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Teaching coding is complex. Teaching coding to higher education students enrolled in teacher
education courses who lack a background in technology education is even more so. This paper
presents the first phase of an exploratory sequential designed study that investigates how digital
literacy and problem-based learning pedagogies, meshed with drone activities can be used to help
pre-service teachers develop an advanced level of program knowledge and skills. This paper will
look at reflexivity in the research process of designing an intervention for pre-service teachers.
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Introduction

STEM instruction has been emphasized in education since the 1990s (Vela, 2021). Integrating digital
pedagogies into the curriculum has become widespread in many national education systems, highlighting the
need for digital technology teachers who can provide quality instruction to prepare secondary students for 21%
Century careers (Chugh et al., 2023). Digital literacy has become a vital skill and it is essential for teachers to
implement digital technologies into their classrooms to develop students’ higher-order thinking and problem-
solving skills (Quann, 2015). While there is existing literature on teachers’ digital literacy competencies
(Tomczyk, 2020), limited research focuses on enhancing the skill set of pre-service teachers to facilitate the
improvement of digital literacy among their future students. This paper will present the first phase of an
exploratory sequential designed study (Creswell, 2009) to upskill higher education students enrolled in teacher
education courses on digital literacy and problem-based learning (PBL) pedagogies using the coding of drones.
Specifically, the larger study examines how Michelle designs and leads the workshop to show pre-service
teachers how to implement a drone coding project, integrating the teaching of digital literacy competencies and
PBL pedagogies. The first phase of the project focuses on research reflexivity by analysing Michelle’s reflective
practices during the workshop design process. In this phase, Michelle will consider how to design a workshop
so pre-service teachers learn coding concepts, develop technology skills, and gain the ability to impart these
skills to their students.

Literature Review

Digital Literacy, Problem Based Learning and Drones in Education

Coined by Gilster (1997), the term ‘digital literacy” focuses on the critical thinking skills users need to operate
digital technologies and emphasises that it does not need to include programming or creating technology, it is
focused on the operation of the technology. Others have continued the discussion on defining digital literacy in
educational contexts by calling for a need to create a framework for teachers’ digital literacy (Pacheco-Guffrey,
2021). This is supported by studies to gauge pre-service teachers’ scientific beliefs and digital literacy (List et
al., 2020). One approach to developing digital literacy is through PBL, a pedagogy designed to help students
develop strategies to solve complex problems while learning discipline specific knowledge (Finkle & Torp,
1995). This pedagogy is beneficial because students are required to use a variety of resources, content-specific
knowledge, and problem-solving strategies to present results to the problems which increase in complexity as
new concepts are taught (Stanley & Waterman, 2000). The collaborative nature of PBL allows students to
explore multiple solutions and expand their knowledge through peer interaction.Using drones through PBL has
become a popular practice in education (Chou, 2018; Jayaratne & Smilnak, 2020), providing students with
concrete experiences in which they interact with complex abstract and/or theoretical knowledge to develop
answers to problems and test the results of those answers (Duraj et al., 2021). It has also been demonstrated that
using drones and PBL pedagogies can help students develop a range of coding skills, from simple level coding
to more advanced levels in higher education programming units (Bai et al., 2021). While there are studies to
understand how teachers perceive the implementation of drone technology (Ahmed, 2021), there are limited
investigations on building pre-service teachers’ skills using drone technology in classrooms, apart from one case
presenting the needs and readiness of pre-service teachers to implement drone technology in their classrooms



(Ng & Cheng, 2019).

Reflexivity in Research

As Michelle is engaged in the implementation of this technology with pre-service teachers, it is relevant to
discuss the importance of reflexivity in this research, as this is a critical process that enables researchers to
examine their own biases, assumptions, and positionality (Mortari, 2015). Similarly, reflexivity in social science
research refers to an iterative and self-reflective process wherein researchers critically analyze their own
subjectivity and its potential impact on the research process (Olaghere, 2022). Researchers adopt a reflexive
approach to enhance transparency of the chosen research elements, or methods (Olaghere, 2022). However,
there is limited discussion in the professional literature on reflexivity during intervention design. By embracing
reflexivity during intervention design, researchers can enhance transparency and ensure that their intervention is
appropriate to the research goals, as well as inclusive and ethical. Incorporating reflexivity into research design
requires a systematic and intentioned approach. This begins by documenting personal reflections and engaging
in regular self-assessments throughout the research process. There are various methodological approaches that
can be employed to practice and document reflexivity (Finlay, 2002), such as journaling and diary techniques
that involve recording personal reflections and insights into the research process. In conducting a thematic
analysis and coding, researchers then systematically identify and analyze their own biases within the data
analysis process.

Research Design

The research design for the larger study is based on using an exploratory sequential strategy (Creswell, 2009)
under a Mixed-Methods methodology to study a program of inquiry using both qualitative and quantitative
methods (Olaghere, 2022) (see Figure 1). Phase 1 used reflexivity practices to design the workshop as well as
the research procedures (Mortari, 2015). Multiple researchers analyzed the reflections to ensure the application
of triangulation (Denzin, 2012). Phase 2 will include implementation of the designed workshop for the pre-
service teachers and will utilise a pre-test post-test research design to measure the pre-service teachers’
perceptions before and after the workshop. The research question for the larger study is: What are the pre-
service teachers’ self-perceived levels of comprehension of programming skills and PBL pedagogies? A
repeated measures ANOVA will be run to demonstrate a significant change in the surveys after the intervention.
Phase 3 will include an interpretation of all data. This paper will focus on presenting the findings of Phase 1 of
the larger project, which is taking a look at the reflexivity practices used to design the intervention, or workshop.
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Figure 1: Exploratory sequential design (Creswell, 2009) of pre-service teacher drone workshop project

Position of Researcher (Michelle)

Michelle recognises the imperative of providing pre-service teachers with professional development (PD)
opportunities focused on the use of technology. In a rapidly evolving digital era, this is just part of our daily
lives, and its integration into educational settings needs to enhance teaching and learning experiences. This is
crucial in preparing educators to meet the needs of students and create engaging learning spaces. By equipping
them with the skills and pedagogical knowledge necessary for effective technology integration, teachers are
empowered to foster active learning, critical thinking, and personalized instruction. Ongoing support and
collaboration for teachers are key to ensuring successful implementation. As a researcher, Michelle is
committed to promoting the benefits of technology in education and advancing best practices in pre-service
teacher training.

Findings
An analysis of the reflections of Michelle during the intervention uncovered three major themes: consideration

of ‘Curriculum design,” consideration of ‘pedagogical frameworks,” and consideration of ‘technology
challenges.” The following provides a discussion on the themes and how the intervention emerged.



Curriculum Design

When designing the intervention (PD activity for pre-service teachers), careful alignment was made with the
existing curriculum to maximize its relevance. One of the first reflections stated, “teacher buy-in is important
otherwise the teachers won’t use it. Curriculum links are essential — link to specific content descriptions.” By
aligning the intervention with the curriculum, specific learning outcomes and standards could be addressed,
ensuring that it directly contributes to students' academic growth. This coherence enhances the intervention's
credibility and legitimacy among teachers, students, and other stakeholders. The reflections also considered the
specific needs of pre-service teachers: “Most of my students want to learn something they will actually use in
their future classrooms. Evaluations always note the importance of relevancy and practicality of course content.”
Before continuing with the other reflective themes, the intervention will be described.

Intervention

The intervention will focus on the Digital Technologies Curriculum (ACARA, 2014) with an emphasis on
helping students “develop and use increasingly sophisticated computational thinking skills” (p. 3). Using this
curriculum, the intervention was designed for pre-service teachers in a teacher education course. The project
aims to show pre-service teachers how to implement a drone coding project that will incorporate the teaching of
digital literacy and PBL pedagogies. Put in small groups, participants collaborate on activities that follow a
sequence to embrace effective digital literacy and PBL teaching pedagogies.

This project sequence follows:

1. Areview of common terminology used in coding drones (quadcopter, yaw, pitch, roll, etc) to help

participants understand the drone and how it moves, which will be useful later during the coding of drones.

After completing a safety check, participants are able to fly the drones, following manoeuvring instructions.

Once the participants are familiar with the above, they will fly their drone through an obstacle course.

4. Next, participants are shown how to use the coding mode in the app and will be challenged to code their
drone to survey a two-meter squared mat.

5. Participants will be expected to “walk the code,” first to make sure their codes and measurements are
accurate. Then, they can fly their drone to test their code and make revisions if necessary.

6. The final challenge will have participants coding their drone through the obstacle course.

7. Finally, participants will engage in reflective discussions about implementing similar projects in their future
classrooms, including those on curriculum connections, drone safety, attaining equipment, considering
location, essential technical drone skills, and potential technical challenges.
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Pedagogical Frameworks

Using her prior experience teaching a ‘Design and Digital Technologies’ class for pre-service teachers, Michelle
reflected, “When I taught DDT, we had students read about different pedagogies, different teaching frameworks.
I remember PBL having an impact on students. They liked how this type of teaching had a student-centred
approach and the critical thinking it inspired in students.” Consideration of pedagogical frameworks before
technology (Cowling & Vanderburg, 2020), such as PBL, was crucial in intervention design as they provide
evidence-based strategies, support differentiated instruction, foster student engagement, and enable formative
assessment, which will increase buy-in from the pre-service teachers, ensuring effective teaching practices and
maximizing student outcomes.

Importantly, there are several chances for participants to learn digital literacy and PBL pedagogies through this
process. For example, one of the first steps of this project is to teach common terminology for more effective
communication and understanding of the technology. In literacy education, terminology has been categorised
into three tiers (Beck et al., 2013): (a) Tier 1 - words used in everyday conversations; (b) Tier 2 - words used
less commonly but can be found across disciplines and contexts; (c) Tier 3 - words that are subject-specific or
technical terminology. To develop their understanding of the drone terminology, participants will have
opportunities to learn and practice tier 3 words in an authentic context (Blachowicz & Fisher, 2000). In this
project, participants will also be given opportunities to code, which is seen as a new literacy skill since coding
uses a system of symbolic representation to communicate ideas (Weintrop & Wilensky, 2017). The intervention
applies a PBL approach throughout the experiment since participants are asked to program the drones through
different challenges (e.g. to survey an entire mat and manoeuvre through obstacle courses). After being provided
with content knowledge, the participants must develop the answers through social interactions with their peers
using problem-solving strategies (Hoople & Choi-Fitzpatrick, 2020). As participants successfully program their
drones, new, more complex challenges will be provided to the participants.



Technology Challenges

Considering technology challenges is essential when designing a drone project of this nature for pre-service
teachers. The integration of drones in schools offer exciting opportunities for hands-on learning and
interdisciplinary exploration. However, it is crucial to address potential technology challenges to ensure a
smooth implementation and maximize the learning outcomes of the project. The researcher included several
reflections on her own experience with technology challenges that led to a step in the design that included
discussion on potential challenges. The researcher reflected:

drone connectivity issues with school firewalls! Don’t forget to tell teachers that they will have to test
the equipment and make sure the drones connect to the devices — devices may need to be disconnected
from school’s system....one big challenge is time! Time to charge all devices and drone batteries prior
to lesson...Nothing worse than rocking up to a workshop with flat batteries!...other things to consider
are finding the appropriate equipment, drone tips (good idea to password protect drones so they can
only be connected to one specific device, holding the power button will reset the drone!), space to fly
the drones (indoor best for Tello) and appropriate safety measures (long hair, safety glasses, etc).

Key considerations for drone project design include drone accessibility which may be limited due to budget and
logistical issues, technical skills and knowledge, suitable flying locations, and technical support. Technical skills
and knowledge can pose challenges for pre-service teachers as operating and programming drones require a
certain level of expertise. Many educational institutions may have limited suitable areas free from obstacles
required for flying drones. Lastly, ongoing technical support and troubleshooting mechanisms are vital. Drones
can be complex devices, and technical issues may arise during the project. For example, some school network
firewalls can restrict connectivity between the drones and the devices used to control the drones, while
considering the time it takes to get the equipment ready (charging drone batteries, etc.) is also important.
Considering these challenges when designing a drone project for pre-service teachers can ensure a smoother
implementation, enhancing the learning experience and increasing the prospect they will consider implementing
a similar project in their future classrooms. By addressing issues (Step 7 above) related to accessibility,
technical skills, flying locations, and technical support, the project becomes more inclusive, empowering pre-
service teachers to overcome technological barriers and fully engage with the educational potential of drones.

Conclusion

This paper shares the first phase of a larger study that uses an exploratory sequential strategy (Creswell, 2009)
under a Mixed-Methods methodology. The researchers have sought to be transparent through reflexivity during
the design of the intervention, which is a workshop to be used in higher education teacher preparation courses
utilising drone technology and activities to upskill pre-service teachers. Although reflexivity is highlighted as an
important part of the research process, there is limited research found that discusses reflexivity during
intervention design. This paper presents a key consideration in designing a technology and PBL focused
intervention that can be impactful while at the same time relevant to pre-service teachers to increase digital
literacy in the classroom. By incorporating reflexivity into intervention design, researchers can enhance
transparency by critically examining their own positions. Moving forward, there is still a need in the
professional literature for further investigation of reflexivity in research in the context of intervention design to
uncover potential impact and implications for designing effective interventions. By embracing reflexivity as a
fundamental aspect of research practice, researchers can contribute to advancing the field of research and
promoting transparency and rigor in intervention design.
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