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Abstract: The design of a guided research project using an educational scenario based on a
visual programming environment using smart mobile devices (smartphone, tablet) aimed at
creating a digital shadow play performance. It was implemented in a classroom environment
as part of the festive activities of the 4th Primary School of Nea Ionia Volos “Panagiotis
Katsirelos” to celebrate the 200 years since the Greek Revolution. Moreover, the digital work
that emerged was presented at the 10th Digital Creation Festival (Volos, Magnesia junction).
The guided research project was approached interdisciplinary with the collaboration of teachers
of Informatics, Theatrical Education, and general education teachers. The educational scenario
was addressed to the 6th-grade primary school students. The students were already familiar
with internet applications, ICT tools, and Scratch, a visual programming environment. The
students used three smart mobile devices to create the final digital artifact with Scratch’s visual
programming environment due to special learning conditions caused by the Covid-19 pandemic.

Keywords: guided research project, mobile learning, shadow play, folk culture, visual pro-
gramming

1 Introduction
In this extraordinary crisis environment caused by COVID-19, almost all sovereign national

governments took strict measures to prevent the virus’s rapid spread and reduce the number
of casualties in terms of infections and loss of life. Following the COVID-19 outbreak, the
traditional classroom approach where face-to-face learning occurs was rapidly replaced by
virtual classrooms. In this new classroom setting, teachers were urgently asked to adapt
to online methods of teaching. During this period, both students and teachers experienced
significant levels of uncertainty about how and what to teach (Karakose et al., 2021a). The
changes in teaching methods and the lack of established guidelines for these new teaching
practices have further increased this uncertainty. Educators had to adapt to online teaching
methods at all schooling levels and transform teaching materials for the new online space to
ensure students could continue learning during the pandemic. In addition, both teachers and
students had to learn how to use the various forms of online software used in distance education
(Karakose et al., 2021b).

The primary purpose of this educational scenario was to implement a digital shadow play
performance following a guided research project. For this reason, the participant searched
for information on the internet, viewed relevant videos, and used software to create the text
and graphics of the gameplay. The guided research project was implemented using the visual
programming software Scratch and smart mobile devices. Scratch, unlike general-purpose
programming languages, offers a student-friendly programming environment without code
writing being required. Thus, the “drag and drop” method provides a limited set of instructions in
the form of blocks so that students can experiment, program, and eventually create their projects.
The students sought information about a hero of the 1821 revolution and a hero of shadow play
following the educational scenario activities. After assembling the required information, they
created equivalent dialogues for these heroes. They then searched the internet again for details
on shadow play figures related to their chosen heroes. This was necessary to introduce these
heroes as costumes in Scratch’s visual programming environment and accordingly program
each figure to move and speak following each student group scenario.
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2 Learning programming through mobile devices
Consequently, using programming to teach Computational Thinking (CT) and coding skills

is common in postgraduate and continuing education (Minchillo et al., 2018). New curricula
around the globe point to the need to improve digital literacy, CT, and programming (or coding),
to support a generation of children who will build the future of civilized countries (Falkner,
2015). This shift has prompted an uptake in pedagogies and frameworks in the education
systems worldwide (Papadakis & Kalogiannakis, 2019; Papadakis & Kalogiannakis, 2020).
Coding and CT can often meet difficulties to fit into a formal early childhood program. At
the same time, some educators are discouraged from teaching young learners how to code for
various reasons, such as the lack of prior training or studies and/or extensive experience with
coding (Herdzina, 2018). For that reason, learning initiatives to foster computational literacy
are now actively being developed, such as the ‘hour of code’ in the United States and the ‘code
week’ in the European Union (Strawhacker et al., 2018).

Furthermore, several computational tools and kits are available to help younger children
with different coding backgrounds or expertise. These tools grasp essential coding elements
through interactive games and activities (Dorouka et al., 2021; Kyriakides et al., 2016). Digital
applications or apps for smart mobile devices that teach young children coding skills and CT
concepts with game-like activities have recently gained significant interest (Sheehan et al., 2019).
Research has shown that developmentally appropriate tools offer interactions and collaborative
learning (Vaiopoulou et al., 2021; McLennan, 2017). At the same time, through playful ways,
encourage children to explore coding (Tzagkaraki et al., 2021). Many children use smart screen
devices and apps at increasing rates, while many apps are already advertised as ‘educationally
valuable’ (Schroeder & Kirkorian, 2016). Thus, it is critical to identify and evaluate whether
and how these apps are designed to maximize educational benefits.

It is well established that young children spend a substantial amount of time with touchscreens
devices. They can handle these devices as young as 18 months old, often before reading.
Touchscreen technology has reduced the children’s need to perform tasks with a computer,
which was challenging for young children with limited fine motor skills. Furthermore, object-
oriented, “drag and drop” apps have removed much of the code development complexity
inherent in traditional text programming languages. As a result, they engage teachers and
students in purposeful activities and conversations and help students better understand CT
concepts. Findings prove that coding apps may be an ideal tool to introduce young children to
coding activities even before entering formal schooling (Sheehan et al., 2019; Sullivan et al.,
2017). It is essential to mention that physical coding toys/approaches are more engaging for
young children and have huge educational potentials (Hamilton et al., 2020).

Although there are many programming tools in apps (Ehsan et al., 2017), most are not
designed for young students. It is not enough to copy models of computer science education
developed for middle or high school students, which are not developmentally appropriate for
young children (Bers, 2020). Some coding apps rely heavily on words, while others mask
programming actions, thus obscuring critical aspects of creating coding (Kazakoff, 2014). Text-
based programming languages are not considered developmentally appropriate for children aged
5–7. This is an age group that includes pre-readers (0–5) and emergent readers (6–7) (Sullivan
& Umashi Bers, 2019; Pelánek & Effenberger, 2020). On the contrary, evidence suggests that
young children can learn coding at a young age when given developmentally appropriate tools.
These tools must support open-ended play and reduce cognitive effort in a fun and enjoyable way
(Murcia et al., 2020). A developmentally appropriate educational approach must be consistent
with the children’s needs and embrace their maturational stages by combining play, discovery,
socialization, and creativity (Bers, 2019). Since 2009 Resnick and his colleagues proposed that
programming environments must be characterized by “low floors, high ceilings, and wide walls”
(Resnick et al., 2009).

3 Guided research projects in the Primary school
The integration of the research assignments is directly related to the philosophy of the current

Information Technology (IT) curriculum (2021-22) and the new IT curriculum that will be
implemented in the years 2021-22 and 2022-23. Following the IT curriculum, students are
treated as minor “intellectuals”, “scientists”, and “researchers” (Ministry of Education, Lifelong
Learning and Religious Affairs, 2010: 10-11). The deliverables of the research work include
the research report, the artifact, which can be in the form of crafts, artistic composition, or
any other analog or digital format. Finally, the actions include visits, excursions, and events in
collaboration with the wider local community (Matsagouras, 2011).
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The role of the internet in the implementation of research projects is complementary, pro-
viding students with ideas and information to formulate the topic to be explored and their
initial research questions. Therefore, the teacher should create and/or enhance this inquiry
process. In this way, students will be helped to achieve their goal, i.e., the formation of the
aim and central questions of the research work. However, for the teacher to fulfill his/her role
in implementing the research work (project), he/she should know and suggest to the students
developmentally appropriate online tools. Students must have access to these tools from a com-
puter lab environment. In the present study, the online tools that contributed to the collection of
information by the students were search engines (Greek and/or foreign languages), meta-search
engines, and thematic catalogs. Additionally, websites that collect educational material were
used for multiple representations of information (texts, photos, video, audio) (Kapaniaris &
Papadimitriou, 2012).

Furthermore, the basic features of project planning were based on: a) Diversity: enriching
many different types of programs (internet search, enriched digital books, collaborative environ-
ments for managing and sharing digital material, visual programming, etc.), b) Personalization:
facilitating students to personalize their digital crafts based on their creativity, c) Possibility
of revealing & exploratory learning, d) Enhancing students’ interest in laboratory hands-on
activities and development of additional skills (e.g., exploring the additional possibilities of
software) (Kapaniaris & Papadimitriou, 2012).

In the scope of Primary School’s Information and Communication Technology (ICT) dis-
cipline, the research projects (short-term) with guidance require shorter procedures while
evaluating and utilizing various sources. These sources include using the internet in the context
of appropriate activities related to Information and Communication Technologies (ICT) or
even other school curriculum subjects. The topics of the project were part of a meaningful
framework of school and social life activities. Consequently, it was proposed to implement
intersectional assignments to connect various curriculum subjects (language, history, physical
sciences, environment, mathematics, social sciences, etc.) (Kapaniaris, 2019).

The actualization of a work plan during ICT in Primary school presupposes both “interdisci-
plinarity” and “intersectionality.” The term “interdisciplinarity” is associated with the analysis
of a topic in the context of research work based on the cognitive objects of the classroom
curriculum. In contrast, “intersectionality” is associated with analyzing a topic where questions
are asked by themselves (Aslanidis, 2011).

4 Curriculum implementation
4.1 Curriculum for the scientific field: Arts - Culture

According to the current curriculum for the scientific field: Arts - Culture, Educational
Learning Object: Art Education, for grades first to sixth in primary education, students are
expected: a) to become acquainted with multimedia and ICT applications through games, b)
to explore and use the internet for research and publication of their works and/or actions, c) to
become acquainted with the publication of their ideas through their works of art and/or digital
crafts, either the exhibiting their works in the community or on the internet.

Regarding the more specific teaching objectives for the 5th and 6th grade in the course of Art
Education, the students are sought: a) to comprehend that culture and art are an essential way of
expression and can convey messages on crucial issues such as peace, humanity, rescue from the
energy crisis that threatens the planet, recycling, fraternity, b) to evaluate new information and
transform it to enrich their works, c) to exploit their previous knowledge on culture and visual
arts in other subjects, and vice versa, d) to develop initiatives and disseminate their ideas by
collaborating and respecting the ideas of others, e) to use problem solving strategies applied
in the field of culture and visual arts in other cognitive areas, f) to enrich their ideas and work
with digital technology, g) to apply digital methods and techniques, such as short shots with
a digital camera and / or video which are then processed with simple programs offered on
school computers to create video art, h) to participate in individual and / or group work through
which they take initiatives to search for information (internet, school library, publications), their
processing and utilization, up to the exhibition of their works in the school unit or the their
publication on the internet.

4.2 Curriculum for the scientific field
According to the existing teaching instructions for Information and Communication Tech-

nologies (ICT) for the school year 2021-22 concerning all grades of Primary school, follow
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a relevant suggestion of the Institute of Educational Policy of the Ministry of Education &
Religions in Greece. The indicative distribution of teaching subjects section includes, among
others, for the 5th and 6th grade the following relevant axes: a) “I communicate and collaborate
with ICT” in the thematic fields “I learn the Internet” and “I communicate and collaborate,”
b) I investigate, discover and solve problems using ICT in the thematic fields “I program on
the computer” and “I implement work/research plans,” c) ICT as a social phenomenon in the
thematic field “I acquire digital education and literacy.”

Especially in the thematic axis “I investigate, discover and solve problems using ICT” in the
thematic field “Implement work/research plans (project),” the primary goal of the section is
research projects (of short duration). These projects require procedures that evaluate and utilize
information from various resources on the internet and the World Wide Web in the context of
appropriate activities related to ICT and the other curriculum subjects. The topics of the work
plans are part of a meaningful framework of school and social life activities. Therefore, it is
proposed to implement intersectional assignments that connect various curriculum subjects
(language, history, physical sciences, environment, mathematics, social sciences, etc.)

The present educational scenario, on which the guided research project was based, was
compatible with the Intersectional Unified Curriculum Framework of the Primary School. It
was also consistent with the 6th grade Language course Curriculum for producing written
speech, the respective History Curriculum, and the Theatrical Education course Curriculum.
Furthermore, it was related to the existing curriculum for the teaching of informatics in Primary
schools (Unified Reformed Curriculum) and the Intersectional Unified Curriculum Framework,
with the thematic unit for the 6th grade of elementary school “I program and control.”

The scenario was compatible with the new detailed pilot program. In particular, in the sub-
section “I program the computer” of the section “Exploring, discovering and solving problems
using ICT,” the expected learning outcomes are identified with the objectives of the scenario.
They also follow the suggestion of the Institute of Educational Policy to manage the material
for the subject “Information and Communication Technologies (ICT)” at Primary School. Also,
the educational scenario on which the guided research project was based is compatible with the
new under-development IT curriculum for the primary school, which will be piloted in 2021-22
and 2022-23. In addition, it can have a similar application in other grades of the Primary School
after proper modifications.

Following the above instructions concerning the distribution of the teaching subjects per axis
and the expected learning outcomes, we conclude that the specific educational scenario based
on the guided research project meets these specifications concerning how the students worked.
Moreover, the same topic concerning shadow play and programming through creative activities
using ICT requires research projects (short duration). It also needs the utilization of research
material that must be carried out to develop small tasks (multimedia applications).

4.3 Visual programming environment scratch
Coding is part of logical thinking and is one of the basic skills known as ‘21st-century skills’

(Chatzopoulos et al., 2021). Coding acquisition is necessary as it is used in a wide range
of occupations. However, computer programming is challenging to learn, and programming
courses often have high drop-out rates. Novice programmers suffer from a wide range of
difficulties and deficits. Research in teaching and learning programming across different
countries and educational contexts reveals that novice programmers face the same challenges
in their efficiency of writing, debugging, and running programs. These difficulties have led
those involved in programming to consider further the most effective ways to facilitate novice
programmers in learning the basic programming concepts. Visual programming environments
that support program construction through a drag-and-drop interface are among the most popular
coding tools for teaching novice programmers.

Scratch is an educational visual programming environment created by the MIT Lifelong
Kindergarten group. Since its first official release in 2003, educators of all levels worldwide
have been using it successfully to teach introductory programming lessons. Scratch has become
the most popular programming environment for beginners aimed at Primary and Secondary
students. Similar to international trends, in Greece, most conference reports are related to
successful examples of Scratch use at all levels of education. According to recent data from
the Scratch website, approximately 73 million registered users in June 2021 shared 80 million
projects and posted 487 million user comments.

Scratch as a programming environment allows the creation of programs by connecting
different pieces just like a puzzle, providing additional graphical and multimedia management
capabilities. It supports novice users to create animated stories, multimedia presentations,
games, simulations, and other interactive programs in a fun way by enabling them to share their
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creations online through a highly dynamic online community (Poultsakis et al., 2021; Vidakis et
al., 2019). Scratch users learn to program, develop computational thinking, think creatively and
collaborate - skills necessary for the 21st century (Maloney et al., 2010; Brennan & Resnick,
2013).

4.4 Shadow play in education
Shadow play creates an interactive relationship with the students. Especially in education,

it functions as a spectacle - entertainment and as a learning tool. Shadow Play, through
performances with Karagiozis as the main hero, positively activates the children, enhancing
their creativity and imagination. According to Wikipedia, Karagiozis or Karaghiozis (see Figure
1) is a Greek folklore’s shadow puppet and fictional character. He is an offspring of the Turkish
shadow play Karagöz and Hacivat and the tales narrated in the Turkish and Greek shadow-puppet
theatre (Wikipedia, 2021). Thus, children improvised, imitated, painted, directed, created their
own stories and original dialogues. Additionally, students within the group actively participate
in the group creation of an original script, work collectively, learn to respect, and are given the
opportunity for collaborative and experiential learning and strengthening relationships between
children (Kiourtsakis, 1996).

Figure 1 Karagiozis shadow puppet (Source: Saltmarsh - Own work, CC BY-SA 2.0.)

4.5 Design of a guided research project
The students’ cognitive objects and skills through the educational scenario on which the

guided research project was based were the production of written speech, the folk tradition and
the shadow theater, the heroes and the fighters of 1821. Beyond the autonomous cognitive object
(visual programming), computer science is defined as an interdisciplinary tool for approaching
knowledge, utilizing ICT applications to diffuse knowledge in all learning objects. More
specifically, shadow play brings the students in contact with a particular form of folk tradition,
familiarizing them with the peculiarities of shadow play through the approach of the written text
intended for a digital interactive performance of our well-known Karagiozis (a central figure in
Greek shadow play).

5 Teaching process: Assessment of students
The first teaching hour (psychological and cognitive preparation) of this educational scenario

began with the presentation of a short video (https://www.youtube.com/watch?v=DI5 mh5 krM)
on the history of shadow play. A discussion in class followed to motivate students and help
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them realize the importance of shadow play as part of our folk tradition. Then, the students
navigate on the website of the Spatharis Museum (http://www.karagiozismuseum.gr) and study
the main characters of shadow play. After this, they watch a short play by Karagiozis to get to
know the unique characteristics of each hero (dialect, movement, etc.) and observe how the
heroes interact through the script of the script play (see Figure 2)

Figure 2 Shadow play performance on YouTube play

At the end of the 1st teaching hour, a corresponding worksheet was completed, including
psychological and cognitive preparation activities. The aim was to form an appropriate emotional
climate, evaluate students’ existing knowledge, and detect any cognitive difficulties. The
teacher monitored the process throughout all the activities. In case of a problem observed, the
teacher helped and encouraged the students. At the end of the teaching hour, there was a short
plenary discussion to resolve questions and cognitive difficulties that may have arisen during
teaching. During this teaching hour, the Theatrical Education teacher’s contribution was deemed
necessary. After video screening and through a plenary class discussion, the students realized
the peculiarities of the theatrical text.

At the beginning of the 2nd teaching hour, there was a short plenary discussion in the class.
Then the students navigated to the digital resource of the photodentro (http://photodentro.edu.gr/v
/item/ds/8521/10881). The National Accumulator of Educational Content “PHOTODENTRO”
collects descriptions (metadata) of digital educational material. This activity aimed to match the
heroes of shadow play with their names and connect them with the previous lesson creating an
aesthetic experience. After screening the multimedia material, the children searched the internet
for heroes of 1821 and filled in the corresponding activity sheet with information regarding their
actions and contribution to the fight.

As part of the group activities, the children had to choose one shadow play hero. Students
searched and downloaded in the group e-portfolio folder relevant shadow play images/figures
related to these heroes. The images/figures were digitally processed by the members of each
group using image editing software. The images were adjusted according to the specifications
given by the teacher, concerned with their size, resolution, and background. The teacher
supervised, organized, and provided technical and cognitive support throughout the teaching
intervention where needed.

The 3rd teaching hour begins with a small plenary discussion, taking into account the shadow
play’s heroes and the play’s general theme. The Theatrical Education teacher’s contribution
is essential for guiding the conversation. Also, he explains how students will develop the
theatrical discourse and the general script structure while providing ongoing cognitive support.
Collaboratively, students should create dialogues for the two heroes they have chosen in the
previous lesson. Using a worksheet and word processing software, they record for each hero the
lines, the possible duration in seconds, the possible movement of the figure, and save it in the
e-portfolio of their team.

In the 4th teaching hour, the material recorded in the respective activity sheet was transferred
to the Scratch visual programming environment to program the final deliverable (https://scratch.m
it.edu/projects/525008969) (see Figure 3).

Children used the corresponding activity sheet (stored in their e-portfolio), where they had
recorded the dialogues and other relevant information about their heroes. Next, they started
the Scratch visual programming software (either online or the desktop version). Each group
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Figure 3 The home page of the online Scratch version

inserted the images of the heroes they had selected. Then they created the necessary dialogs,
always consulting the corresponding worksheet. Finally, they programmed each figure/object to
move, reproduce sound effects, and adjust the transition timing between dialogs.

For the final form of the digital play, each group’s digital work was merged into the final
Scratch file, which was the final deliverable of the teaching scenario (see Figure 4). Throughout
the lesson, the teacher had a supportive role, enhanced the students’ self-motivation, and
provided cognitive and technical support where necessary.

Figure 4 Snapshot of the digital play

The teacher conducted the final student’s assessment. At the end of each teaching hour, it
took place considering students’ outcomes, i.e., the digital artifact (see Figure 5).

Figure 5 Tile programming in Scratch software

6 Suggestions - Extensions
An extension of this educational scenario would be creating a more specialized digital

shadow play performance, utilizing the e-shadow software (http://eshadow.gr). The eShadow is
a modernized version of the traditional Shadow Play. It is a tool of creative expression and a
modern way of dramatized digital storytelling. It is enjoyable and attractive for both students
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and teachers. It was developed by the Laboratory of Distributed Information Systems and
Multimedia Applications of the Electrical & Computer Engineering department of the Technical
University of Crete. With the eShadow software, the educational community can create digital
performances, record, share, and watch them. It also provides the possibility of synchronous
communication and collaboration via the internet. This software allows students to draw/insert
graphics and figures while playing the show, even using motion detection control.
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