew distinctions between “top down
planners” and “bricoleurs” who were observed to hone in on a programming solution from amongst
many alternative approaches through a playful, interactive approach: “bricoleurs have goals, but set
out to realize them in the spirit of a collaborative venture with the machine… bricoleur programmers
prefer negotiation and rearrangement of their materials” (p.136). The term bricoleur derives from the
French verb bricoler, meaning “to tinker” and, more recently, proponents of the educational maker
movement have adopted the English term to describe making activities which realise learners’
personal creative goals through various “scientific and technical tools, processes, and phenomena”
(Bevan et al., 2015, p.99). Tinkering invokes the principles of “exploration, questioning, iterative
designing and testing, and problem solving” (ibid., p.99–100) to achieve creative, aesthetically
satisfying and self-expressive goals.
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Ben-Ari (1998) explored constructivism and bricolage in computer science education arguing
that, whilst bricolage can help in introductory courses, it can manifest in computer science as endless
debugging and ultimately fail to develop the skills of hypothesis creation and testing based on
models, needed for professional practice. Our aim in the work reported here was in part to lead
students towards design reasoning activities that could lead to a more model-based approach.
Baretè, Formica et al. (2017) identified music as an effective way to engage secondary-school
children in learning computational thinking. They focus on coding tasks by which music is
manipulated and computational thinking thereby learned. This addresses motivation but not
necessarily scale and complexity. Baratè, Ludivico and Malchiodi (2017) and Ludovico, Malchiodi
and Zecca (2017) report work in which LEGO® bricks are used as a physical representation of
musical elements such as scores and score segments. Other authors have successfully tapped into
the attraction of music performance for computing education (Ruthmann et al., 2010). These works
lean more towards code-level representations (either directly or in musical equivalents); while
acknowledging the necessity and value of this, the work we report here was focused more on largerscale software engineering issues and computational practices (see Brennan and Resnick, 2012). The
reported success of LEGO® use in computing education suggests the potential for making-related
work more broadly. Rode et al. extended previous work on computational thinking to computational
making, identifying several relevant concepts: creating, constructing, and material understanding
(Rode et al., 2015). We consider and incorporate these concepts in our work. Our approach shares
some characteristics of Bellettini et al.’s algomotricity (Bellettini et al., 2014) in the sense of having
three phases and combining tangible and abstract learning about a topic at a high school level.
Although exploratory activities are incorporated in our work, our approach is a little more instructordirected, focuses more on explicit reflection rather than scaffolded discovery, and addresses broader
concepts.
LEGO® has also been used in professional software (and other) engineering training and
education e.g. SCRUM (Paasivaara et al., 2014; Krivitsky, 2017), team communication (Schulz &
Geithner, 2011) and development (Bulmer, 2009), and requirements engineering and dependability
(Kurkovsky, 2015). These works do not incorporate musical aspects in their methods.
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In summary, our work is related to but distinct from that described in this section. It draws on
theories of constructionist and constructivist learning, is motivated by the desire to lead students
towards design reasoning at a relatively early educational stage, and draws on evidence of success in
using music and making as motivational and educational strategies in coding and computational
thinking, and the use of LEGO® in software engineering education itself. It explores broader
practices and concepts than coding, uses music performance built on LEGO® construction activities
as both motivation and a tangible material exploration, and through this aims to stimulate the
development of the design skills and reflection needed for large scale software development in future.

3. Pilot Study
3.1. Design
The concepts we were interested in conveying to students are interconnected through a key
principle: ‘separation of concerns’ (SoC). Dijkstra (1982) describes SoC as focusing attention on
one isolated aspect (among many) of a subject whilst being aware that this is what one is doing: not
ignoring other aspects but regarding them as irrelevant from the perspective of the aspect in focus.
Dijkstra summarises this as “…being one- and multiple-track minded simultaneously” (p. 1). From
this fundamental principle flow the concepts of abstraction, modularization, and sub-component
interfacing that become increasingly relevant (indeed necessary) as the scale of systems increases,
and act as the foundations of more advanced techniques such as object-orientation. These concepts
require multi-level thinking and design trade-offs to consider how to arrange desired functionality
among the components of a system and balance various possible solutions. Abstraction (and some
related concepts) also strongly feature in discussions of computational thinking (e.g. Wing (2008),
and Selby and Woollard (2013)). In musical terms, they might translate, for example, to keeping the
properties and design of a guitar body in mind while focusing on the neck (and vice versa), and not
losing sight of the interface that will connect them.
Since our aims were exploratory, we designed activities to allow observation of students’
responses without overly constraining our stimuli. We assumed they would have some familiarity
with LEGO® and would be ready for music-related activities consistent with their regular curricular
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experiences, although did not assume specific musical knowledge. We also did not assume any
explicitly-evidenced skills or knowledge of things like abstraction, design, and trade-offs. Students
would encounter teamwork and organisation, affordance, instruction following, creative thinking,
and reflective consideration of the materials and methods produced.
Our programme delivery was structured into three sessions; (1) material familiarization and
creative free-building of instruments, using musical performance to motivate students and help them
understand physical sound creation; (2) promoting team-work aspects through a more structured
instruction-led build of an mbira (a generic name for Sub-Saharan African instruments of the
lamellophone family, consisting of a resonating chamber, sound board and a series of plucked thin
metal plates called lamellae (McNeil & Mitran, 2008; Montague, 2011)), and introducing
standardization in design; (3) introducing standardization to sound excitation through mechanism,
and the separation of production from actuation by substituting physical sound production for digital
synthesis.
We procured many LEGO® Technic parts (and some from previous LEGO® Serious Play work
(Purves, 2019)) to create sets for the mbiras and other activities. Sets were assembled in plastic
sorting boxes before transportation to school. Other items included tablecloths to damp classroom
noise (Jensen et al, 2018), sticky notes, rechargeable speakers, and instruments (our own and
classroom resources) for scaffolding and performance. Instructions were created as a photo sequence
(see example step in Figure 1).
We provided a pre-built synthesizer platform of Raspberry Pis with BrickPi kits (Dexter
Industries, 2019) to allow LEGO® EV3 sensors to trigger Sonic Pi (Aaron & Sonic Pi Core Team,
2021). We extended BrickPi and Sonic Pi demo code to scan buttons, trigger notes, and select voices.
A ‘modifier button’ permitted pitch shifts (allowing an octave compass over a pentatonic scale: [C,
D, E]/[G, A, C]).
Detailed consideration was given to ethics issues. Multi-stage informed consent from all
relevant parties was obtained (gatekeeper consent from school senior management first, then
parent/guardian consent for each child, and staff, covering photography, video, and feedback). We
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sought information from the school in advance to ensure inclusivity and access, and controlled for
physical health and safety risks (the fieldwork took place prior to the Covid-19 pandemic).
The study was carried out in accordance with the British Educational Research Association
2018 Ethical Guidelines for Educational Research. It was approved by the UCL Institute of Education
Research Ethics Committee (1229 / Z6364106 2019 05 174 social research).

Figure 1. LEGO® Mbira designed for this activity.

3.2. Experiences
For our three sessions, we worked with a class of 22 UK secondary-school children aged 11–
12 and their teacher. Sessions took place during weekly music lessons of about an hour.

We led

each session with the support of the teacher. During the sessions we took notes, photos, and video,
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and (with the teacher) helped students with questions and suggestions. Students sat around tables in
groups of two to five.
3.2.1. Session 1 - Affordance and Performance
Session 1 aimed to give students understanding of the material affordance of LEGO ® in the context
of making and playing musical instruments (reflecting recent trends in English education policy that
stress the importance of musical sound as the dominant language of school music lessons (Atkinson,
2018)); performance became a motivation for making. We had approximate timings in mind but
adapted “in the moment” to student and session progress. As students entered the room, we played
live music (improvising around a simple salsa montuno pattern), the same kind of piece within which
students were asked to join at the end. We introduced the project motivation, the series of sessions,
and this session in particular. Students were started on the first activity: freely building a shaker out
of the available bricks. We then suggested alternative instruments to build (guiro, zither, drum).
Once all had created instruments, we verbally taught simplified versions of standard salsa rhythmic
patterns (e.g. son clave and tumbao) to each instrument group through imitation, then joined in as at
the start. Finally, we asked students to reflect on their activity, noting anonymous thoughts on sticky
notes.
Session 1 was very successful, with all students occupied, excited, and participating fully. There
was a palpable sense of ‘flow’ throughout, evidenced through very little off-task pupil behaviour and
the speed at which many groups completed activities. The simplest instruments were built quickly,
needing our contingency plans for additional instruments. Some groups worked more collaboratively
(emphatically discussing their ideas with each other, sharing or copying ideas) and others “alongside”
each other rather than in collaboration, illustrating important differences between “cooperative
learning” and “parallel learning” within team-based activities (Kindred, 2017).
The exercise led to considerable divergent thinking. Shakers were produced in a variety of
shapes and sizes, with some joined to each other, others including handles (initially one girl added a
handle, then others on the table adopted the idea), and one a long ‘baton’-style shaker. Handle
strength was initially poor but, in line with constructionist theory, the designs improved following
discussions between pupils and with the researchers. Some shakers were subsequently repurposed as
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drums. One group focused more on aesthetics and ornamenting their shakers using doors and
windows. Such adornments may at first seem trivial but constructionists also stress the importance
of complementing the technical or scientific effectiveness of learners’ creations with personallymeaningful decoration (Resnick, Berg & Eisenberg, 2000).
In plenary reflection, one boy observed that larger, flatter and thinner ‘white wall’ bricks worked
well because they “bang against things”. Students also noted that using smaller pieces made more
noise and rattled more, and that the ‘gate’ pieces have holes in them that release the sound more.
Notwithstanding the earlier point regarding decoration, they also noted that making shakers look
good may not, in itself, lead to instruments that feel or sound good. Reflecting on the design of
handles, they noted that thicker handles were needed to avoid them breaking.
When building instruments in the second stage (Guiro, Large Shaker, Hand Drum) students
engaged spontaneously in comparison to a real drum, or lifting the drum to extract more sound, reengaging students whose attention was starting to wane.
There is evidence here of some of the concepts we were aiming to draw students towards. They
were clearly considering design trade-offs between aesthetics and functionality. They also showed
aspects of modular thinking in terms of developing shakers and handles separately (although it is not
clear from the evidence that modularization as a concept was an explicit consideration in the minds
of students). Moreover, in both their descriptions of effective features of shaker design and in their
ability to derive and replicate key properties of other instruments, they were demonstrating an ability
to abstract particularly salient features. Some of the instruments resulting from this session are
shown in Figure 2.
3.2.2. Session 2 - Consolidation, Reflection and Direction
The second session was designed to remind students of their previous work, provoke further
reflection on Session 1 outcomes, and prepare them for Session 3. We started by recapping our aims
and the salsa patterns before playing together again. We had swapped the instruments so that students
were unlikely to be playing one that they created themselves, to provoke deeper reflective discussion
based on inspection and playing experience of others’ designs. It was intended as a means of
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consolidating and extending prior learning through exposure to novel scenarios (Mintzes &
Wandersee, 2005).

Figure 2. A Selection of the Free-Build Instruments

Students were then directed to the mbira components and instructions and the exercise
explained to them. They then started building the mbira (shown in Figure 1 with two lamellae at the
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same length (pitch) and one shorter — they can be adjusted to any desired length that permits
vibration and thus cover three separate pitches).
We asked each group to make anonymous notes about their team organization and working
practice to get them thinking about their work organisation. After a period, we paused the building
to present some technical points on string excitation. This “lesson closure” (Ganske, 2017) was
intended to highlight links between their experiences and the issues of interaction, regularity,
uniformity and length of lamellae in the human interface, thus preparing them for the exercises to
come in Session 3.
Excitement was again evident on entry, with one student exclaiming “LEGO!”. Students
generally disliked playing others’ instruments (predicted by the teacher, but, in hindsight, consistent
with constructionism’s emphasis on personally-meaningful object making).

Students grabbed

shakers and started making noise, having to be calmed down. One girl remembered the rhythm to
the salsa almost perfectly and the others picked their parts up once reminded.
Swapping the instruments was successful in terms of reflective thinking. Despite their
annoyance, students identified salient properties in novel designs (“I like how big it is and how it
makes a loud sound”, “this one didn’t have enough space for the pieces to shake around inside so it
wasn’t very loud” ), comparisons (“this one was nice but it broke so I think this one was better”) and
tradeoffs (“this one sounds good but it falls apart easily”). We used these observations to introduce
the role of constraint in design.
Some intervention was needed in this session, partly for timely completion of builds and to
correct a minor error in the ordering of the mbira instructions that had confused some students.
Persistence is a key conative quality for engineers (Adams et al., 2015) and we could model it through
our resolution of this issue.
In hindsight, this session did not contain sufficient parallel building activity to keep students
occupied throughout, although this offered opportunities for teamwork discussions and practice.
Engagement was variable, with some tables working in focused sub-groups alongside other students
less engaged. There were also elements of competition (“I’m ahead of you, and I haven’t even looked
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at the instructions”). Our (and the teacher’s) engagement with students during this period tended to
refocus them.
Students did not always follow the instructions precisely (we failed to anticipate this),
perhaps because photo sequences require careful interrogation. Thus critical parts were unavailable
when subsequently needed and we had to supply spares (from a limited number) or help with
rebuilding to free those needed. This offered opportunities to educate students on building techniques
that they had missed in the instructions. Some teams exhibited resilience to these issues through
teamwork, with members correcting each other as they worked.
Students had fewer opportunities to evidence design skills in this session: the instruction-led
nature meant that problem-solving was more at the level of substituting parts, e.g., we pointed out
that if there was a shortage of 13-hole lift-arms, two 5-hole and one 3-hole lift-arms could be used
together to replace them. Students picked up on this with one later telling another: “That’s why you
use two fives and a three!”.
Student notes indicated a range of organizational schemes including subdivision of labour for
speed and improved concentration, turn-taking, explanation to peers, mutual help and support, and
looking ahead to understand instructions better. As described above, they were clearly able to exhibit
thinking about trade-offs in others’ designs, engage in reflection, and consider multiple aspects of
what they were doing (e.g. aesthetics vs function, physics of instruments).
3.2.3. Session 3 - Interfacing and Replacing
The final session aimed to engage students with mechanical activation of the lamellae and then
substituted physical sound production for digital synthesis, with the physical same interface. We
completed any unfinished student instruments beforehand to level the scaffold for all groups and
created one example trigger mechanism per group. We also prepared the Pi-related components
(Figure 3) since parts arrived too late to prepare instructions.
We began by briefly introducing the Pi-based system, reminded students of how things were
left at the end of the previous session, and explained our finishing of their instruments. We asked
them to investigate the effect of lamella length on pitch, then discussed the need for a standardised
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interface (e.g. by considering the viability of an mbira with the compass of an 88-key piano).
Students then built ‘triggers’ from our instructions (three per instrument; see Figure 4). Many
students completed their build and we followed-up by presenting material on standardised interfaces
starting by explaining piano-key mechanisms, then moving to robotic instruments to introduce the
idea of separating control and sound production. Students then moved to the Pi systems and were
supported to integrate these with their instruments and experiment (see Figure 5).

Figure 3. Pi-related Components (encased Pi and BrickPi, frame with four sensors, portable speaker).
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Figure 4. LEGO® mbira with moveable lamellae/triggers.

Figure 5. Pi system installed on mbira.
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A final feedback sheet featuring both open and closed questions was completed by the students.
Students were excited at seeing the Pi partial set-ups when they arrived. They found their own
work from the previous week and some began to play with it while others talked. Students again
responded well to a reflective question about how to make the best sound: “by taking it off the bricks
[base board] and holding it down”; “if you pluck them further out they are louder”.
Students were initially very focused when building triggers (“who wants to build the trigger?”,
“have we got more of these bits?”, “I want to try to play this how it is”, “separate them into bits”,
“can I borrow that yellow bit, please") although this ebbed and flowed a little after five minutes. As
previously, missing pieces caused challenges owing to the diverse ways in which students had built
their mbiras. Specific parts were more critical to the trigger mechanisms than in the main box walls.
Connecting-pin colours also raised an unexpected issue. We told students that colour of bricks was
not important (to free them from concerns about matching particular brick colours), however, LEGO®
pins vary in their frictional force and this is indicated by colour (black=high friction, light grey=low
friction). It was critical to use high-friction pins for the trigger frame and low friction-pins for the
rotating parts to ensure correct mechanical operation.
In discussion of mechanisms, students were able to identify various things in their classroom
that operated when instructed rather than by direct manipulation (computer, electronic keyboards and
electric piano). There was much visible excitement when students moved to the Pi systems,
particularly when introduced to the ability to change the sounds (thereby evidencing an appreciation
of the concept we were aiming to convey: that by abstracting sound production away from the
physical properties of the object, the same interface could be used more flexibly).
This session exposed students to concepts of modularization and abstraction (through the
separation of actuators and sound production. Students clearly understood that an external interface
might be separate from the instructions that it gives to an attached operational system by their ability
to identify such systems when asked. Whether this translated to understanding in the context here
was less explicitly evident.
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4. Feedback
4.1. Students
70% of students reported in their Session 3 feedback sheets that they preferred free-build to
instruction-led activities, clearly enjoying the creative opportunities for imaginative exploration
these presented. A third of answers explaining pupils’ preferred activities referenced ‘fun’ or
‘enjoyment’. A third of the reasons given referred to the independent and imaginative decisionmaking opportunities that were involved (e.g. “…really fun…helped us to use our imagination”,
“…liked exploring which shakers are better…choosing the design”).
Only 25% of pupils indicated that they preferred instruction-based activities; of those that did,
this appeared partially rooted in a belief that following the adult guidance would result in betterquality instruments (“…there was a reason for them…”; “following instructions means that you can
make something cool that works…”). A further two comments suggested that following instructions
was “fun” and something they liked to do. One noted elsewhere that they had “learnt how to follow
instructions better and to create something that someone else has designed”.
Given the engagement observed, it was unsurprising that all but two students explicitly
mentioned enjoyment and fun in Session 1 sticky-note feedback, with the combination of LEGO®
and music clearly very popular. In line with Papert’s concept of ‘hard fun’, a small number of notes
mentioned that the session had “tested their creativity” (two different notes) and that their
constructions “improved every time”. Perhaps indicating a yearning to continue experimenting, a
further note read, “if only there was a way to make the drums/other things sound deeper and more
real”. There was also a sense of discovery: “I didn’t actually know you could make music out of
LEGO.", “…No boring stuff.”
Some students focused in their Session 3 feedback on the importance of methodical, detailed,
persistent and collaborative approaches in design work (“…keep trying and making it
stronger…”,”…take time and think…”, “…sometimes going slower makes them better…”) and two
mentioned creativity and flexibility (“You can be as creative as you want”, “Anything is possible
with any materials even LEGO”, “…make music out of many different things…”). This theme also
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emerged in responses to the question ‘have the sessions changed the way you think about musical
instruments?’.: “…I think more about how they produce noises.”
Pupils were asked to consider how they might approach building another instrument if given
the chance. Some wished to make ‘bigger’ or ‘different’ instruments, two would have employed more
colourful designs. Other answers suggested that their approach to building (as opposed to the
instruments themselves) would be different e.g. making sure they “have all the parts”, or “thought
a bit more about the design” or “think about the sound”. Two were in contrast: “follow the
instructions really quickly” vs “be slower so I don’t mess up”.
The ‘electronic mbira’ was rated as most exciting to play (~59%) vs the trigger version (~12%),
original (~6%), or no difference (~24%).
4.2. Teacher
Following examples of participatory research (Cancian & Armstead, 2001), the class teacher
was central to the planning and delivery of the sessions and her feedback is integral to our
understanding of what was achieved. She expected that the approach would likely succeed, with
LEGO® use combined with the idea of making instruments and physically creating sound being
important motivations for children. The teacher anticipated that the children would learn about
collaboration and working together, and as a practitioner was interested to see how this collaboration
(regarded as natural in the arts) would appear in an engineering task. The activities fitted well into
the curriculum and overall planning.
The teacher felt that Session 1 was pitched just right and achieved its aim, introducing the
concepts, engaging the children, and involving considerable evaluative activity. The children learned
what made effective shakers and to describe their thinking from a design viewpoint but apply it from
a musical viewpoint. They were more invested in playing the music because they had created the
instruments: ownership had an important role.
Session 2 was paced correctly but the teacher suggested improvements: split the instructions so
that sub-groups produce and reflect upon sub-assemblies, and predefine team roles (e.g. searchers
and builders; one pair developed a process of preparing and building) and then swap them to get
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students thinking about different roles, help make design concepts more overt, and support easier
reflection on team structure. The teacher also observed that, overall, the boys in the class had tended
to race ahead in the instructions (perhaps causing inaccuracy in builds), whilst the girls had tended
to work steadily.
The final session was felt to be paced as well as possible given the time available, however, the
teacher’s view was that a 4–5 week plan would have been better to fit in all the content. Showing
the Pi at the start might have led to greater motivation and more timely completion of the builds.
Although students did not see the separation of concepts/concerns during building, the teacher
perceived that once they were using the Pis, they had recognised the concept.
In terms of overall teacher feedback, the extent of evident collaboration was more than expected
(she was most interested to note that there were high levels of engagement across the classroom in
different students). Design aspects were conveyed as well as possible given children’s desire to get
going with the activities; to cover them more explicitly would need more time. Learning through
doing was very important and the modelling used was helpful: a scaffolded process might work well
in future (with more time). Although present, more explicit links to the English National Curriculum
in terms of learning outcomes would help engage staff. It would also be useful to provide a less
specific set of builds that rely on particular pieces, but instead give examples (e.g. pictures) and let
teachers drive the activity. Training may be required for the computing aspects. The sequencing of
activities was correct, worked effectively and had a sense of progression. The teacher felt that we
had done well to get everything into three weeks, and it could even be run as a six-week exercise
with additional facilitated reflection at the end, including some more explicit programming aspects
to show how digital instruments could be created. Despite this, the teacher felt that we had been
appropriately ambitious and that this drew the children along.

5. Conclusions and Future Work
Our aim was to assess whether music and making would be effective at conveying software
engineering concepts in secondary schools. Our evidence suggests that students engaged practically
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with all of the concepts in which we were interested. They developed subsystems (e.g. handles and
shakers), reflected on the interfaces between them and the quality of function of the components and
their integrated whole. In plenary discussion, they evidenced awareness of the separation and
abstraction of control and sound production. Alongside these primary goals, they engaged and
reflected on teamworking, played music, engaged in spontaneous experimentation, and importantly,
had fun while doing so. Overall, this pilot has shown that our approach has significant promise. It
worked motivationally and engaged students practically with many of the target concepts.
We learned a number of lessons that will be helpful in developing future similar interventions:


Explicit presentation of key concepts is important for students to understand and apply
them transferably e.g. present modularity in this context and refer back to it later from
another “you’ve seen modularity in design before when you built shakers and handles in
LEGO®”. This is congruent with Ben-Ari’s (1998) position that the ‘model’ (at an
appropriate level) needs to be explicitly taught.

Our approach is (appropriately)

bricolage-oriented in sensitizing students to the desired concepts, but this does not deny
the need for later more-explicit teaching to support subsequent formal study.


The concept of abstraction needs appropriate time to be introduced fully.



Following instructions likely slows down progress compared to free-building (but, as
Gunn (2002) argues, is a vital engineering skill).



Scaffolding (e.g. staff completing partial builds) needs to be balanced with potential loss
of ownership by students (teacher observation).



Directed or instruction-based builds may benefit from a more explicit division of roles
to improve engagement and permit parallel activity.



Having all materials on-hand and a significant reservoir of spare parts is critical for
success.

This pilot project was conducted with school pupils aged 11-12 years. However, there are
grounds to believe in the potential of similar kinds of activities to support older learners, including
those in higher education. As noted, the presented activities drew heavily on constructivist learning
theory. In particular, they were characterised by experiential learning, problem solving and – to a
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lesser extent – ownership of the learning process by the pupils themselves. As Knowles et al. (2020)
note, all such aspects are consistent with core principles of andragogy – the theory and practice of
teaching adult learners. Moreover, research evidence in a range of disciplines suggests that practical
engagement with LEGO® is no less motivating for older learners (Nerantzi and James, 2018).
Similarly, the inclusion of music-based practical activities in higher education programmes of
computer science has been shown to have potential as a means of engaging learners effectively in
creative, culturally-embedded and social programming tasks (Bhattacharya et al, 2019).

One

interesting area of future work will thus be to explore this potential application to adult learners.
Future work with schools will be planned over a longer timescale (e.g., four to five sessions),
with stronger emphasis on things like message passing and abstraction (e.g. students physically
passing messages around to actuate instruments) to strengthen understanding. Longer timescales
will also permit the use of formalized assessment frameworks e.g., the computational thinking
assessment tools of Tsai et al. (2021). In addition, the breadth of topics tackled can then be increased,
e.g., aspects of coding can be introduced to provide additional creative opportunities for shaping
sounds in combination with physical controllers, allowing Brennan and Resnick’s (2012)
computational concepts to incorporated in addition. Other curriculum areas such as art, design, and
science could also be explored.
In summary, this has been a very successful pilot study, providing direct benefit to the students
concerned, evidencing the potential of the approach, offering lessons to be learned for the future, and
giving a strong foundation for development.
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Abstract
The outbreak of the coronavirus and its ramifications, including lockdown and shutting down of
many learning centers magnified the necessity of turning to virtual learning, has given rise to
concerns about students’ learning and their reaction to the new teaching methods and the
challenges they entail. The present study attempts to examine the link between metacognitive
beliefs and behaviors that prevent health-oriented lifestyles through academic self-efficacy during
the COVID-19 pandemic. The statistical sample consisted of 239 randomly selected undergraduate
students of engineering at Azad University of Shahre-e Rey in the second semester of 1399-1400
(Solar Hijri calendar). The data were gathered using academic health-oriented lifestyle test
Salehzadeh et al. (2018) Academic Self-Efficacy Beliefs Questionnaire (ASEBQ), and Wells’
Metacognition Questionnaire-30 (MCQ-30). Findings of the study indicated that metacognitive
beliefs are related to behaviors preventing academic health-oriented lifestyle factors, such as
learned helplessness and effort withdrawal, through self-efficacy. It is suggested that, according
to the positive relationship that exists between metacognitive strategies and academic
achievement. As well as these strategies are scalability learners need to be trained in skills such as
self-regulation self- monitoring planning and goal setting. Until they dominate decided cognitive
strategies and professors can also encourage students to use orientation by designing assignments,
teaching study strategies, and using new teaching methods.
Keywords: metacognitive beliefs, self-efficacy, behaviors preventing academic health-oriented lifestyle,
learned helplessness, effort withdrawal
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1. Introduction
A review of empirical evidence derived from studies on prerequisites and implications of academic
success indicates that cognitive processes have been largely overlooked in educational systems.
Metacognition is an important factor in formulating conceptual processes of academic success.
Metacognition can be defined one’s awareness of the way one learns, uses available facts to achieve
an aim, evaluates cognitive processes useful for a particular task, chooses strategies to realize a goal,
and assess one’s performance during and following an action. One’s awareness of tasks, strategies
one adopts to fulfil those tasks, and one’s cognitive beliefs are the three metacognitive factors Flavell
identifies; furthermore, he asserts that metacognition can be useful in devising and adjusting plans
(Flavell & Miller, 1998). Metacognitive learning strategies are among the important components of
self-regulated learning which enable the learners to monitor and regulate their cognition and
emotions. students with more self-efficacy are more willing to adopt metacognitive strategies, and
self-efficacy has a positive relationship with metacognitive strategies(Ozgur, 2021; Hayat & Shateri,
2019).
Most experts distinguish metacognitive knowledge from metacognitive supervision. Metacognitive
knowledge consists of the information one acquires about one’s cognition and one’s learning
strategies, and the way the latter influences the former. Cognitive supervision refers to a range of
executive functions, such as paying attention to, controlling, and identifying errors
(Biabangard,2003). Experts have always recognized metacognition as a factor influencing learning
and educational variables (Osoli et al., 2016). Metacognition refers to psychological structures,
knowledge, and processes that control, modify, and interpret thoughts and perceptions. Furthermore,
metacognition can be defined as the awareness of the way one learns, uses available facts to achieve
an aim, evaluates cognitive processes useful for a particular task, chooses strategies to realize a goal,
and assess one’s performance during and following an action (Salarifar et al., 2011).
Metacognitive beliefs are those parts of the cognitive knowledge that link a person’s beliefs
about cognition to cognitive and emotional experiences (Wells, 2009). Metacognitive beliefs may
function in positive and negative ways. Negative metacognitive beliefs deal with the uncontrollability
of cognitive thoughts and experiences, and also, the dangers they might pose. Positive metacognitive
beliefs, on the other hand, interpret concerns, anxieties, threats, and similar phenomena in a positive
way, identifying the advantages and benefits of engaging in cognitive activities that comprise the
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cognitive-attentional syndrome. Cognitive-attentional syndrome is a reiterating thought process that
manifests as anxiety and mind rumination fixed on threats and preventative behaviors such as
repression and withdrawal (Khamisabadi, Mirmehdi & Meraati, 2021; Salarifar et al., 2011).
Negative metacognitive beliefs interpret cognitive phenomena such as thoughts and normal beliefs
in a negative way, resulting in a disruption of thought control and negative interpretation of events
(Wells, 2009). The present study is an attempt to investigate metacognition as an important effect in
learning and academic success.
Health-oriented lifestyle behaviors are among the important factors that may predict and
formulate academic performance of students. In the context of health studies, health-oriented lifestyle
behaviors are a series of behaviors under a person’s control, comprising that person’s daily
behavioral patterns. Developmental situations, such as learning, giving an examination, or partaking
in classes may entail various demands, and positive or negative emotions (Burić et al., 2016). Facing
positive or negative emotions is an inevitable consequence of teach (Pekran et al., 2007). Researchers
have attempted to use process-based conceptual models of learning life effectiveness to determine
the distinctions between values assigned to objective and subjective symptoms, emphasizing the
crucial role played by meditating mechanisms, such as preferred methods of meeting motivational
demands of learning as well as a wide range of conceptual factors facilitating cognitive resources to
face the inherent challenges of learning (Amid et al., 2016).
A factor that may be helpful in predicting and assessing students’ academic performance is their
academic health-oriented lifestyle behaviors. The emerging idea of academic health-oriented lifestyle
behaviors relies on the contemporary concepts of motivational development, such as self-efficacy
theory, attribution theory (Weiner, 1994), mastery goal orientation theory (Anderman & Anderman,
2009), self-esteem theory (Covington, 1984), hope theory (Snyder et al., 2002), self-determination
theory (Deci & Ryan, 2000), expectancy theory (Wigfield & Eccles, 2000), and control-value theory
(Pekrun, 2006), and turns to positive learning to identify the most common behavioral indications of
facing the challenges of the academic life.

In educational studies, academic health-oriented

behaviors are the preferred models of behaviors that may be chosen and expressed by learners. Based
on their nature and functions, they can improve learners’ academic wellbeing or threaten it. Some of
these behaviors are expressed as facilitators and promoters of academic wellbeing, such as mastery
goal orientation, while others are inhibitors of academic wellbeing and disrupt learning, such as
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learned helplessness and effort withdrawal (Lajoie, Pekrun, Azevedo, & Leighton, 2020; Putwain,
Wood & Pekrun, 2020; Shaowei & Chia-Ching, 2019; Salehzadeh et al., 2018).
In the present study, two preventive factors of academic wellbeing, namely effort withdrawal
and learned helplessness have been examined. Effort withdrawal describes the behavior of learners
that refuse to extend the necessary much effort for understanding and completing their academic
assignments. Researchers in the field of motivational development have presented evidence
indicating that in addition to mastery and functional goal orientations, learners may also express
effort withdrawal in learning contexts (Tankari, Zouhin Toboula, Ousseini, 2020; Jarvis & Seifert,
2002). Many researchers have examined effort withdrawal as an orientation and have studied its
associations with other variables. Such a behavioral pattern in developmental contexts indicates a
reduction in assigned values and loss of interest in academic activities. The reduction, which can be
quite intense and serious in some cases, entails implications, such as indifference towards learning.
The indifference will, in turn, lead to less value being assigned to learning and lack of interest in it
(Harackiewicz et al., 2008).
An attitude of learned helpless suggests a person’s exposure to disrupting events and
experiences of failure. Such a person will gradually realize that the results and implications of these
events are formed regardless of the choices he makes. In other words, the person registers the
independence of results from his choices, and concludes that what he does has no bearing on the
results. In these circumstances, the person experiences mental anxiety and reduced self-efficacy. The
assumption is that when the implications of a behavior are independent of choices the person makes,
there is no motivation to control the outcome. The lack of control will then entail its own set of
outcomes: reduced motivation to respond, debilitation of cognitive capacity to perceive success, and
finally, an increase in the number of negative emotional responses (Putwain, Wood & Pekrun, 2020;
Shaowei & Chia-Ching, 2019; Oyelekan, Jolayemi & Upahi, 2019; Maier & Seligmsn, 1979).
Research findings have demonstrated that after numerous failures, one’s efforts to respond to
different situations slacken (Maier & Seligman, 1979). As one realizes behaviors and results are
independent, one’s anticipation of change diminishes. In most cases, such a person’s voluntary
responses to a situation grow weaker as well. People tend to extend their earned helplessness
receptions to other circumstances as well; consequently, their learned helplessness turns into a
helplessness as habit before long. (Abramson et al. 1978) have proposed an attributive framework
for such behaviors. According to their framework, based on the nature of the rationale one employs
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to make sense of an event, and also based on the three criteria of stability (or instability), generality
(or exclusivity) and internality (or externality), the resulting helplessness will be specified (Peterson
& Steen, 2002) As a motivational factor, self-efficacy can boost academic performance and reduce
anxiety; therefore, identifying factors influencing self-efficacy can play a major role in students’
academic success and the development of educational systems. Self-efficacy is one’s capacity to face
challenges to realize goals and achieve success. More than the students’ intelligence or their learning
capabilities, personal characteristics such as trust in oneself (confidence), fighting spirit, ability to
analyze reasons for failure (self-evaluation), ability to devise new arrangements and social methods
to achieve goals (self-regulation), and the ability to control impacts (self-leadership) lead to academic
development and success. Self-efficacy influences behavior selection, engagement and effort
extension, and pursuing goals. Furthermore, it determines the way one faces obstacles and
challenges. According to Bandura’s theory, self-efficacy plays a critical role in a person’s
psychological adaptability, resistance to mental problems, physical well-being, and also self-guided
behavior-altering strategies (Maddux, 2003). Many researchers have studied the link between selfefficacy and academic success. (Ozkal, 2019) studied the influence of self-efficacy and
metacognition on mathematical performance of middle-school students in Turkey, concluding that
there is a relationship between self-efficacy, metacognition, and mathematical performance.
Göktepe Yıldız (2020) demonstrated that teaching metacognitive concepts can improve
geometrical performance of teachers who were undergoing education as part of their teaching careers.
Teaching metacognitive concepts can improve teachers’ awareness of learning. Tossavainen et al.
(2021) studied freshman engineering students in Sweden to establish a link between self-efficacy and
mathematical performance, showing that students with more self-efficacy perform better
mathematically.
Nicoloff (2018) have studied self-efficacy, anxiety, and attitudes towards mathematics among
students at a college in southwestern USA. Their findings indicated that as self-efficacy increases,
anxiety and negative attitudes towards mathematics can be alleviated. Ozkal (2019) examined the
influence of self-efficacy on learning and academic development of sixth, seventh, and eighth highschool forms in Turkey. According to their findings, the students’ belief in their self-efficacy in
mathematical learning and performance has a significant relationship with their educational
development.
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Paying attention to the quality of education is crucial in promoting student acceptance and
advancing science (Ferrándiz, Puentes, Moreno & Flores, 2016; Hoveida & Molavi, 2008; Birnbum,1998)
as centers of scientific, cultural and educational production, universities are the source of innovation
necessary for solving society’s current issues (Haji Khajelu & Hesampour, 2011). The ongoing and
regular evaluation of students’ academic performance is necessary for devising better educational
plans and improving the quality of education, especially in universities, making it an indispensable
asset for improving the quality of education, and ultimately, for adjusting and enhancing
administrative capabilities (Hojjati et al., 2017; Sajadi, 2003). The coronavirus pandemic has affected
all human activities, and its impact on students’ academic life has been especially noticeable
(Papapicco, 2020). Institutes of education were shut down in over 60 countries all around the world
as a result of the critical conditions brought about by the pandemic, compelling educators to turn to
virtual tools (Iyer et al., 2020). While virtual education was already common before the coronavirus
pandemic, its adoption by most governments as the prevalent educational system during in the critical
situation caused by the pandemic was a notable change, and its quality and performance remain to
be fully studied and evaluated (Abasi et al., 2020). The present study is an attempt to examine the
influence of metacognitive beliefs and behaviors preventing health-oriented academic lifestyle
mediated by self-efficacy on students’ academic development during the coronavirus pandemic.
Based on these premises, the present study will try to answer the following question:
Is there a link between metacognitive beliefs through self-efficacy and health-oriented academic
lifestyle preventive behaviors through learned helplessness?

1.1. Methodology
The present study employs a descriptive correlational research design. Most variables were examined
through the path analysis method. The participants were 239 randomly selected undergraduate
engineering students at Imam Khomeini Azad University. Study goals were described and engaging
participants’ attention, three questionnaires of metacognitive beliefs, self-efficacy, and healthoriented academic lifestyle were presented to them via an online platform. The collected data was
analyzed using SPSS 26 and Amos software programs. The inclusion criterion was the students’
involvement with education for at least one semester, and the exclusion criterion was their failing to
answer at least 95 percent of questions.
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Wells’ Metacognition Questionnaire-30 (MCQ-30). MCQ-30 is a self-report scale developed in 1997
and revised in 2004 by Wells and Cartwright-Hatton. In its current form, it consists of 30 questions
using a 4-point Likert scale (1 = do not agree, 2 = somehow agree, 3 = agree, 4 = completely agree).
The scale comprises five sub-scales: 1. unruliness and danger, 2. positive beliefs about concerns, 3.
confidence in memory, 4. necessity of thought management, 5. cognitive self-awareness. The
psychometric attributes of the questionnaire were examined by (Shirinzadeh et al., 2009). The
questionnaire’s Cronbach alpha was reported as 0.91 for the entire questionnaire, and 0.87, 0.86,
0.81, 0.80, and 0.71 for unruliness, positive beliefs, cognitive self-awareness, and the necessity of
thought management in Iranian samples, respectively.
Academic Self-Efficacy Beliefs Questionnaire (ASEBQ). This questionnaire was developed by
(Zajacova et al., 2005). It takes account of four variables: confidence in academic performance in the
classroom, confidence in academic performance outside the classroom, confidence in the ability to
interact with the others in an academic context, and confidence in managing work, family, and
academic lives. The questionnaire consists of 27 questions using a 10-point Likert scale (0 = complete
lack of confidence to 10 = full confidence), meaning the lowest score a participant can get is 0 and
the highest score a participant can get is 270. According to Zajacova, et al (2005) the reliability of
the questionnaire can be between 0.72 to 0.90 (Shokri et al. 2011) have standardized the questionnaire
in Iran. Their confirmatory factor analysis confirmed these variables. Furthermore, using the
Cronbach alpha they calculated the reliability of these variables as 0.88 for confidence in academic
performance in the classroom, 0.85 for confidence in academic performance outside the classroom,
0.83 for confidence in the ability to interact with the other in an academic context, and 0.72 for
confidence in managing work, family, and academic lives.
The encouraging and preventive health-oriented academic lifestyle behaviors questionnaire.
The questionnaire was developed by (Salehzadeh et al., 2018). It consists of 124 items categorized
into 13 behavioral patterns. It was designed as a self-report questionnaire that can be answered either
individually or as a group. 48 sections deal with behaviors promoting academic health, and 76
sections are dedicated to behaviors preventing academic health. The participants’ answers are
evaluated using a 5-point Likert scale from completely agree (5) to completely disagree (1). In the
present study, due to the high number of questions which might cause fatigue and, in turn, reduce
accuracy in answering questions of different sections of health-oriented academic lifestyle preventive
behaviors, two behavioral models of effort withdrawal and learned helplessness were chosen to be
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evaluated. Base structures and the number of items in each preventive aspect of academic health were
learned helpless (10 items) and effort withdrawal (11 items). The internal consistency coefficients
were calculated as 0.92 and 0.95 for learned helpless and effort withdrawal, respectively (Salehzadeh
et al., 2018).
1.2. Results
Table 1 demonstrates the descriptive values of mean and standard deviation of the study.
Table 1. Descriptive values of mean and standard deviation in the study (N = 239)
Base structures

Subscales

Mean

Standard deviation

Unruliness and

20.33

6.816

12.39

4.637

19.01

4.719

9.15

4.011

9.36

2.951

Total

68.26

18.223

Self-efficacy

Total

186.40

61.257

Learned helplessness

Total

24.21

12.575

Effort withdrawal

Total

29.97

13.398

danger
Positive beliefs about
concerns
Cognitive selfMetacognitive beliefs

awareness
Confidence in
memory
Necessity of thought
management

Data distribution normality test: the results indicated that all variables are normal.
Correlation matrix of research variables: as demonstrated in Table 2, the relationship between total
metacognitive beliefs score, r = 0.587, is negative and significant (p ≥ 0.05). Furthermore, the results
indicate that the relationship between constructive communication pattern and academic healthoriented preventive behaviors (learned helplessness and effort withdrawal), r = 0.531 and r = 0.457,
respectively, were positive and significant.
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The results also point to a negative and signifcant relationship between the self-efficacy score and
academic health-oriented preventive behaviors (learned helplessness and effort withdrawal), r = 0.485 and r = - 0.394, respectively (p ≥ 0.05).
Table 2. Correlation matrix of metacognitive beliefs, self-efficacy, and academic health-oriented preventive
behaviors
Variable
Unruliness and
danger
Positive beliefs
about concerns
Cognitive selfawareness
Confidence in
memory
Necessity of
thought
management
Metacognitive
beliefs
Self-efficacy
Learned
helplessness
Effort withdrawal

1
1

2

3

4

5

6

7

8

0.683**

1

0.579**

0.521**

1

0.650**

0.554**

0.323**

1

0.693**

0.588**

0.566**

0.531**

1

0.915**

0.819**

0.748**

0.746**

0.806**

1

-0.332**
0.553**

-0.289**
0.418**

-0.040
0.179**

-0.437**
0.616**

-0.285**
0.346**

-0.337**
0.531**

1
-0.485**

1

0.426**

0.381**

0.151**

0.575**

0.330**

0.457**

-0.394**

0.771**

9

1

* p<0.05, ** p<0.01
Hypothesis under study: Metacognition beliefs mediated by self-efficacy influence academic healthoriented lifestyle behaviors.
In order to formulate a distribution model for academic health-oriented lifestyle preventive behaviors
mediated by self-efficacy, the path analysis method was adopted (Figures 1 & 2). As demostrated in
Table 3, chi-squared (X2) was calculated as 857.89, chi-squared divided by degrees of freedom
(X2/df) was calculated as 2.813, the comparitive fit index (CFI) was calculated as 0.91, the goodness
of fit index (GFI) was calculated as 0.91, and the root mean square error of approximation (RMSEA)
was calculated as 0.077. According to Hu and Bentler (1999) values greater than 0.90 for CFI and
GFI, and values less than 0.08 for RMSEA indicate the proposed model’s goodness of fit with the
data.
Table 3. Goodness of fit indices for the proposed model after adjustment

Before
adjustment
After
adjustment

X2
1143/044

Df
320

X2/df
3.57

GFI
0.863

CFI
0.862

RMSEA
0.104

857.89

305

2.813

0.91

0.91

0.077
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Self-efficacy

Figure 1. Proposed model’s distribution of scores for academic health-oriented lifestyle preventive behaviors
through metacognitive beliefs mediated by self-efficacy, before adjustment.
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Figure 2. Proposed model’s disctribution of scores for academic health-oriented lifestyle preventive behaviors
through metacognitive beliefs mediated by self-efficacy, after adjustment
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As demonstrated in Table 4, before analyzing the results and presenting data derived from the base
equations’ output model through Amos software, research variables’ indices and markers, as well as
path indicators were developed.

Table 4. The relationship between variables based on the proposed model.
Predictor

Criterion

Path type

Metacognitive
beliefs
Metacognitive
beliefs
Metacognitive
beliefs
Self-efficacy

Learned
helplessness
Effort
withdrawal
Self-efficacy
Learned
helplessness
Effort
withdrawal
Learned
helplessness
Effort
withdrawal

Self-efficacy
Metacognitive
beliefs
Metacognitive
beliefs

Value of t

Significance

Direct

Standard
coefficient
0.503

7.268

0.001

Direct

0.492

6.255

0.001

Direct

-0.395

5.858

0.001

Direct

-0.288

-5.024

0.001

Direct

-0.210

-3.369

0.001

Indirect

0.114

<0.05

Indirect

0.083

Sobel test
2.908
Sobel test
2.31

<0.05

Based on the findings, following a model adjustment, removing insignificant paths, and decreasing
freedom degrees by establishing connections between predictor factors (Figure 2 and Table 4),
metacognitive beliefs directly determined academic health-oriented lifestyle preventive behaviors
through learned helpness, effort withdrawal, and self-efficacy with calculated distributions of  =
0.503,  = 0.492, and  = -0.395, respectively.
Furthermore, based on the findings (Figure 2 and Table 4), self-efficacy directly determined
academic health-oriented lifestyle preventive behaviors through learned helplessness and effort
withdrawal with calculated distributions of  = -0.288 and  = -0.210, respectively.
The indirect influence of metacognitive beliefs through self-efficacy on determinig the variance of
academic health-oriented lifestyle preventive behaviors in learned helplessness factor was calculated
as 0.114, pointing to a significant mediatory effect.
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The findings of the present study, therefore, establish a link between metacognitive beliefs mediated
by self-efficacy and academic health-oriented lifestyle preventive behaviors of the learned
helplessness factor. In other words, metacognitive beliefs mediated by self-efficacy influence
academic health-oriented lifestyle preventive behaviors of learned helplessness.
Furthermore, the indirect influence of metacognitive beliefs mediated by self-efficacy in determining
the variance of academic health-oriented lifestyle preventive behaviors of the effort withdrawal
factor were calculated as 0.083, pointing to the significant influence of the mediator in this
relationship.
Based on the these findings, it can be surmised that metacognitive beliefs mediated by self-efficacy
are linked to academic health-oriented lifestyle preventive behaviors of the effort withdrawal factor.
In other words, metacognitive beliefs mediated by self-efficacy influence academic health-oriented
lifestyle preventive behaviors of the effort withdrawal factor.

Discussion and Conclusion
Many researchers believe that the tools adopted for conducting research, especially in academic
contexts, should be built on a strong theoretical foundation (Nadi & Sajjadian, 2011) Among the
crucial goals of an educational system are knowledge promotion, and identifying and removing the
obstacles against learning to prevent academic failure among students (Abasi et al., 2020; Putwain,
Wood & Pekrun, 2020; Oyelekan, Jolayemi & Upahi, 2019). During the coronavirus pandemic,
education inevitably moved towards virtual learning, and given the fact that each person’s potential
capacity for learning is different, and people in similar circumstances learn at different rates and in
different shapes, virtual learning entails advantages as well as challenges (Khamisabadi, Mirmehdi
& Meraati, 2021; Papapicco, 2020). A review of literature indicates that self-efficacy and
metacognitive beliefs are among the factors that may influence learning )Salarifar et al., 2011, Özcan,
2019; Gümüs, 2019; Nicoloff, 2018). The present study was an attempt to analyze the relationship
between metacognitive beliefs and academic health-oriented lifestyle preventive behaviors
through academic self-efficacy among students during the coronavirus pandemic.
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To summarize the results of the present study, it may be asserted that students who take advantage of
high-level metacognitive strategies learn in more meaningful ways. In other words, these students
form connections between the information they acquire during their studies and their preexisting
knowledge, providing them with an opportunity to learn coherently (as opposed to fragmented
learning). Therefore, they can achieve a more comprehensive understanding of what they learn, retain
their acquired knowledge for more extended periods, perform better in their exams—especially in a
subject like mathematics—, and form a more detailed image of their capabilities and self-efficacy .
The findings indicated that metacognitive beliefs have a direct as well as an indirect link with learned
helpless as one of academic health-oriented lifestyle preventive behaviors through self-efficacy. To
expound on these findings, and following )Nicoloff, 2018; Özcan & Eren Gümüs, 2019). It should
be noted that students with lower levels of learned helplessness are more self-efficient, as they can
perform better academically. Their better performance, in turn, influences their metacognitive beliefs
and leads to a better awareness of learning strategies, and ultimately, their superior academic
development. In other words, mental disruptions and lack of control are rarer in these students;
therefore, their academic motivation is higher and their performance in subjects such as mathematics
is better. Experiantial evidence confirms these findings (Ozkal, 2019).
Learners who achieve higher levels of metacognitive abilities pay attention to what they learn, and
form connections between the new information and their preexisting knowledge. In other words,
these learners are aware of their learning process. As such, they can decide on superior learning
strategies fitting their subject of study. As the number of metacognitive strategies students employ
increases, during their learning process—either in the classroom or when they are studying on their
own—they try to make sense of the information as they learn, create a learning environment ripe for
academic success, and improve their academic performance, and as a result of their efficacy, they
leave their sense of learning inability and mismanagement behind (Khamisabadi, Mirmehdi &
Meraati, 2021; Hayat & Shateri, 2019; Ozkal, 2019). Similar to the study conducted by Shoawei &
Chia-Ching (2019), the present study's findings indicate a significant relationship between learned
helplessness/effort withdrawal and academic performance/belief in self-efficacy. Students suffering
from learned helplessness believe that they have no control over the events influencing them.
Cognitive and metacognitive strategies can help these students build up academic self-efficacy and
enthusiasm. Furthermore, metacognitive beliefs can influence their self-confidence and improve their
performance in carrying out their academic assignments.
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Furthermore, the results of the present study indicated that metacognitive beliefs can have a
direct, as well as an indirect, relationship with effort withdrawal as an academic health-oriented
lifestyle preventive behavior through academic self-efficacy viz. the higher the self-efficacy among
the students, the lower the possiblity of effort withdrawal in them. In other words, it can be surmised
that as (Lajoie, Pekrun, Azevedo, & Leighton, 2020 ;Ozgur, 2021; Hayat & Shateri, 2019; Salarifar
et al. 2016; and Flavell & Miller, 1998) have proposed, metacognitive beliefs are influential factors
in processes of repression, denial, and avoidance. As one’s metacognitive beliefs develop and evolve,
one’s image of one’s abilities to face academic challenges improves. Our findings demonstrated that
mediated by self-efficacy, metacognitive beliefs can have both direct and indirect influences on effort
withdrawal as a preventive behavior in health-oriented academic lifestyles. In other words,
metacognitive beliefs can influence a student’s effort withdrawal via self-efficacy. Additionally, in
line with the studies mentioned in the introduction, regarding the relationship between self-efficacy
and metacognitive beliefs and health-oriented academic lifestyle preventive behaviors, the present
study surmised that an organized and coherent understanding of concepts, and refraining from
disjointed learning can orient students towards better learning (Göktepe Yıldız, 2020; Oyelekan,
Jolayemi & Upahi, 2019). This approach alleviates a student’s learned helplessness and sense of
inability. In addition, determined and purposeful learning tendencies lead to self-evaluation,
academic behavior management, and ultimately, to academic enthusiasm, and effort withdrawal
reduction and eventual cessation as results of self-efficacy and apt metacognitive beliefs (Lajoie,
Pekrun, Azevedo, & Leighton, 2020; Tankari, Zouhin Toboula, Ousseini, 2020; Shaowei & ChiaChing, 2019; Nicoloff, 2018; Salehzadeh et al., 2018). Such a person will not try to avoid challenging
situations, and will not withdraw his efforts in such situations. Some researchers have demostrated
that as academic health-oriented lifestyle promoting behaviors in students increase, their preventive
behaviors diminish, leading to their academic development and success (Putwain, Wood & Pekrun,
2020; Shaowei & Chia-Ching, 2019; Salehzadeh et al., 2018).
Several shortcomings afflicted the present study. The research sample was limited to the students
studying in a specific field in a single university; therefore, the findings may not be applicable in
other contexts. More extensive studies using samples from different universities and study fields are
recommended. Furthermore, researchers in the present study did not consider social favorability and
participants’ biases. The studied factors should be analyzed in other environments to determine the
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influence of culture and gender on the proposed model, and to gauge the impact of natural disasters
and situations like COVID-19.
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Abstract
In 2015, the United Nations approved the 2030 Agenda on Sustainable Development, an
opportunity for countries and their societies to face the challenge of successfully addressing the
transition to a more sustainable future for people and the planet, leaving no one behind. The agenda
defines a total of 17 Sustainable Development Goals (SDGs) of universal application to promote
economic growth, a commitment to social needs and the protection of the environment. For the
successful achievement the ambitious and demanding SDGs, individuals, businesses,
governments, and higher education institutions should work collaboratively.
This paper aims to contribute to the implementation of the SDGs in the mechanical engineering
subjects, and to define appropriate indicators and validation processes to assess their level of
fulfillment as established in the 2030 Agenda. As a result, better decisions can be made regarding
the efforts that universities - including students, academics and researchers and professional
services staff - must invest to incorporate the SDGs into their initiatives, structures, and policies.
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1. Introduction
The 2030 Agenda for Sustainable Development, approved in 2015 by the United Nations,
represents the international benchmark for excellence in this matter and is being adopted by
governments, organizations, and companies in many countries. The commitments that all these
agents put in place will determine the success of this strategy, as well as their collaboration to achieve
sustainable development that leaves no one behind.
The agenda comprise an extensive action plan based on three axes: people, the planet and
prosperity, which should guide development strategies worldwide for the next few years. The 2030
Agenda proposes 17 Sustainable Development Goals (SDGs) with 169 targets that cover the
economic, social, and environmental spheres. The SDGs are interconnected and interdependent,
referring to the great challenges facing the world today. It establishes a roadmap towards social,
economic, and environmental sustainability, and underlines the need to carry out a significant effort
of alignment and coordination on the part of all the agents involved. The agents include governments,
civil society, private sector, universities, labor unions, Non-Governmental Organizations (NGOs),
etc.
The 17 Sustainable Development Goals (SDGs) are subsequently presented (United Nations,
2015):


SDG 1: No poverty.
End poverty in all its forms everywhere.



SDG 2: Zero hunger (No hunger).
End hunger, achieve food security and improved nutrition, and promote sustainable
agriculture.



SDG 3: Good health and well-being.
Ensure healthy lives and promote well-being for all at all ages.



SDG 4: Quality education.
Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all.



SDG 5: Gender equality.
Achieve gender equality and empower all women and girls.
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SDG 6: Clean water and sanitation.
Ensure availability and sustainable management of water and sanitation for all.



SDG 7: Affordable and clean energy.
Ensure access to affordable, reliable, sustainable, and modern energy for all.



SDG 8: Decent work and economic growth.
Promote sustained, inclusive, and sustainable economic growth, full and productive
employment, and decent work for all.



SDG 9: Industry, Innovation, and Infrastructure.
Build resilient infrastructure, promote inclusive and sustainable industrialization, and
foster innovation.



SDG 10: Reduced inequality.
Reduce income inequality within and among countries.



SDG 11: Sustainable cities and communities.
Make cities and human settlements inclusive, safe, resilient, and sustainable.



SDG 12: Responsible consumption and production.
Ensure sustainable consumption and production patterns.



SDG 13: Climate action.
Take urgent action to combat climate change and its impacts by regulating emissions
and promoting developments in renewable energy.



SDG 14: Life below water.
Conserve and sustainably use the oceans, seas, and marine resources for sustainable
development.



SDG 15: Life on land.
Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss.



SDG 16: Peace, justice, and strong institutions.
Promote peaceful and inclusive societies for sustainable development, provide access
to justice for all and build effective, accountable, and inclusive institutions at all levels.



SDG 17: Partnership for the goals.
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Strengthen the means of implementation and revitalize the global partnership for
sustainable development.

Figure 1. SDGs proposed by United Nations (2015).

Universities as agent of change have an important role in the fulfillment of this agenda given
their responsibility in the field of education, research, development, innovation, and transfer of
knowledge to society (Pérez-Sánchez et al., 2020). This is because higher education broadens
people's options to develop valuable lives. It constitutes a powerful tool for the achievement of
sustainable human development. A good part of the existing inequalities in terms of income or ability
to influence relevant political processes is directly related to the possibility of accessing advanced
educational levels. Likewise, countries with a higher quality of life have invested considerable
resources and efforts in promoting higher education. That is why the objective of development
policies and strategies must be to make effective the human right for all people to access higher
education.
Therefore, the contribution to the United Nations mandate is still a challenge and requires
universities to rethink their activity in a pro-active and operational way towards their specific goals.
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This raises a wide range of monitoring indicators for the achievement assessment of the different
goals.
This paper is intended to contribute to the theoretical reflection, which must be accompanied
by practical proposals that propose concrete and pertinent measurement instruments on the degree of
achievement of the SDGs in universities, so that, in the light of the data, decisions can be made
regarding the efforts that universities must invest to incorporate the 2030 Agenda into their initiatives,
structures and policies. It is necessary to be aware what is being done within the universities,
assessing its degree of relevance and effectiveness in order to be able to consider what remains to be
done and what are the most appropriate instruments to carry it out.

2. Indicators to measure the degree of compliance of the SDGs at UPV.
The UPV is intended to analyze the role that higher education should play in the new paradigm
of sustainable human development and in its contribution to the 2030 Agenda.
The UPV has defined a set of indicators that measures how universities are addressing the 2030
Agenda and their degree of compliance. The indicators are based on relevant, transparent, accessible,
and understandable data, not only for experts but for the entire university community, with the goal
of normalizing the 2030 Agenda (UPV, 2019; 2020). The set of indicators are flexible, adaptable,
and with different levels of depth with the aim of measuring the university commitment to achieve
the SDGs. This operational deployment from the most general to the most concrete, also forces
universities reconsider the scope and contents of the SDGs, the goals, and the indicators in their
context. As a result, a methodological process was carried out for the construction and measurement
of an extensive battery of specific and differentiated indicators for each of the 17 SDGs and structured
into different degrees of measurement. They range from the most general and fundamental aspects
(degree 1), to the most concrete and specific (degree 4).


Degree 1: it covers the most general aspects of the corresponding SDG. These are quick
response indicators (Yes / No / In process) and the result of the measurements is
presented in percentage terms, with only three possibilities: O% / 50% / 100%. This
level assesses the existence of minimum compliance by the university institution in
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relation to a series of variables referred to 8 categories: organizational structure,
preparation / publication of reports, academic / training offer, R+D + i projects,
normative framework, relations with the local environment, participation in public
policies and existence of alliances. In short, it is a very broad level, covering multiple
categories, but with little depth or not very sensitive to intensity.


Degree 2: it provides specific information through numerical indicators. It is also a
general level but one that provides a greater degree of specificity. It should be noted
that levels 1 and 2 have been conceived to be able to be compared between the different
universities, so the results are always reflected in comparable measurement units, such
as percentages, indices, etc., never in absolute terms.



Degree 3: it is specific for each university and unlike the previous ones, it does not
revolve around comparability, but rather its usefulness lies in the internal use of the
information by each entity. For this, specific compliance goals are set for each indicator,
which will be defined by each university individually, taking into account their
priorities, needs and capacities. This level recovers most of the indicators proposed in
level 2, which, along with others considered relevant, will appear associated with
specific quantified goals, established by each university.



Degree 4: it is a specific and concerning each area, unit, service, or department,
establishing indicators adapted to the functions and responsibilities of the
organizational structure considered. The objective is to obtain useful tools for control
and decision-making by university authorities, placing emphasis on the SDGs that have
a higher level of connection with their specific objectives and purposes.

3. SDGs implementation in Mechanical Engineering subjects
Universities as a socially committed institutions, must contribute to the achievement of the
SGGs from their different facets, academic, research, transfer, and innovation, involving the entire
university community. All subjects taught in the university should carry out a reflection exercise on
how they can contribute to the improvement of society within the framework of the SDGs.
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In this sense, this paper deepens in the implementation of the SDGs for the mechanical
engineering subjects taught at UPV, and in defining appropriate indicators and validation processes
to assess their level of fulfillment as established in the 2030 Agenda. A wide range of subjects are
taught by the Department of Mechanical and Materials Engineering (DMME) at UPV and many
research areas are tackled by the different research institutes dealing with the mechanical engineering
field. They cover subjects such as:


Mechanism and machine design (including kinematics and dynamics).



Mechanical design: fatigue and fracture.



Failure Analysis of mechanical components.



Strength of materials and solid mechanics.



Materials engineering, composites.



Manufacturing engineering, technology, and processes.



Maintenance engineering technology, industrial facilities.



Mechanical vibrations.



Structural integrity.



Mechatronics and robotics.



Biomechanics.



Vehicle dynamics.



Engineering design and product design.



Engineering, services, and work risk prevention



Instrumentation and measurement.



Acoustics, noise, and vibration control technology.



Computational mechanics.



Computer-Aided Design (CAD).



Computer-Aided Manufacturing (CAM).



Computer-Aided Engineering (CAE).



Finite Element Method.
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Due to the closely relation between the SDGs and the different courses offered by the
Department of Mechanical and Materials Engineering (DMME), most of them can be easily
implemented in those courses. Moreover, some of the SDGs are already worked in the different
courses, although further improvements would be advisable. In fact, this is the main goal of the
present paper, i.e., to provide tools, concepts, and ideas to further implement corrective actions to
incorporate the SDGs in the mechanical engineering courses. For instance, in the current stage of the
study program the following sustainable goals are partially worked: SDG 6 (clean water and
sanitation), 7 (affordable and clean energy), 9 (industry, innovation, and infrastructure), SDG 11
(sustainable cities and communities), SDG 12 (responsible consumption and production), and SDG
13 (climate action).
It is worth mentioning the extensive experience of authors of the present paper with many of
these subjects. Note that to effectively transmit the SDGs to students, it is important that teachers
keep up to date with educational and technological advances in the subjects. In this sense, they have
published many articles in recent years closely related with the aforementioned subjects. For
instance, Llopis-Albert et al. (2018); Rubio et al., (2021); Valero et al. (2017, 2019); Hu et al. (2021);
Valera et al. (2021); Zeng et al. (2022).
As stated in the previous section, general rules and indicators are defined by the UPV to deal
with the SDGs. Based on that information, we proposed several measures and indicators that can be
applied to the syllabus of the mechanical engineering subjects to further implement the SDGs. This
is carried out by defining three levels: a first level (level 1) of immediate application, a second level
that would be applied in the short term (level 2) and a third level corresponding to the medium and
long term, which would imply proposals that would modify the title verification report as certified
by the National Agency for Quality Assessment and Accreditation (ANECA) of Spain. Despite the
time needed for its implementation, the third level can lead to more integrated and articulated changes
throughout the study plan of the title.


Level 1: introduce in the mechanical engineering courses content related to the 2030 Agenda
in a transversal way, so that all students know its content. It could be implemented by
proposing a compulsory training activity for first-year students. The activity would explain
the objectives pursued by the 2030 Agenda, the 17 SDGs and the 169 targets.
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Level 1: students must incorporate in all laboratory practices and academic works an explicit
reflection that justifies the extent to which their works are related to certain SDGs. This can
be extended to the final degree projects and master's degree final projects offered by the
Department of Mechanical and Materials Engineering (DMME).



Level 1: students must take lessons related to SDGs in each subject. It is proposed to hold
meetings with the teachers responsible of each subject, together with experts in the 2030
Agenda, and to address changes in the syllabus of the subject so that the SDGs are present
in the learning results of the students. This level corresponds to improvement proposals that
do not involve a modification of the certificate verification report of the university degree.



Level 2: Defining new transversal competences (UPV, 2020a; Llopis-Albert and Rubio,
2021) related to the SDGs.



Level 3: Incorporation of the SDGs in the degrees will be encouraged. Elective and specific
training courses on each of the SDGs should be offered, either compulsory or optional
courses. This action would modify the title verification report as certified by ANECA.



Level 3: Promote the mechanical engineering field among high school students to increase
the enrollments and bridge the still existing gap between men and women.

In addition to studying how to introduce the SDGs into the mechanical engineering courses, we also
must consider how to verify that students have achieved these learning outcomes. As a first step, for
a validation of the effectiveness of the actions, all students must pass different activities of evaluation
(including exams, laboratory practices, academic works, etc.) to certify that they have acquired the
knowledge taught in each subject. This can be extended This can be extended to the final degree
projects and master's degree final projects. Therefore, the contents related to the SDGs that are
introduced in each subject are relatively easy to assess. However, it will be necessary to correctly
design the evaluation acts so that this statement is valid. To implement this action an evaluation rubric
should be defined to analyze learner development to incorporate the SDGs in their curriculum. This
rubric should be designed defining 4 levels (A: ineffective; B: developing; C: effective; D: highly
effective), which will be available to both students and teachers. The adaptation of the rubric to 4
levels has been carried out to maintain the same qualification system that is carried out at the UPV
to evaluate the transversal competences present in all its degrees (UPV, 2020a).
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As previously mentioned, a way to assess the level of fulfillment as established in the 2030 Agenda
is to use some indicators. Some of the indicators presented for the whole university in UPV (2019,
2020) are easily transferable to the mechanical engineering subjects. It should be noted that
mechanical engineering subjects mainly deal with SDGs 6, 7, 9, 11, 12 and 13. Subsequently, for the
sake of conciseness only a few examples of indicators at degrees of measurement 1 and 2 are
presented in Table 1 for those SDGs.

Table 1. Examples of indicators for assessing the level of fulfillment as established in the 2030 Agenda.
The Department of Mechanical and Materials Engineering (DMME) and the different research institutes
dealing with the mechanical engineering field at UPV mainly deal with SDGs 6, 7, 9, 11, 12 and 13.

Degree 1

Degree 1

Degree 2

Degree 1

Degree 2

Degree 1

Degree 1

SDG 6
-Do the DMME or the research institutes participate at the local, national, regional or
international level in the debate and / or elaboration of institutional policies on the subject of
sustainable water management and the promotion of sufficient and adequate water and
sanitation systems?
SDG 7
-Do the different subjects offered by DMME contemplate academic / training in sustainable
energy, efficient energy management and renewable energy?
-Are there R+D+i and transfer projects / programs at the research institutes focused on the
production of sustainable energy, its sustainable management, and the promotion of renewable
energies?
SDG 8
-Temporality rate for hired personnel.
-Employability rate of graduates in the mechanical engineering degrees and masters.
-Percentage of graduates who have carried out external internships in companies
SDG 9
-Do the different subjects offered by DMME contemplate academic / training in the
development of sustainable infrastructures, innovation, and promotion of industrial sectors?
-Are there R+D+i and transfer projects / programs at the research institutes aimed at promoting
sustainable infrastructures and supporting industry and the productive sector?
-Percentage of personnel totally or partially dedicated to Innovation and Technology Transfer
-Percentage of revenues from R&D with external funds over the total budget of the department
or research institute.
SDG 11
-Do the DMME or the research institutes include objectives related to the integral sustainability,
for example related to mobility, use of ecological transport, management of green areas,
promotion of cultural and natural heritage, etc.?
SDG 13
-Do the DMME or the research institutes promote initiatives, such as actions, campaigns,
projects, or programs related to the fight against climate change and its effects (environmental,
social, politicians, etc.)?
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4. Conclusions
The 2030 Agenda constitutes a roadmap towards sustainable development with the aim to end
poverty, protect the planet, and ensure all people enjoy peace and prosperity. This work constitutes a
first effort to implement, measure and validate the degree of compliance with the SDGs in the
mechanical engineering subjects taught at UPV. Several actions have been defined at three different
levels to incorporate the SDGs into the students’ curriculum. They differ from the time needed to be
implemented, i.e., immediate, short, medium, and long-term. Additionally, a set of indicators have
been developed to assess the significance and the degree of fulfillment of the actions undertaken.
They cover all the actors involved, students, teachers, and university. Eventually, we propose to
define a rubric similar to those existing for the transversal competences to facilitate the evaluation.
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Abstract
This paper aimed to determine the English language proficiency of senior high school
students as input for the language extension program at Gammad National High School.
Specifically, it determined the students’ proficiency level on the eight (8) parts of speech;
the reading comprehension level along literal, interpretative, evaluative, and integrative;
and the reading comprehension level on different genres such as a poem, essay, and short
story. A descriptive research design was employed in the study. The fifty-one (51)
respondents of Grade 11 senior high school students at Gammad National High School
were chosen using the total enumeration technique. An 82-item proficiency test was used
as an instrument in gathering the data. Weighted mean was used in analyzing the data.
Results of the study show that among the eight parts of speech, the senior high school
students performed well in using adverbs, prepositions, and interjections but found it
problematic of using verbs. On reading comprehension, the respondents excelled under
literal level across all genres but not on integration and evaluation levels. The study
concluded that the respondents are “Proficient User of English” or “High” level in using
grammar and reading comprehension. They have mastered the basics of using the English
language; however, they need to be exposed more to meaningful activities and varied texts
to attain a high level of proficiency.

Keywords: English Language; Level of Proficiency; Reading Comprehension, Eight
Parts of Speech.
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1. Introduction
Since English is the primary language of instruction and communication, you must
demonstrate an adequate level of proficiency in English, regardless of your citizenship status or
country of origin. This language requirement ensures that all students will have the opportunity for
success in their chosen program.
The Philippines is recognized globally as one of the largest English-speaking nations. Based
on the Business English Index (BEI) in 2012, only the Philippines attained a score above 7.0, putting
the country within the range of a high proficiency that indicates an ability to lead business discussions
and perform complex tasks. The country’s proficiency in the English language is one of the strengths
that has helped drive the economy and even made the Philippines the top voice outsourcing
destination in the world, surpassing India in 2012. According to Mitra (2013), the Philippines’
principal strength in the export service sector is the large educated workforce with strong Englishlanguage capabilities.
Further, the influx of foreign learners of English is on the rise due to the relatively more
affordable but quality English as a Second Language (ESL) programs being offered locally. This is
a manifestation that the country is doing fine in terms of English competency.
However, gradual deterioration in the use of the English language has been observed not
only in the academe but also in the business world. The level of English proficiency of college
graduates from the Philippines is lower than the target English proficiency of high school students in
Thailand, according to a study conducted by the Hopkins International Partners, which is the official
Philippine representative in the group called Test of English for International Communication
(TOEIC).
In a “24 Oras” report by Raffy Tima, the Hopkins International Partners’ General Manager
Rex Wallen Tan said the Philippines lags behind most of its ASEAN neighbors in English proficiency.
In the speech of Dr. Prospero De Vera during the Seminar-Workshop on the English Roadmap of the
Philippines, recently in September 2017, there was a Nursing migration program to the UK worth
around Php300 million in salaries under which around 90% of the Philippines nurses recruited failed
the English language test.
Further, senior high school graduates have two options whether to continue pursuing their
tertiary education or to work in the industry immediately. With the two additional years, they are
expected to be more competent and equipped with the competencies needed in the industries.
However, language teachers and school heads both in private and public schools have the same
observation as regards the low performance of the students in the English language.
In 2013, research conducted by the Business Process Association of the Philippines (BPAP)
concluded that of the four basic skills they measured (English proficiency, Cognitive ability,
Computer literary, and Perceptual Speed & Accuracy), English proficiency development should be
given priority when addressing the supply-demand gap of industry and academe. Further, DepEd
participated in the 2018 cycle of the Programme for International Student Assessment (PISA), a
triennial international assessment administered to 15-year old learners, who are near the end of their
compulsory basic education. Implemented by the Organization for Economic Cooperation and
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Development (OECD), PISA specifically looks into the learners’ ability to apply the knowledge they
have gained in formal education to everyday situations. Reading Literacy was assessed as the major
domain. Results showed that Filipino students obtained an average score of 340 points in Overall
Reading Literacy, which was significantly lower than the OECD average of 487 points.
In the K to 12 English Curriculum Guide (2016), Senior High School focuses on the domains
where language is integrated. Grammar awareness and structure and reading comprehension are
taught, for these allow students to progress from the foundational level to higher levels of language
use. Students would be able to read, speak and write correctly. They can communicate effectively, in
oral and written forms, using the correct grammatical structure of English. Further, they can discuss
and analyze text to create new meanings and respond to literary text through the appreciation of
literary devices.
In this premise, the researcher is motivated to assess the English language proficiency of the
Senior High School students of Gammad National High School, the adopted school of the College
of Arts and Sciences, Cagayan State University. Results may serve as input for the enhancement of
the language extension program.

2. Literature Review
2.1. Proficiency
The 2013 study, the third edition of EF’s English Proficiency Index, ranks 60 countries and
territories around the world by adult English proficiency. As the report notes:
“Today, English proficiency can hardly be thought of as an economic advantage at all. It is
certainly no longer a marker of the elite. Instead, it is increasingly becoming a basic skill
needed for the entire workforce, in the same way, that literacy has been transformed in the
last two centuries from an elite privilege into a basic requirement for informed citizenship.”
Rao (2016) emphasized in her study that proficiency equates with fluency, but there is a
distinction between both of them. It is possible to be fluent without being highly proficient, as it is
also possible to be highly proficient without being fluent. She further mentioned that when it comes
to second language learning, a few major aspects of fluency lay in the prosody of the language,
pronunciation, and the timing of dialogue. Fluency is impossible to attain without engaging in
dialogue with a fluent speaker of the language. Proficiency, on the other hand, is the primary focus
of your ability to understand and communicate precisely in the language. Proficiency is best practiced
through reading and writing.
Proficiency is regarded as a continuum (James, 1985, p.2.) which means proficiency can be
considered as a scale of related skills of language slightly and continuously changing at each level.
As a continuum, proficiency is split into levels that include the gradually changing successive
abilities in the use of language with the prior levels prerequisite accomplishing the following levels
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(Heilenman & Kaplan, 1985, p. 61). For the use of language “function, context/content, and
accuracy” are accepted as the three criteria. The function represents the individuals’ ability to
complete a task linguistically, like asking questions, or describing; context/content refers to the
setting of the functions; and accuracy means the level of correctness of an individual’s language use
and each factor extends in breadth as the level of proficiency increases (Bragger, 1985, p. 80).
According to O’Sullivan (2012), it is difficult to define the limits of the language that is used
in a context, although identification of the specific aspects of language use, like vocabulary or syntax,
can be described in a given context to attain information about the needs analysis of the language use
given in a specific context (O’Sullivan, 2006). The aspects of language used should be specified and
what language is used in the given context needs to be determined to assess the language proficiency
level.
This study considered only the reading skills as well as the eight parts of speech. Teachinglearning of the English language focusing on these components provides avenues to hone learners’
proficiency in the language well.
2.2. Grammar
Generally speaking, students feel that English is a difficult language having complicated
grammar rules to master. But is it true that for effective communication, there is a need for essential
principles of grammar or syntax? Language is supposed to be a great highway, the words are the cars
and trucks, but the grammar is the road signs and markings that tell the cars and lorries where to go
and how to drive. Thus, having a good grasp of the rules of the English language would help us
express our thoughts and communicate with others.
In the study conducted by Tuan (2017) entitled ‘Communicative Competence of the Fourth
Year Students: Basis for Proposed English Language Program in Vietnam’, he found that the
strengths and weaknesses of the respondents relative to linguistic competence are along with nouns,
pronouns, and preposition. On the other hand, their weaknesses are along with verb, adverb, and
interjection. According to him, the weakness of the respondents relative to verb indicates that they
have low knowledge, ability, and skill in determining the function of verb that is to describe an action,
state, or occurrence, and forming of the main part of the predicate of a sentence. They are also weak
in determining the two categories of verbs and their function in the sentence. More importantly, the
respondents are very weak in recognizing the functions of a verb as a system in which the form of
the “verb reflects the person, number, and/or gender of one or more arguments.” The other weakness
of the respondents relative to adverb implies that the respondents have low competence in
understanding that an adverb in a word or phrase modifies or qualifies an adjective, verb, or adverb
or a word group, expressing a relation of place, time, circumstance, manner, cause, and degree.
Meanwhile, the weakness of the respondents relative to interjection shows that they have difficulty
understanding that interjections show the emotion or feeling of the author and that they can stand
alone or be placed before or after an exclamation point.
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In the study conducted by Leyaley (2016) in Kalinga-Apayao, she found that the English
language proficiency of freshmen students who are enrolled in the Institute of Teacher Education is
described as Early Intermediate regardless of the type of school they graduated from, the program
they are enrolled in, and the honors they have received. This means that they can communicate basic
and familiar topics containing previously taught vocabulary and sentences structures. On the other
hand, they commonly make errors in word usage, pronunciations, and grammar. Thus, they greatly
benefit from explicit teaching and modeling of high-frequency words, grammatical structures, and
sentence frames (Baeta et al., 2012).
2.3. Reading Comprehension
Reading with comprehension is one of the primary goals of the Senior High School
curriculum. Comprehension is what allows our Senior High students to understand the information
about the topic specifically to effectively perform other skills needed in various tasks. According to
Baier (2005), reading comprehension refers to the meaningful interface between your schema –what
you already know and the meaning of the text –what the text is about. It is a cognitive process
involving the conscious intellectual activity of formulating meaning from the text; more than just the
reading skill itself. It goes beyond the ability to recognize every single word in the text that you are
reading. It is more of interpreting and decoding meanings from a combination of unknown and
familiar words.
Reading proficiency is essential for a wide variety of human activities-form following
instructions in a manual; finding out the who, what, when, where, and why of an event; to
communicating with others for a specific purpose or transaction. Reading was the main subject
assessed in Program for International Student Assessment (PISA) 2018. The PISA 2018 assessment,
which was delivered on a computer in most of the 79 countries and economies that participated,
included new text and assessments formats made possible through digital delivery. The test aimed to
assess reading literacy in the digital environment while retaining the ability to measure trends in
reading literacy over the past two decades. PISA 2018 defined reading literacy as understanding,
using, evaluating, reflecting on, and engaging with texts to achieve one’s goals, to develop one’s
knowledge and potential, and to participate in society.
Released on December 3, 2018, PISA results that the Philippines scores 340 in Reading,
below the average of participating Organization for Economic Cooperation and Development
(OECD). With the PISA results reflecting the learners’ performance in the National Achievement
Test, DepEd recognizes the urgency of addressing issues and gaps in attaining the quality of basic
education in the Philippines. DepEd will lead this national effort for quality basic education through
Sulong Edukalidad by implementing aggressive reforms in four key areas: (1) K to 12 reviews and
updating, (2) improvement of learning facilities, (3) Teachers and schools head’s upskilling and
reskilling through a transformed professional development program; and (4) engagement of all
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collaboration

(https://www.deped.gov.ph/2019/12/04/sulong-

Giang (2017) in her study entitled ‘Reading Comprehension Performance of EFL First-Year
Students: Basis for Reading Enhancement Program’ in Vietnam found that the EFL studentrespondents find English reading materials interesting with the highest interest in music reading
materials while science is their least. They do not often indulge themselves in spending quality time
in reading encyclopedia and reader’s digest, and they are only exposed sometimes to media learning
facilities like TV radio; social media networks particularly Facebook; and library holdings like books,
newspapers, comics, and magazines. Concerning reading comprehension, students are only evidently
competent at the literal level from the select genres of literature which are a poem, essay, and short
story. Further, the level of students’ reading comprehension is relatively high along with poetry.
However, it remains an undiscounted fact that they are yet weak along with an essay and short story.
In a Manila Times on November 18, 2019, Valderama mentioned that a couple of years ago,
a study by the Hopkins International Partners showed that the level of English proficiency of college
graduates from the Philippines was lower than the target English proficiency of high school students
in Thailand. Hopkins International Partners was the official representative of the Philippines to the
Test of English for International Communication (TOEIC), an international standardized test of
English skills of people working in an international environment. The same study showed that
Filipino graduates’ English skills were lower than the target for cab drivers in Dubai. Cab drivers in
Dubai, the largest city in the United Arab Emirates, are expected to have a TOEIC proficiency score
of 650, compared to the 631.4 proficiency score of a Filipino college graduate.
In the study conducted by Sijali (2016) in Nepal which aimed to investigate the proficiency
level of English language of higher secondary level students regarding gender, nature of institution,
medium of instructional and stream, he found that the English language proficiency level of higher
secondary level students in Nepal was poor. Regarding gender, the result showed that there was no
statistically significant difference between female and male ELT students in their English language
proficiency level. However, ELT students of government higher secondary level were found
statistically significantly less proficient in the English language than that of private higher secondary
level.
Navarro et al. (2015) in their study found that Maritime students agreed that English is
required in their chosen course and is useful in securing a job, especially in the Metro Manila area
and abroad. On the other hand, Maritime students are incompetent in vocabulary and reading
comprehension and fairly incompetent in grammar. Further, Baeta et al. (2012) in Central Bicol State
University revealed in their study that College Freshmen were proficient in Grammar and moderately
proficient both in Reading Comprehension and Phonology, but they are hardly proficient in
Vocabulary. Generally, the proficiency level of College freshmen falls under moderate proficiency.
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2.4. Genres
Learners have different strategies in learning. Because of their unique exposure, they
comprehend things differently. Just like reading texts, others would prefer prose to poetry or just the
opposite.
Exposing students to different types of texts early on builds their capacity to understand the
wide variety of reading material they will encounter during their school years and beyond. In
exposing students to a variety of texts, teachers should also ensure that a selected text (1) contains
rich ideas and information, (2) is at an appropriate difficulty level for students’ word-reading and
comprehension
skills,
and
(3)
aligns
with
the
purpose
of
the
lesson(https://files.eric.ed.gov/fulltext/ED597128.pdf).
2.4.1. Poetry
Poetry can be a creative way of exposing English language learners to quality literature.
Students can use these short, fun, non-threatening pieces of text to begin to learn how to apply reading
strategies to increase their comprehension (Norris, 2011). Because it is so accessible to students, it is
a genre that can easily be used to help students begin to increase their awareness of reading
comprehension strategies (Hadaway, Vardell, & Young, 2001).
2.4.2. Short Story
Stories with strong literary value and informational texts that are accurate, well-written, and
engaging are consistently good choices for teaching reading comprehension. Pardede’s (2011) study
at Christian University of Indonesia revealed that the majority of the students of the English Teaching
department found short stories interesting to use both as materials for self-enjoyment and as
components of language skill classes.
Saka (2014), in her descriptive study supporting Vural (2013)’s results, identified the ideas
of 40 junior students of the ELT Department of Akdeniz University about the contributions of
studying short stories. The results suggested that reading short story increased their wish to read more
and appreciation for literature.
2.4.3. Essay
Expository (or informational) text is the primary source of reading material used to present
academic content (e.g., science, social studies). As such, it is essential that students can comprehend
expository text. This is recognized in the Common Core State Standards for English Language Arts,
which states that, as early as kindergarten, students should be able to engage with informational text
in multifaceted ways, such as identifying the main topic, asking and answering questions about key
details, and describing connections between pieces of information (National Governors Association
Center for Best Practices & Council of Chief State School Officers, 2010).
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3. Methodology
3.1. Research Design
This study made use of the descriptive-quantitative research design. As a research method,
it represents a systematic and objective means of describing and quantifying phenomena (DowneWamboldt, 1992; Schreier, 2012 cited in Elo Kaariaimen, Kanste, Polkki, Utrianien & Kyngars,
2014). Thus, the present study described and quantified the English proficiency level of the senior
high school students along with grammar and reading comprehension.
3.2. Participants
The participants of the study were the fifty-one (51) Senior High School students of Gammad
National High School, Iguig, Cagayan for the school year 2017-2018. They were composed of
24(TVL track) and 27 (GASS track). Gammad National High School is an adopted school of the
Department of Arts and Humanities, College of Arts and Sciences, Cagayan State University-Carig
Campus.
Table 1. Participants’ demographic profile.
Demographic Profile
Frequency
(n=51)
Sex
Male
24
Female
27
Strand
GAS
27
TVL
24
Language Used at Home
Ilocano
1
Ibanag
2
English
0
Itawes
37
Tagalog
11

Percentage

47.06%
52.94%
52.94%
47.06%
1.96%
3.92%
0.00%
72.54%
21.56%

3.3. Research Instrument
This study used an English Proficiency Test as the main tool in gathering the data. Part 1
included the profile of the participants, while Part II was the English Proficiency Test covering a 40item Grammar Test on the eight parts of speech (nouns, pronouns, verbs, adjectives, adverbs,
prepositions, conjunctions, and interjections) and a 42-item Reading Comprehension Test on the
three literary genres: poem, essay, and short story. Each text has four sets of questions of different
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levels: literal, interpretation, evaluation, and integration. Before the test was administered to the
participants, it was piloted to another group of students who belonged to the same level.
3.4. Analysis of Data
To determine the proficiency level of respondents on the eight parts of speech and reading
comprehension tests, the mean average was used.
The scale below was used to determine the English proficiency of respondents on the eight
(8) parts of speech.

Proficiency Level for the Whole Test in Eight Parts of Speech
Score Intervals
Proficiency Level

Descriptive Value

32.01-40.00

Very Proficient User of English

Very High

24.01-32.00

Proficient User of English

High

16.01-24.00

Fair User of English

Moderate

0.01-16.00

Modest User of English

Low

Limited User of English

Very Low

1.00-8.00

Overall Level Reading Comprehension Ability of Respondents
Scores Equivalent

Interpretative Level

33.61-42.00

Very high

25.21-33.60

High

16.81-25.20

Moderate

8.41-16.80

Low

1.00-8.40

Very Low

4. Results and Discussion
Proficiency level in the Eight (8) Parts of Speech
Table 2 presents the language scores of the senior high school students in the eight (8) parts
of speech. As gleaned from the table, most of the senior high school students got the highest scores
on adverbs with a weighted mean average of 37, followed by conjunction with a weighted average
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of 27.2, while the least was on the use of verbs with a weighted mean average of 16.8. Generally, the
respondents’ English language proficiency in the eight parts of speech has an overall mean average
of 26. 7, which means that they are Proficient Users of English. This implies that despite showing
good performance on function words, the participants could hardly use content words accurately,
especially the copula and subject-verb concord. It means that the participants are still confused when
using subject-verb agreement and do not know the rules of it.
The result of the present study was strengthened by Freeman and Murcia (2010) in their
Grammar Book in which research on L2 morpheme acquisition has shown that the third person
singular present tense-s inflection causes persistent problems for learners even at more advanced
stages of proficiency. The findings of the study corroborate also the study made by Tuan (2017) in
Vietnam that the weakest point of students in grammar is the use of verbs. The weakness of the
respondents relative to verb indicates that they have low knowledge, ability, and skill in determining
the function of verb that is to describe an action, state, or occurrence.
Table 2. Proficiency level in the eight (8) parts of speech.
Parts of Speech
Mean
Noun
23.8
Pronoun
23
Verb
16.8
Adjective
23.8
Adverb
37
Preposition
31.4
Conjunction
27.2
Interjection
30.6
Overall mean average
26.7

Descriptive Value
Moderate
Moderate
Moderate
Moderate
Very High
High
High
High
High

Proficiency Level in Reading Comprehension (Poem)
Table 3 presents the proficiency level in reading comprehension using the poem. As gleaned
from the table, most of the respondents almost get a perfect score in the literal level with a mean of
41.67 (Very high), followed by an interpretation level with a mean of 23.4(High). On the other hand,
it reveals that the respondents are weak in both evaluation and integration levels with a mean of 18.75
(Low) and 18.5 (Low) respectively. Generally, the respondents’ proficiency level in reading
comprehension using the poem has an overall mean average of 25.63(High), which means they are
Proficient Users of English. This implies that the respondents excel in mastering facts or information
questions but have the difficulty in understanding questions that require higher-order thinking skills
(HOTS).
Poetry promotes oral fluency and lays a strong foundation for reading in a new language.
Because of the rhyming patterns, the repetition, the rhythm, and the manageable chunks of text,

Manuel (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 71-86. https://doi.org/10.4995/muse.2022.16638
80

Multidisciplinary Journal for Education
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16638
e-ISSN: 2341-2593

poetry is an ideal genre for teaching ELLs how to read. And not only is it a powerful tool in the
classroom, but it also can be used to introduce content in science, math, and social studies classrooms
(Vardell, Hadaway & Young, 2006).
Table 3. Proficiency level in reading comprehension using the poem.
Levels of Reading
Mean
Descriptive Value
Comprehension
Literal
41.67
Very High
Interpretation
23.6
Moderate
Evaluation
18.75
Moderate
Integration
18.5
Moderate
Overall mean average
25.63
High

Proficiency Level in Reading Comprehension (Essay)
Table 4 presents the proficiency level of senior high school students in reading
comprehension using an excerpt in essay text. As gleaned from the table, the respondents got the
highest scores in the literal level with a mean of 31(Very High), whereas in the three remaining levels:
interpretation, evaluation, and integration, they encountered difficulty with mean scores of
15.8(Low), 15.5(Low), and 15(Low). Generally, the respondents’ reading comprehension level using
essay text has an overall mean average of 19.32 (Low), which means that they are Fair Users of
English. The result is attributed to their attitude in reading this genre. Nonfiction appeals to the
intellect, unlike fiction which appeals to emotions. Thus, reading nonfictions is like a workout for
your brain. You need to think over the facts and analyze them.
Table 4. Proficiency level in reading comprehension using an excerpt from essay text.
Levels of Reading
Mean
Descriptive Value
Comprehension
Literal
31
High
Interpretation
15.8
Low
Evaluation
15.5
Low
Integration
15
Low
Overall mean average
19.32
Moderate

Proficiency Level in Reading Comprehension using a short story
Table 5 presents the respondents’ proficiency level in reading comprehension using a short
story. As gleaned from the table, most of the respondents have the highest scores on the Literal level
with a mean of 32. 67(Very High), followed by Interpretation level with a mean of 27(High) and
Evaluation level with a mean of 26.5 (High). On the other hand, the respondents find difficulty in the
Integration level with a mean of 17.75 (Low). Generally, the respondents’ proficiency level in reading
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comprehension using a short story has an overall mean of 25. 98 (High), which means that they are
Proficient Users of English. This reveals that through short stories, students can be in contact with
real language.
This was supported by Parede (2010) when he found in his research that short stories are
interesting to use as material for personal enjoyment and help students achieve better mastery in the
development of language skills. Further, researchers show that among other literary genres, short
stories are the most preferred ones in language classrooms (Küçükoğlu and Sariçoban, 2011).
However, the study of Giang (2017) in Vietnam challenged the result of the present study when she
found in her research that the respondents had poor comprehension when a literary piece is in prose
like a short story, whereas in the present study this was even ranked 1 with High descriptive value.
The result of the study is attributed to the language exposure of the respondents. They are fond of
watching stories or movies which have a great contribution to easily understanding the plot of the
story. However, it can be seen that the respondents do not appreciate and feel the importance or value
extracted from the text.
Table 5. Proficiency level in reading comprehension using a short story.
Levels of Reading
Mean
Descriptive Value
Comprehension
Literal
32.67
High
Interpretation
27
High
Evaluation
26.5
High
Integration
17.75
Moderate
Overall mean average
25.98
High

Overall Result of the Reading Comprehension Level
Table 5 presents the overall result of the respondents’ reading comprehension level in the
different literary genres. As gleaned from the table, the respondents performed well in the Literal
level with a mean of 35.2(Very High), followed by Interpretation level with a mean score of 21.78
(High). However, both Evaluation and Integration levels are displayed problems with a mean of 17.16
and 20.16. Both got low descriptive value, which reveals that they are Fair Users of English. This
reveals that the senior high school students have not developed yet their higher-order thinking skills
(HOTS). They could hardly answer questions elicited by why and how. They lack skills in giving
judgment and generating ideas that are implicitly stated in the selections. This means that the
respondents are poor in reading between the line and reading beyond the line. This implies that the
senior high school students are most likely capable only of comprehending literal meanings of facts
and information constituted by simple written texts, sentences, or paragraphs through Lower
Thinking Skills (LOTs). The finding of the study supported the study conducted by Tizon (2011) in
Misamis Occidental, the Philippines in which the majority of the respondents had average literal
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ability; however, their higher level of thinking/comprehension was very low as reflected in their
lowest creative ability, lower interpretative, and evaluative skills.
In the study conducted by Domingo (2018) on the English Proficiency of the Senior High
School students of Visayas State University, she corroborated the result of the present study. It was
found in her study that the students are varied in their proficiency level in using the English language.
That the overall results based on the mean scores show that students are competent in listening and
good in reading, speaking, and writing.
Table 6. Summary of the proficiency level in reading comprehension.
Levels of Reading
Comprehension
Literal
Interpretation
Evaluation
Integration
Overall mean average

Mean
35.1
21.78
17.16
20.16
23.55

Descriptive Value
Very High
Moderate
Moderate
Moderate
Moderate

5. Conclusions and Recommendations
Generally, the Senior High School students were categorized under “Proficient User of
English” or “High” level in using grammar and reading comprehension. Although the English
language is not the native language in the country, the students demonstrate commendable
performance along with grammar and reading comprehension. This displays that they have mastered
the basic linguistic units which serve as the foundation in learning the English language.
However, it is still recommended that English language teachers may give more emphasis
on the use of verbs. Students should be exposed to more meaningful activities or drill to appreciate
and eventually master their use. Further, teachers may not only consider convergent questions during
the class discussion but also divergent questions or analytical questions to help students develop their
Higher Order Thinking Skills (HOTS) skills. Finally, ESL teachers may continue to look for creative
ways to teach reading comprehension to help English learners.
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Abstract
The paper aims to explore the peculiarities of doctoral education under COVID-19 in Ukraine. The
application of digital instruments and services by doctoral students has become a priority during
distance training. However, this approach is mainly a new experience and, accordingly, undergoes
theoretical substantiation and piloting. The focus of the study is two-fold. It theoretically discusses
the digital support of dissertation research at various stages. Secondly, based on the findings of the
survey on the doctoral students’ application of digital tools and services the challenges have been
identified. We conclude that the priority of digital education in the EU countries, especially under
COVID-19 pandemic highlights the task of restructuring the doctoral education in Ukraine towards
its dynamic digitalization. The digitization should be comprehensive and systematic.
Systematization should include technical, organizational, motivational and developmental
components aimed at synergy of institutions, doctoral students and supervisors. The complexity
should include both the digitization of the training component and independent work of the
doctoral students while writing a dissertation. The groups of DT&S for application by doctoral
students are recommended for the inclusion into the doctoral students’ training curriculum both in
the format of a separate course and by integration into the syllabi of other disciplines. Based on the
research findings the targeted scientific/methodical events (seminars, master classes, doctoral
schools, etc.) providing knowledge and skills on DT&S application are recommended.

Keywords: doctoral education, doctoral students; digital instruments and services; university;
Ukraine.
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1. Introduction
The perspective of Europe’s digital sovereignty by building and deploying technological
capabilities in a way that empowers people and businesses to seize the potential of the digital
transformation is proclaimed in 2030 Digital Compass. Digitally skilled population and highly
skilled digital professionals are named as a target for achieving solidarity, prosperity, and
sustainability (European Commission, 2021). The EU vision of digital skills and competences is
outlined in the European Digital Competence Framework, also known as DigComp (Vuorikari et
al., 2016) and updated in DigComp 2.1: The Digital Competence Framework for Citizens
(European Commission, 2017). The DigComp 2.1 identifies the components of digital competence
in the areas of information and data literacy, communication and collaboration, digital content
creation, safety, problem solving. Skills to locate and retrieve digital data, information and content;
interact, communicate and collaborate through digital technologies; create and edit digital content;
identify needs and problems, and to resolve conceptual problems and problem situations in digital
environments, etc. are defined as basic for the EU citizens.
Making better use of digital technology for teaching and learning, improving education
through better data analysis and foresight and enhancing digital skills and competences for the
digital transformation are proclaimed a priority in the EU Digital Education Action Plan (20212027) (European Commission, 2020). The digital literacy has been declared a necessary condition
for the development of the European Educational Area by 2025 (European Commission, 2020a).
This actualizes the mission of education, respectively universities are viewed from the standpoint
of leaders in generating innovations. 2017 Communication on a renewed EU agenda for higher
education (European Commission, 2017a) has confirmed the importance of strengthening links
between education, research and innovation. Given this high quality doctoral education is viewed
critical for the promotion and adoption of new ideas.
The Salzburg Principles developed at the Bologna Seminar on “Doctoral Programmes for the
European Knowledge Society” (Bologna Seminar, 2005) and enriched in the Salzburg II
Recommendations in Berlin (European University Association, 2010) provide universities with
clear ideas to cultivate the research mindset, nurture flexibility of thought, creativity and
intellectual autonomy through an original, concrete research project. However, the dynamic
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development of the world, which involves the digitalization of all spheres of human life, is making
changes in the organization of doctoral education. In the digital world a modern researcher is to
perform many research tasks, namely to:
• Carry out the expanded search and use data from various databases within the research,
including scientometric;
• Collect statistical data and use digital tools (software applications, online calculators, etc.)
for scientific statistical data analysis;
• Adapt scientific knowledge digital spaces for the exchange of experience (conferences,
seminars, scientific associations, etc.);
• Use digital tools to disseminate research results (web publications, blogs, etc.).
The COVID-19 pandemic has intensified changes of the doctoral education format. They are
complex and multi-layered taking the application of digital tools and services (DT&S) by doctoral
students to a new level. The study aims to explore the peculiarities of the application of DT&S by
doctoral students during research in universities under COVID-19 in Ukraine. This paper is,
therefore, intended to respond to the following research questions:


What types of DT&S correspond to the specifics of doctoral research?



What DT&S do doctoral students use at different stages of their research?



What factors inhibit doctoral student to apply DT&S while doing dissertation
research?

2. Literature Review
In order to conduct literature review, the authors carried out literature search collecting
relevant papers/documents focusing on digitalisation/digital transformation, doctoral education, the
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use of DT&S by doctoral students. Priority was given to the papers/documents published after the
COVID-19 pandemic had begun.
The Eurodoc documents provided a holistic view of the doctoral education in Europe under
COVID-19 pandemic. The sources analysed include also the academic journals papers, which the
authors classified into three categories, namely digitalisation/digital transformation as a
phenomenon of today; digitalisation of higher education; digitalisation of doctoral education.
2.1. The digitalisation/digital transformation as a phenomenon of today
Google Scholar finds approximately 757,000 “digitization” hits, 599,000 “digitalization” hits,
115,000 “digitalisation” hits and 4 190 000 “digital transformation” hits. It confirms the importance
of the scientific understanding of the holistic integration of digital technology into all areas of
human life. The researchers focus on the interrelationships and interactions between digitization (as
a process of conversion of analog data into digital format) and digitalization, which in Randall’s et
al. (2018) vision means the transformation of all sectors of our economy, government and society
based on the large-scale adoption of existing and emerging digital technologies. As a result of the
terminology study Van Veldhoven & Vanthienen (2019) collected seventeen definitions of the
digital transformation that emphasize various aspects of this process, i.e. use of digital
technologies, society transformation, organizational transformation, digital innovation, digital
economy, new business models, etc. Based on the developed Digital Transformation Framework
Van Veldhoven & Vanthienen (2019) define the digital transformation as the continuously
increasing interaction between digital technologies, business, and society, which has
transformational effects and increases the change process’s velocity, scope, and impact.
2.2. The digitalisation of higher education
The studies on the digitalization of higher education are particularly relevant as this sector is
considered to be crucial in providing the highly skilled human capital for economic growth. The
studies address the relationship between digital transformations and the developments in higher
education, the impact of digital transformations on academic teaching, ways to overcome
barriers/gaps in digital teaching and lack of digital teaching/ learning resources to increase the
potential of higher education.
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The problem of digital skills and competencies is no less relevant. The scholars state that
digital transformation covering the development of new infrastructure and increasing use of digital
technologies and resources for instruction necessitate mastering digital skills by students and
teachers. García & Ferrando (2014) underline that digital literacy requires the high level use of
technological resources. Araújo, Cardoso, Toubes & Fraiz (2020) write about the importance of
mastering digital competence by students in Spanish university education. Basing on the findings
of the research the scholars recommend including curricular programme methodologies that
provide skills to younger generations to make the use of new technologies expedient. Sales,
Cuevas-Cerveró & Gómez-Hernández (2020) hold a similar opinion advocating incorporation of
the information and digital competence into the work methodology of all subjects in a university.
On the example of Borys Grinchenko Kyiv University Khoruzha, Proshkin & Hlushak (2020)
prove the effectiveness of digital technologies (distance learning systems, electronic libraries,
scientific and metric databases, resources for communication and cooperation with mobile devices,
services for real-time surveys time, online video services, resources for creating multimedia
presentations and interactive testing of existing knowledge, skills, etc.) to implement the training
programme. Based on a systemic literature review of the extant literature on adopting e-learning
systems at higher education institutions Awan, Afshan & Memon (2021) argue the importance of
such systems adoption. The paper identifies and puts forward the level of compatibility and
readiness of students and teachers in adopting e-learning, factors that motivate and hinder the
adoption of e-learning respectively, benefits of adopting an e-learning system, and the strategies for
implementing e-learning at higher education institutions. The research of Erdmann, Presedo &
Valdes (2021) on the digital transformation of universities caused by COVID-19 pandemic is
especially relevant. The authors describe the process of digitalization of educational institutions and
analyse students’ insights regarding the implementation of hybrid methodologies of learning and
identify potential differences in perception across university degrees.
2.3. The digitalisation of doctoral education
Google Scholar finds approximately 10,900 “digitalisation of doctoral education” hits, 30,300
“digitalization of doctoral education” hits and 640,000 “doctoral education under COVID-19” hits
that indicate the relevance of this problem for the research. The scholars stress the importance of
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ICT for raising both the efficiency of the research and the quality of the research product. At the
same time, the research of Sanchez-Macias & Veytia-Bucheli (2020) shows that doctoral students
often do not have a higher level of digital competence solely because they belong to this level of
education. This conclusion correlates with opinion of Sim (2016) who is convinced that doctoral
students require greater support to enhance the ICT usage during their study because of low “eliteracy”. The author advocates for a shift to a new understanding of doctoral study schema by
evolving a mutual understanding of ICT application among institutions, PhD supervisors, and PhD
students in the doctoral research. Batool et al. (2021) have concluded that use of ICT has a
significant impact on the performance of the research students.
The COVID-19 pandemic has accelerated the digitization of doctoral education, intensifying
challenges. To the common to Europe, the Eurodoc referrers obstacles for geographical or
intersectoral mobility under lockdowns; a lack of interaction of doctoral candidates with
supervisors/mentors, with obvious effects on their work; problematic access to research resources
(non-digital libraries, lab physical resources, etc.) or at precise physical locations (archaeological,
geological sites, etc.); lack of an adequate working environment at home; lower productivity and
increased precarity; increased sense of isolation and anxiety (Eurodoc, 2020). Besides, the scholars
underline the problem of the so called “digital divide” (Persky et al., 2020), negative impact on the
overall psychological health of doctoral students and lack of interaction with peers and in-person
discussions (Varadarajan, Brown & Chalkley, 2021). Important for our study are the findings of
Lambrechts & Smith (2020) relating the problem of data collection (interviews and focus groups
survey) by doctoral students during COVID-19 pandemic. The responders of their survey have
reported about the necessity to move data collection online, which requires updating the research
strategy and actualizes the availability of technical conditions. The use of multitude of online tools
for the research is becoming the norm today and is assessed as enhancing student academic
learning (Börgeson et al., 2021).
At the same time, the literature analysis shows that most research on this topic concerns the
use of DS&T during doctoral training. Innovativeness is that the paper offers recommendations on
raising the effectiveness of the use of DT&S by doctoral students in the process of their individual
work on writing a dissertation.
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3. Methodology
In the study, we follow Marakovits’s (2021) understanding of the DT&S as Internet-based
programmes and resources which can be used to support, enhance, and facilitate the doctoral
research and instruction. Both qualitative and quantitate research methods have been used. The
international organisations’, governmental and institutional websites; research papers at Google
Scholar

(https://scholar.google.com/);

reference

resources

at

Wikipedia

(https://en.wikipedia.org/wiki/Main_Page) have been addressed to search for various documents on
education digitalisation. To map the findings, a content analysis method has been applied, with
which the documents/papers were read to select keywords linked to digitalisation of a) education;
b) higher education; c) doctoral students’ education. Analysis, synthesis, generalization,
systematization, comparison of the research findings have made it possible to develop the authors’
vision of the DT&S that meet the specifics of doctoral education.
The survey on the doctoral students’ usage of digital tools and services during their research
was conducted during May-June 2021. The target group comprised 35 doctoral students of the 1st –
2nd years and 19 doctoral students of the 3rd – 4th years of the Borys Grinchenko Kyiv University
(Kyiv, Ukraine), Alfred Nobel University (Dnipro, Ukraine), Donbass Pedagogical University
(Slavyansk, Ukraine) and Pavlo Tychyna Uman Pedagogical University (Uman, Ukraine). The
Google form questionnaire was used for data collection. Conducting the survey at several
universities made it possible to identify common characteristics of the DT&S use of by doctoral
students under COVID-19 in Ukraine.
The data derived from the survey have been analysed to explore the peculiarities of DT&S
application by doctoral students. The survey instrument delved into the following domains:
doctoral students’ attitude towards the use of DT&S at different stages of the dissertation research;
experience of doctoral students to apply DT&S for implementing the dissertation research; factors
that inhibit the use of DT&S for the research; DT&S proficiency level of doctoral students during
dissertation research; prospects to improve the efficiency of DT&S use while doing dissertation
research.
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4. Findings
4.1. The authors’ vision on the DT&S application by doctoral students during dissertation
research
Under COVID-19 pandemic, the use of DT&S s becomes a necessity for the doctoral
research. At the same time, such research has its own specifics, to the key features to which we
referrer the phasing character of doctoral research (that traditionally covers elaboration of the
theoretical basis; generalization of the theoretical research results; designing and doing an
experiment; statistical processing of experimental results; preparation and publication of research
articles on the research findings; etc.); the sufficient level of digital skills of most doctoral students;
prevalence of the independent format of doctoral students’ work during writing dissertation.
Therefore, it is important to select DT&S corresponding to such specifics, the number and variety
of which is very large. In the study the following criteria were developed to select such resources:
the compliance with the specifics of the dissertation research; providing a researcher with an
opportunity to conduct research at all stages (search for publications, compiling bibliography, doing
experiment, statistical processing of quantitative data, etc.), matching with the level of digital skills
of doctoral students, the possibility of application on most digital devices. According to the criteria,
DT&S were grouped into clusters.
Electronic search and usage of information. During the writing of the theoretical part of the
dissertation it is necessary to search for and analyse the scientific works of scholars who conduct
research in the area relating of the doctoral student’s dissertation. Electronic search and use of
available information from the specialized electronic libraries, institutional repositories and online
databases can significantly reduce time. As a result, a large amount of data is accumulated that need
to be stored and processed correctly. The bibliographic managers, i.e. programs or online services
for bibliography management are the most valid to facilitate such activities. Examples of such
resources are BibMe (www.bibme.org), ClassTools.net (www.classtools.net), Writinghous
(www.writinghouse.org),

Makecitation

(www.makecitation.com/index.php),

EndNote

(https://endnote.com), Zotero (www.zotero.org), Diigo (www.diigo.com), etc. Diigo is one of the
simplest and the most effective one for these purposes. For correct and convenient work with this
online service it is necessary to make the eponymous application to the browser in which the
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researcher works, and to register on a resource. Next, viewing the materials of articles, books,
images from various sources, you need to click on the appropriate icon of the application in the
upper right corner of the browser, fill in the appropriate fields (title; search keywords; section of the
study to which this material belongs; if necessary, specify a group for collective processing of the
specified material) and click Save. As a result, a link to the Diigo will be added to the specified
section or group (Fig. 1).

Figure 1 Page viewing materials to a specific section on the Diigo resource
Source: Own work

The advantages of the bibliographic manager Diigo include:
• Ability to save links to various sources: web pages, images, pdf-files;
• Ability to group sources by a certain criterion;
• Possibility of creating groups and further study of the sources of the group as a researcher
and his supervisor (scientific consultant);
• There is an option to add handwritten annotations and notes to each added source;
• Simple and user-friendly interface;
• Lack of unnecessary advertising that distracts from work.
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The disadvantages include the following: lack of support for languages other than English; in
the free package there are restrictions on working in only three groups and adding links of certain
types, etc.
Research design and preparation. During the design and preparation of a dissertation research
or scientific article, it is often necessary to present the material in a concise schematic form or in
the form of an image. To do this, text editors have the appropriate graphics tools (for example,
SmartArt in a Microsoft Word word processor), but they have limited functionality and do not
always allow the researcher to present the material in the appropriate form. Therefore, it is
advisable to use elements of infographics and tools for the development of mental/knowledge maps
for the design of schemes, certain algorithms or generalizing images.
Information graphics or infographics are graphical visual representations of information, data,
or knowledge designed to display complex information quickly and clearly (Infographics).
Infographics creation services have a number of advantages: clarity of the interface and simplicity
of work; a large number of ready-made templates to fill in your own data; the ability to use both
static and animated elements; presentation of various types of data (analytical; description of a
certain event or algorithm of actions; presentation of data chronologically, etc.); the result of the
work is stored in the form of an image that is easy to place in a dissertation or scientific article. The
algorithm for developing infographics is quite simple: choose a resource and register for it; among
the proposed templates to choose the most appropriate for the purpose of creating such an image;
highlighting any blocks in the template, they can be edited or formatted to your liking; save the
received image with data on the resource (it will be possible to always return and edit something if
necessary); add the finished image to the dissertation. The resources for creating infographics we
propose are Piktochart
(https://visual.ly),

(https://piktochart.com),

Google

Charts

Сreately (https://creately.com),

(https://developers.google.com/chart),

Visual.ly
Easel.ly

(https://www.easel.ly), Сacoo (https://cacoo.com), etc.
A mind map or knowledge map is a diagram that displays words, ideas, tasks, or other
elements radially around the main word or idea (Mind map). An example of a knowledge map is
given in Fig. 2.
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Figure 2 Example of a knowledge map of the structure of the discipline, developed on the resource Mindomo
Source: Own work

The most popular services for developing mental maps are Coogle (https://coggle.it),
MindMeister

(https://www.mindmeister.com),

Mindomo

(www.mindomo.com),

BubblUs

(https://bubbl.us) and others. Some researchers attribute mental maps to infographics, but this, in
our opinion, is not entirely correct. A mental map allows a researcher to focus on certain keywords
or theses, while infographics allow visualizing the idea in general. The advantages of using
knowledge maps when writing a dissertation or scientific article include:
• Simple and user-friendly interface;
• Quick and complete overview of a large topic (areas, problems, topics);
• Ability to use multimedia objects and links to other online resources;
• Collect and present a large amount of different data on one sheet, showing the links and
distances;
• Save time;
• Stimulate imagination and problem solving by developing new ways, etc.
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Doing a pedagogical experiment. A pedagogical experiment to confirm the effectiveness of
the proposed ideas with quantitative and qualitative data is an important part of a dissertation. To
do this, the doctoral student is to develop appropriate tools for obtaining statistical data and conduct
an appropriate analysis of the results obtained according to relevant statistical criteria. It is
advisable to use various online services to develop a questionnaire/test. Such services available on
the

Internet

include

Google

Form

(www.google.com/intl/ru_ua/forms),

Kahoot!

(https://create.kahoot.it), MyTest (http://mytest.klyaksa.net), Quizlet (https://quizlet.com) and
others. The online service Google Form is especially popular among scholars in Ukraine due to the
possibility to develop a single questionnaire for different categories of survey participants. To do
this, a researcher needs to develop separate sections for different groups of respondents, and then in
the first question to set the triggers-transitions to the appropriate section (Fig. 3).

Figure 3. Example of a trigger question in the Google Form service
Source: Own work

In addition, the advantages of this resource include:
• Free of charge;
• Ease of operation and clarity of the interface;

Khoruzha et al. (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 87-112. https://doi.org/10.4995/muse.2022.16768
98

Multidisciplinary Journal for Education
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16768
e-ISSN: 2341-2593

• Availability of various questions and support for multimedia content;
• Viewing the answers received both on the site in the form of tables and diagrams, and the
ability to export data to a spreadsheet for further processing;
• Joint work in the development of questionnaires and questionnaires, etc.
According to the requirements to dissertation research the obtained findings of the
ascertaining and formative stages of the pedagogical experiment should be analysed, applying
certain statistical criteria in accordance with the chosen scale of data presentation. The Pearson or
Kolmogorov-Smirnov criteria are recommended if the results of the study are presented in an
interval school, and the Student's or Mann-Whitney criteria when using a relative scale. To do this,
we consider the specialized data processing software, such as SPSS Statistics, Statistica, StatPlus or
MS Excel spreadsheet to be the most efficient for this. Statistica, developed by StatSoft implements
procedures for data analysis, data management, data acquisition and visualization (Fig. 4).

Figure 4 Example of a trigger question in the Google Form service
Source: Own work
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The main features of the program are:


contains a complete set of classical methods of data analysis: from basic methods of
statistics to progressive methods, which allows flexible organization of analysis;



is a means of building applications in specific areas;



the set of software includes specially selected examples that allow you to systematically
master the methods of analysis;



meets all Windows standards, which allows you to make the analysis highly interactive;



the system can be integrated into the Internet;



supports web-formats: HTML, JPEG, PNG;



easy to learn, and as practice shows, users from all applications quickly learn the system;



Statistica system data is easily converted into various databases and spreadsheets;



supports high-quality graphics, which allows you to effectively visualize data and perform
graphical analysis;



is an open system: contains programming languages that allow you to extend the system,
run it from other Windows applications, such as Excel.

In addition, free online resources are available to perform statistical evaluation of data. For
example, on the website PSYCHOL-OK (www.psychol-ok.ru/lib/statistics.html) a researcher can
perform calculations according to any of the above criteria. However, it should be noted that the
available online resources for the analysis of the obtained research data reflect only the final results
and conclusions of their analysis, but do not demonstrate intermediate calculations and do not
guarantee the correctness of the calculation. Therefore, these tools should be used as an auxiliary
tool to verify the correctness of the calculation by the researcher. Examples of other online services
for statistical analysis are Social Science Statistics (https://www.socscistatistics.com/tests),
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Statistics Kingdom (https://www.statskingdom.com), DATAtab (https://datatab.net/statisticscalculator/descriptive-statistics) and others.
Thus, under digitalization and COVID-19 pandemic, the use of DT&S becomes a prerequisite
for the preparation of the dissertation. Today, digital resources are widely available meeting the
objectives of each stage of the dissertation research. Using them in complex saves time and
increases the validity of the research findings. At the same time, the motivation of the doctoral
students, the level of their digital skills is the key condition for this. The availability of technical
conditions (computer or mobile devices, speed of Internet connection) is equally important. In
order to study these aspects, a survey on doctoral students’ attitude towards the use of DT&S has
been conducted.
4.2. The doctoral students’ attitude towards the DT&S application to do dissertation research
A total of 35 doctoral students of the 1st – 2nd years and 19 doctoral students of the 3rd – 4th
years were interviewed on their attitude towards the use of DT&S at different stages of the
dissertation research:
• Elaboration of the theoretical basis of the dissertation research (Stage 1 in the Table 1);
• Substantiation and development of author’s know-how (pedagogical conditions,
technologies, systems, forms and methods, etc.) (Stage 2 in the Table 1);
• Designing and doing an experiment (Stage 3 in the Table 1);
• Statistical processing of experimental results (Stage 4 in the Table 1);
• Generalisation of the theoretical research results (Stage 5 in the Table 1);
• Writing and publication of research articles on the research findings (Stage 6 in the Table
1);
• Approbation of research results through participation in conferences, seminars (Stage 7 in
the Table 1);
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• Dissertation testing for compliance with scientific ethics (Stage 8 in the Table 1);
• Pre-defence and defence of the dissertation (Stage 9 in the Table 1).
Among the possible answers: “important”, “rather important”, “rather unimportant”,
“unimportant”, the vast majority of graduate students chose the first two (Table 1).

Table 1 The attitude of doctoral students to the usage of DT&S at different stages of the dissertation research
Stage of
dissertation
research

1.
2.
3.
4.
5.
6.
7.
8.
9.

PhD students of the 1st – 2nd years
Answer options
Importa Rather
Rather
Unimpor
nt
importan unimpor tant
t
tant
30
4
1
24
10
1
21
10
2
1
29
3
2
1
22
11
1
1
24
9
1
1
24
9
1
1
24
8
2
1
21
11
2
1

PhD students of the 3rd – 4th years
Answer options
Importa
Rather
Rather
Unimpor
nt
importan unimpor tant
t
tant
15
4
16
17
15
16
14
18
15

3
1
2
3
5
1
3

1
2

1

Table 1 shows that doctoral students of the 3rd – 4th years are more supportive of the DT&S
application while among 1st – 2nd years students there are many who are hesitant and have chosen
the answers “rather important” and “rather unimportant”. We attribute this to the fact that the 3rd –
4th years doctoral students have completed the educational component of the doctoral education
that contains the “ICT in modern research” discipline. This shaped their vision on the importance
of DT&S for the research, developing necessary digital skills.
Noteworthy is the fact that the 1st – 2nd year doctoral students differently assess the importance
of the DT&S application at different stages of their dissertation research. The respondents believe
that DT&S should be primarily applied at the stages of elaboration of the theoretical basis of the
dissertation research (86% of respondents) and statistical processing of experimental results (83%).
The use of such resources at the stages of generalisation of theoretical research findings (63%),
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designing and doing an experiment, pre-defense and defense of the dissertation (60%) is viewed as
the least important.
The next question concerned the students’ experience of using DT&S for doing dissertation
research (table 2). The following resource groups were proposed for the evaluation:
• Resources for visualization (Visme, Power BI, Easel.ly, Google Charts, Piktochart,
Venngage, Canva, Mentimeter, etc.) (1 in the Table 2);
• Resources for doing an experiment/conducting survey, etc (Google Forms, Classtime,
Mentimeter, Kahoot !, Poll Everywhere, EDpuzzle, ClassMaker, Online test pad, Triventy,
QUIZIZZ, etc.) (2 in the Table 2);
• Resources for searching publications (repositories, libraries, Google Academy, etc.) (3 in
the Table 2);
• Resources for bibliography design (bibliographic managers) (BibMe, ClassTools.net,
BibTeX, EndNote, Zotero, etc.) (4 in the Table 2);
• Resources for statistical processing of quantitative data (Microsoft Excel, SPSS,
MathCAD, Statistica, etc.) (5 in the Table 2.).

Table 2 Doctoral students experience of using DT&S for doing dissertation research
Resources

1st – 2nd years PhD students
Answer options
Yes
Partial
No

3rd – 4th years PhD students
Answer options
Yes
Partial
No

1
2
3
4
5

14
20
27
14
17

9
10
16
12
13

12
14
8
18
17

9
1
3
1

8
9
3
5
5

2

2
1

Table 2 shows that the resources for searching publications (repositories, libraries, Google
Academy, etc.) have been named as the most used. This is affirmatively indicated by 77% and 84%
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of doctoral students of the 1st – 2nd and 3rd – 4th years, respectively. The resources for doing an
experiment/conducting survey and for the statistical processing of quantitative data have been also
named by doctoral students as being actively used.
In order to develop recommendations for improving the quality of the DT&S application for
doing the dissertation research, it was important to identify the factors that inhibit this process
(Table 3).

Table 3 Factors that inhibit the process of DT&S application while doing dissertation research
Factors

Reluctance, passivity of
doctoral students
Reluctance, passivity of
scientific advisors
Unsatisfactory technical
capabilities (low speed
Internet connection, limited
computer or mobile devices)
Insufficient knowledge of
doctoral students about the
usage of computer programs
and online services
Lack of time to use DT&S
The workload of the doctoral
training programme

1-2 years PhD
students
Number of
answers
12

Ranks

Ranks

3

3-4 years PhD
students
Number of
answers
11

2

6

4

4-6

21

1

8

3

19

2

9

2

9
9

4-5
4-5

4
4

4-6
4-6

1

Table 3 shows that doctoral students of the 1st – 2nd and 3rd – 4th years identify the factors
inhibiting the use of DT&S differently. The 1st – 2nd years doctoral students rank unsatisfactory
technical capabilities and insufficient level of digital skills to use DT&S as the most significant
factors. The reluctance/passivity of the doctoral students is the most significant factor for the 3rd –
4th years doctoral students. Insufficient level of digital skills to use DT&S ranks the second place in
their answers. The reluctance, passivity of scientific advisors; lack of time to use DT&S and the
workload of the doctoral training program are ranked as insignificant.
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Table 4 shows how doctoral students assess the level of their own digital competence for the
implementation of dissertation research (1 – very low, ..., 5 – very high).

Table 4 Self-assessment of the level of own digital competence for realization of dissertation research
Level

PhD students of
1st – 2nd years
Number of
answers
5
12
15
2
1

5
4
3
2
1

PhD students of
3rd – 4th years
Number of
answers
3
13
3
-

Besides, the respondents were asked to assess their level of digital competence in
accordance with the levels of the Corporate Standard of Digital Competence of Educators of Borys
Grinchenko Kyiv University (Borys Grinchenko Kyiv University, 2021) (Table 5).
Table 5 Corporate Standard of Digital Competence of Educators of Borys Grinchenko Kyiv University
Levels
А

В1

В2

Level description
Mandatory
Perform a simple search in scientometric databases, repositories, etc; analyse
and systematize information related to the research topic; critically evaluate
online resources. Collect and analyse statistics using digital tools from the
content of the study. Usage digital tools to test the uniqueness of research
texts. Format, layout scientific publications according to the requirements of
the publication. Update your own scientist profiles.
Sufficient
Carry out an advanced search and use data from scientometric databases in
accordance with the problem of scientific research. Collect, analyse and
interpret statistics using digital tools from the content of the study. Format,
layout publications (including templates) using cross-references to sources
and bibliographic managers. Disseminate scientific ideas and research results
through profiles in scientific social networks.
Create and use databases with research materials. Collect statistics and use
digital tools (software applications, online calculators, etc.) for scientific
statistical data analysis. Analyse trends in digital tools and predict their use for
research. Carry out expert assessments using digital tools, provide opinions on
research activities. Systematically use digital tools to disseminate research
results (web publications, blogs, vlogs, posts in the international community,
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etc.).
С1

С2

High
Involve colleagues in collaboration in the database of research materials that
the team is working on. Adapt digital science spaces to share experiences
(conferences, science schools, etc.). Experiment with the introduction of new
digital tools in research and involve colleagues. Use innovative formats for the
organization and implementation of collective research and project activities.
Manage research activities using digital tools. Develop digital scientific
spaces for the exchange of experience (conferences, scientific schools,
training programs, etc.). Adapt / develop and implement innovative digital
research tools. Coordinate research in research projects using digital tools.
Organize and manage research teams with coverage of their research through
a variety of digital tools.

The Corporate Standard of Digital Competence of Educators of Borys Grinchenko Kyiv
University developed and adopted within 2020 – 2022 Borys Grinchenko Kyiv University Concept
of Digitalization (Borys Grinchenko Kyiv University. 2020) is aimed at increasing the level of
digital competence of educators and thus enhancing the quality of education under COVID-19
pandemic. It defines mandatory (A), sufficient (B1, B2) and high (C1, C2) levels of digital
competence. As a result of the survey, it was found that the majority of the 1st – 2nd year doctoral
students assess themselves at the level of B2 and C1 (77% of the respondents), the 3rd – 4th year
students – mostly at the C1 level (68%).
The last question of the survey concerned the suggestions for the improvement of the
efficiency of the DT&S usage for doing dissertation research. The following suggestions were
received:


organization of scientific and methodical events (seminars, master classes, doctoral
schools, etc.) for doctoral students on the usage of DT&S (36 respondents);



development of teaching materials on the usage of DT&S (33 respondents);



updating the content of the academic disciplines of PhD training to open opportunities
for the DT&S usage to do dissertation research (25 respondents);



organization of scientific and methodical events (seminars, master classes, etc.) for
scientific supervisors on the usage of DT&S (11 respondents).

The findings of our research answer the research questions:
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Research question 1. What types of DT&S correspond to the specifics of doctoral research?
In the paper the specifics of doctoral education has been substantiated, the key features of which
include: the phasing character of doctoral research; the sufficient level of digital skills of most
doctoral students; prevalence of the independent format of doctoral students’ work during writing
dissertation. The following criteria have been developed for the DT&S selection: the compliance
with the specifics of the dissertation research; providing a researcher with an opportunity to
conduct research at all stages (search for publications, compiling bibliography, doing experiment,
statistical processing of quantitative data, etc.), matching with the level of digital skills of doctoral
students, the possibility of application on most digital devices. Based on the selected criteria the
groups of DT&S for application at different stages of a dissertation research have been defined:
resources for visualization (Visme, Power BI, Easel.ly, Google Charts, Piktochart, Venngage,
Canva, Mentimeter, etc.), resources for doing experiment/conducting survey (Google Forms,
Classtime, Mentimeter, Kahoot !, Poll Everywhere, EDpuzzle, ClassMaker, Online test pad,
Triventy, QUIZIZZ, etc.), resources for searching publications (repositories, libraries, Google
Academy,

etc.),

resources

for

bibliography

design (bibliographic

managers)

(BibMe,

ClassTools.net, BibTeX, EndNote, Zotero, etc.), resources for statistical processing of quantitative
data (Microsoft Excel, SPSS, MathCAD, Statistica, etc.). The defined groups of the resources in
complex form a digital package of methodological support for doctoral students’ training.
Research question 2. What DT&S do doctoral students use at different stages of their
research? The resources for searching publications (repositories, libraries, Google Academy, etc.)
have been named by the doctoral students as the most popular. Resources for doing an
experiment/conducting survey (Google Forms, Classtime, Mentimeter, Kahoot !, Poll Everywhere,
EDpuzzle, ClassMaker, Online test pad, Triventy, QUIZIZZ, etc.) are also received the highest
number of points from the responders. Resources for statistical processing of quantitative data
(Microsoft Excel, SPSS, MathCAD, Statistica, etc.) took the third place. At the same time, the
resources for visualization (Visme, Power BI, Easel.ly, Google Charts, Piktochart, Venngage,
Canva, Mentimeter, etc.) and resources for bibliography design (bibliographic managers) (BibMe,
ClassTools.net, BibTeX, EndNote, Zotero, etc.) are the least used by doctoral students according to
their responses. Summarizing the answers we can conclude that doctoral students do not take full
advantage of the innovative potential of DT&S (resources for visualization, for bibliography
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design, etc.) when writing a dissertation. Besides, there is almost no difference in the use of DT&S
by doctoral students of the 1st – 2nd and 3rd – 4th years. This shows that doctoral students do not
improve their digital competence during their doctoral studies.
Research Question 3. What factors inhibit doctoral student to apply DT&S while doing
dissertation research? It is clear that unsatisfactory technical capabilities (low speed Internet
connection, limited computer or mobile devices) factor has an organizational and technical nature.
Given this, creating a modern digital environment for doctoral students is an important task for
universities. At the same time, insufficient knowledge/skills of doctoral students to use DT&S
factor that ranks the 2nd place among answers allows us to draw a conclusion about the need for the
targeted digital courses /programmes for the doctoral students.
Limitation of the study and areas of further research. The sample of the target group
(doctoral students) is not representative. The inhibiting factors and proposals to improve the
efficiency of the usage of DT&S for doing dissertation research reflect the common position of the
doctoral students of all universities (Borys Grinchenko Kyiv University (Kyiv, Ukraine). Alfred
Nobel University (Dnipro, Ukraine), Donbass State Pedagogical University (Slavyansk, Ukraine)
and Pavlo Tychyna Uman State Pedagogical University (Uman, Ukraine). The article does not
highlight differences in the answers of the respondents between universities.
The above limitations can be considered as areas of the further research. A comparative
analysis of the use of DT&S by doctoral students of both classical (Borys Grinchenko Kyiv
University (Kyiv, Ukraine). Alfred Nobel University (Dnipro, Ukraine)) and pedagogical
universities (Donbass State Pedagogical University (Slavyansk, Ukraine) and Pavlo Tychyna Uman
State Pedagogical University (Uman, Ukraine)) is promising.

5. Conclusion and Recommendations
Under conditions of the European vector of Ukraine’s development, the education in Ukraine
is being integrated into the European educational and research areas. The doctoral education is one
of such areas of integration. The priority of digital education in the EU countries, especially in the
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context of the COVID-19 pandemic (European Commission, 2020) highlights the task of
restructuring the doctoral education system in Ukraine towards its dynamic digitalization. The
digitization should be comprehensive and systematic. Systematization should include technical,
organizational, motivational and developmental components aimed at synergy of institutions,
doctoral students and supervisors. The technical and organizational components include the
creation of a digital environment by universities, as only 86.9% of the population in the cities and
69.8% in villages has access to the fixed broadband Internet at home in Ukraine (Ministry of
Digital Transformation of Ukraine, 2019). This is the Internet that doctoral students need in the
process of using the DT&S.
The personal digital development of the doctoral students is no less important. Such
development should be constant, as digitalization is a dynamic process. Equally important is the
formation of his / her motivation for such development.
The complexity should include both the digitization of the training component and
independent work of the doctoral students while writing a dissertation.
Based on the findings of our study the following groups of DT&S for application at different
stages of a dissertation research are recommended: resources for visualization (Visme, Power BI,
Easel.ly, Google Charts, Piktochart, Venngage, Canva, Mentimeter, etc.), resources for doing
experiment/conducting survey (Google Forms, Classtime, Mentimeter, Kahoot !, Poll Everywhere,
EDpuzzle, ClassMaker, Online test pad, Triventy, QUIZIZZ, etc.), resources for searching
publications (repositories, libraries, Google Academy, etc.), resources for bibliography design
(bibliographic managers) (BibMe, ClassTools.net, BibTeX, EndNote, Zotero, etc.), resources for
statistical processing of quantitative data (Microsoft Excel, SPSS, MathCAD, Statistica, etc.). The
defined groups of the resources in complex form a digital package of the methodological support
for the doctoral students’ independent work in the process of writing a dissertation. Such a package
is recommended for the inclusion into the doctoral students’ training curriculum both in the format
of a separate course and by integration into the syllabi of other disciplines.
At the same time, according to the findings of the survey, the doctoral students highly
appreciate the effectiveness of the targeted scientific/methodical events (seminars, master classes,
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doctoral schools, etc.) providing knowledge and skills on DT&S application. This has already been
confirmed by the experience of Borys Grinchenko Kyiv University, which annually holds the
Winter School for Doctoral Students as part of which the targeted classes on DT&S application are
held.
Author Contributions: The paper is co-authored by Lyudmyla Khoruzha (L.K.), Olena Lokshyna (O.L),
Nataliia Mazur (N.M.) and Volodymyr Proshkin (V.P.). Conceptualization, L.K. and O.L.; methodology,
L.K. and O.L.; software, V.P.; validation, N.M. and V.P.; resources, N.M.; data curation, N.M.; writing
original draft preparation, L.K., V.P., N.M.; writing review and editing, O.L.; supervision, L.K. All
authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
European Commission. (2021). Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions 2030 Digital
Compass: the European way for the Digital Decade. https://eur-lex.europa.eu/legalcontent/en/TXT/?uri=CELEX:52021DC0118
Vuorikari, R., Punie, Y., Carretero Gomez S., Van den Brande, G. (2016). DigComp 2.0: The Digital
Competence Framework for Citizens. Update Phase 1: The Conceptual Reference Model. Joint
Research Centre (European Commission). https://doi.org/10.2791/11517
European Commission. (2017). DigComp 2.1: The digital competence framework for citizens with eight
proficiency
levels
and
examples
of
use.
https://op.europa.eu/en/publication-detail//publication/3c5e7879-308f-11e7-9412-01aa75ed71a1/language-en
European Commission. (2020). Digital Education Action Plan 2021-2027. Resetting education and training
for the digital age. https://ec.europa.eu/education/sites/default/files/document-library-docs/deapcommunication-sept2020_en.pdf
European Commission. (2020a). Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions on achieving
the
European
Education
Area
by
2025.
https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX:52020DC0625
European Commission. (2017a). Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of the Regions on a
renewed
EU
agenda
for
higher
education.
https://eur-lex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A52017DC0247
Bologna Seminar on “Doctoral Programmes for the European Knowledge Society” (2005, 3-5 February,
Salzburg).
Conclusions
and
Recommendations.
EUA.
https://eua.eu/downloads/publications/salzburg%20recommendations%202005.pdf

Khoruzha et al. (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 87-112. https://doi.org/10.4995/muse.2022.16768
110

Multidisciplinary Journal for Education
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16768
e-ISSN: 2341-2593

European University Association. (2010). Salzburg II Recommendations. European universities achievements
since
2005
in
implementing
the
Salzburg
Principles.
EUA.
https://eua.eu/downloads/publications/salzburg%20ii%20recommendations%202010.pdf
Randall, L., Berlina, A., Teräs, J., & Rinne, T. (2018). Digitalisation as a tool for sustainable Nordic regional
development.
Nordregio.
http://www.nordregio.org/wpcontent/uploads/2017/04/Digitalisation_Discussion-Paper_Jan-31.pdf
Van Veldhoven, Z., & Vanthienen, J. (2019). Designing a Comprehensive Understanding of Digital
Transformation and its Impact. In A. Pucihar et al. (Eds.), 32nd Bled eConference Humanizing
Technology for a Sustainable Society (pp. 745 –763). University of Maribor Press.
https://doi.org/10.18690/978-961-286-280-0.39
Girón García, Carolina Navarro Ferrando, Ignasi (2014). Digital Literacy and Metaphorical Models.
Multidisciplinary Journal for Education, Social and Technological Sciences, 1(2), p. 160-180.
https://doi.org/10.4995/muse.2014.2991
Araújo-Vila, N., Cardoso L., Toubes D.R. & Fraiz-Brea J.A. (2020). Digital Competence in Spanish
University
Education
and
Its
Use
by
Students.
Publications,
8(4),
47.
https://doi.org/10.3390/publications8040047
Sales, D., Cuevas-Cerveró, A. y Gómez-Hernández, J.-A. (2020). Perspectives on the information and digital
competence of Social Sciences students and faculty before and during lockdown due to Covid-19.
Profesional de la Información, 29(4). https://doi.org/10.3145/epi.2020.jul.23
Khoruzha L., Proshkin V., & Hlushak, O. (2020). High school teachers’ competence development by means
of digital technologies. Information Technologies and Learning Tools, (4), 298–314.
Awan, R.H., Afshan, G., & Memon, A.B. (2021) Adoption of E-Learning at Higher Education Institutions: A
Systematic Literature Review. Multidisciplinary Journal for Education, Social and Technological
Sciences, [S.l.], 8(2), 74 –91. https://doi.org/10.4995/muse.2021.15813
Erdmann, A., Presedo, A.E., & Valdes, M.D. (2021) Digital Transformation of Universities: The Influence of
COVID-19 and Students’ Perception. Multidisciplinary Journal for Education, Social and
Technological Sciences, [S.l.], 8(2), 19–41. https://doi.org/10.4995/muse.2021.16007
Sanchez-Macias, A., & Veytia-Bucheli, M.G. (2019). Digital competences in PhD students. A study in two
Mexican universities. Revista Academia y Virtualidad, 12. https://doi.org/10.18359/ravi.3618
Sim, K. N. (2016). An investigation into the way PhD students utilise ICT to support their doctoral research
process [Doctoral Thesis, University of Otago Dunedin]. http://hdl.handle.net/10523/6263
Batool, U., Dahar, M.A., & Akhtar, S. (2021). Impact of Utilization of ICT on the Performance of Research
Students in the Public Sector Universities of Rawalpindi and Islamabad. Sir Syed Journal of Education
& Social Research, Vol. 4, No 2, April – June 2021 (Spring). https://doi.org/10.36902/sjesr-vol4-iss22021(147-159)
Eurodoc. (2020, July 6). The aftermath of the pandemic for early career researchers in Europe. Retrieved
November 24, 2021, http://eurodoc.net/news/2020/the-aftermath-of-the-pandemic-for-early-careerresearchers-in-europe
Persky, A. M., Fuller, K. A., Jarstfer, M., Rao, K., Rodgers, Jo E. and Smith, M. (2020). Maintaining Core
Values in Postgraduate Programs During the COVID-19 Pandemic. American Journal of
Pharmaceutical Education, 84(6). https://doi.org/10.5688/ajpe8158

Khoruzha et al. (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 87-112. https://doi.org/10.4995/muse.2022.16768
111

Multidisciplinary Journal for Education
Social and Technological Sciences

https://doi.org/10.4995/muse.2022.16768
e-ISSN: 2341-2593

Varadarajan, J., Brown, A. M. & Chalkley, R. (2021). Biomedical graduate student experiences during the
COVID-19
university
closure.
PLoS
ONE
16(9):
e0256687.
https://doi.org/10.1371/journal.pone.0256687
Lambrechts, A & Smith, K. (2020). Impact of the COVID- 19 Pandemic Crisis on Doctoral Researchers in
the UK. The University of York. https://eprints.whiterose.ac.uk/168633/
Börgeson, E., Sotak, M., Kraft, J. et al. (2021). Challenges in PhD education due to COVID-19 – disrupted
supervision or business as usual: a cross-sectional survey of Swedish biomedical sciences graduate
students. BMC Med Educ 21, 294. https://doi.org/10.1186/s12909-021-02727-3
Marakovits, S. J. (2021). Four Barriers to Facilitating 21st Century Competencies Through Digitalization.
https://doi.org/10.4018/978-1-7998-6967-2.ch006
Infographics. (2021, 2 September). In Wikipedia. https://en.wikipedia.org/wiki/Infographic
Mind map. (2021, 14 September). In Wikipedia. https://en.wikipedia.org/wiki/Mind_map
Borys Hrinchenko Kyiv University. (2020). The concept of digitalization of Borys Hrinchenko Kyiv
University
for
2020
–
2022.
https://kubg.edu.ua/images/stories/Departaments/vdd/documenty/rozdil_7/concept_digital-20.pdf
Borys Grinchenko Kyiv University. (2021). Corporate Standard of Digital Competence of Educators.
https://kubg.edu.ua/images/stories/Departaments/vdd/nakaz__421_11.06.21.pdf
Ukraine. Ministry of Digital Transformation of Ukraine. (2019). Digital literacy of the population of Ukraine.
https://osvita.diia.gov.ua/uploads/0/585-cifrova_gramotnist_naselenna_ukraini_2019_compressed.pdf

Khoruzha et al. (2022)
Mult. J. Edu. Soc & Tec. Sci. (2022), 9(1), 87-112. https://doi.org/10.4995/muse.2022.16768
112

