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Abstract

This study addresses the imperative for contemporary computer science educators to integrate mobile
technology into their pedagogy, with a particular focus on mobile gaming applications for educational content.
Through a meticulous literature review and surveys, the research identifies crucial competencies required by
computer science teachers, evaluates current assessment methods, and proposes integrative strategies for
curricula. Key competencies such as coding, pedagogical integration of technology, and game design
principles are spotlighted. The development of assessment tools aims to balance theoretical knowledge with
practical application, ensuring educators' readiness for a digitally oriented classroom. Proposals for curriculum
integration emphasize the harmonization of technical skills with effective teaching methods, aligning
education with rapid technological advancements. The findings suggest the need for enhanced teacher training,
practical application opportunities, and industry-academia collaboration. This research contributes a
framework for updating computer science education, preparing educators to meet modern technological
challenges and enrich student learning outcomes.

Keywords: computer science education, mobile technology integration, educational gaming applications,
teacher competency assessment, curriculum development, pedagogical strategies, technology, industry-
academia collaboration.
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2AGaii aTeingarsl Kasak yITTBIK II€1aroriKabIK yHUBepeuTeTi, Anmarel, Kazaxcran
YHUBEPCUTETTEPJAE UHOOPMATHUKA TII9OHIHAEI'T OKBITYJIA MOBUJIBAI
KOJIJAHBAJIAPJIbI JAMBITY TEXHOJIOT'UAJAPBIH UHTEI'PALIUSJIAY

Anoamna

By 3eprrey xorapsl 0Ky OpBIHIaphIHIA OltiM Oepy OaraapiamMachiHia MOOWIIBII OHBIH KOCKIMINIANAPHIH
Jasipyiay JaFIbplIapblH YHpETyre epekilie Hazap ayaapa OTBIPHIN, Ka3ipri mHQopMaThka MyFamiMzepi YIIiH
MOOWJIBII KOCBIMIIIAJIAP/IbI d31pJICy Il Tiearorukara OIpiKTipy KaXeTTUIIrH 3epTTeii. Onae0ueTTepal oy
KOHE cayallHaMajap apKblIbl 3epTTey HH(POPMATHKA MyFaliMIepiHe KaXKeT ChIHU KY3bIPeTTep/li aHbIKTalIbI,
arpIMJarel Oaranay ToXipuOeciH Oaranaiapl )koHE OKy OarnapiaMachlHa MHTETPALMSUIBIK CTpaTervsiapabl
ycoiHabl. barnapnamanay, TEXHOJIOTHSHBI TIeJaroruKara OipiKTipy KoHE OWBIHJBI KYPacThIpy TPUHIHANTEP]
CHUSIKTBHI HETI3T1 Ky3bIpeTTepre O0aca Ha3ap aynapbuiajisl. baranay KypanmapbeiH a3ipiey Oinmim Oepymriiep iy
IUQPIBIK CHIHBINKA JAaHBIH OOIYBIH KAMTaMAaChI3 €T€ OTBIPHII, TEOPHSUIBIK O1TiM/l IPAaKTUKAIBIK KOJIIaHyMEH
TeHecTipyre OarpiTTanFaH. OKy OaraapiiaManapbiH OipiKTipy OOMBIHINA YCHIHBICTAP TEXHUKAIBIK JaFIbLIapIbI
THIMJII  OKBITY 9icTepiMeH Yyiiectipyre, OuUTiM Oepyli KbUIJaM TEXHOJIOTHSUIBIK KETICTIKTepre
coiikecTeHipyre Oaca Hazap ayngapazabl. HoTwxenep myramimIepAiH OUTIKTINITIH apTTBIPYABIH, TIXipuOe
MYMKIHIKTEPIHIH XK9HE OHIIPIC IEH aKaJeMUs apachIHIArbl BIHTBIMAKTACTBIKTHIH KAKETTLIIMH KOPCETE .
By 3eprrey nHpopmaTrka OiTiMiH 1aMbITyFa, MyFaTiMIEp Il OYTiHTT TEXHOJIOTHSUIBIK MACEJIEIeP i STy Aer]
JaFAbUIAPBIH apTTHIPYFa KOHE OKYIIbUIAPABIH OKY HOTHXKEJIEepiH XKaKkcapTyFa Heri3 Oeperi.

Tyiiin ce3aep: nHpopmaTrka OobIHIIA Ois1iM, MOOMIIBII TEXHOJIOTHSIAP MHTErpalMAachl, OitiM Oepy
OWBIH KOCBIMINIANAPBI, MYFaJIIMHIH KY3bIPETTUIINH Oaranay, OKY >KOCIAapbIH d3ipiey, IeJaroruKalibiK
cTparerusuiap, TEXHOJOTHS, cajla-aKaJeMHUSHBIH bIHTBIMAKTACTBIFBI.
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DKerpicycknii ynusepcuter mmenn Wibsca XKancyruposa, Tanasikopran, Kazaxcran
Ka3axCKuii HAlIMOHANBHBIN T1€JarOrMYecKuii yHuBepcuTeT uMeHu AGasi, Anvatel, Kazaxcran
UHTETPALIAA TEXHOJIOT A PASPABOTKHA MOBWIBHBIX IPUJIOKEHUI B

OBYYEHUU UH®OPMATHKE B BY3AX

Annomayus

B sTOM HccnenoBaHum M3ydaeTcsi MHTETPUPOBAaHIE pa3pabOTKH MOOWIIBHBIX MPHUIIOKEHUI B METaroruky
IUISl COBPEMEHHBIX TIperoaBaTeneld MHGOPMAaTHKH U JaibHelIee, yaensis 0codoe BHUMaHHE MOOMIEHBIM
WUTPOBBIM MPUIOKEHUSAM JIsi 00pa30BaTEIbHOTO KOHTEHTA, MOCIe Yero AeaeTcsl BHIBOJ O HEOOXOAMMOCTH
takoro moaxoza. IlocpencTBoM 0030pa JHMTEpaTypbl U OMPOCOB MCCIEAOBAHHUE ONpEACIIeT BaKHEHIINE
KOMITCTEHIINH, HEOOXOANMBIE YUUTEISIM HHPOPMATHUKH, OIIEHHUBACT TEKYIIHE METObI OLICHKH M TPEe/IaraeT
WHTETPaTHBHBIE CTpaTerud Aiasi yueOHbIX mporpamM. Ocoboe BHMMaHHE YACTSIECTCS TaKUM KITIOYEBBIM
KOMIIETEHIIMSIM, KaK MPOrpaMMHUpPOBAaHUE, MHTErpalysl TEXHOJNOTHH B MEJAaroruKy W MPHHLUIBI UTPOBOTO
nu3aiiHa. Pa3paboTka MHCTPYMEHTOB OLICHKM HAIpaBlieHAa HA TO, YTOOBI COATaHCHPOBATH TEOPETHUYECKUE
3HAHUS C MPAKTHYECKUM MPUMEHEHHEeM, 00ecIiednBasi TOTOBHOCTD IperoaBareneil Kk pabore B HU(ppOBOM
Kinacce. B mpemiokeHWsX 1O MHTErpandy Y4eOHBIX MNpOrpaMM JeNaeTcsl ymop Ha TapMOHHW3AIHIO
TEXHUYECKUX HABBIKOB ¢ AP (PEKTUBHBIMU METOIaMH 00yUeHHS, IPUBEIeHUE 00pa30BaHuUsl B COOTBETCTBHE C
OBICTPBIM TEXHOJIOTHYECKUM TIporpeccoM. IlomydeHHble pe3yabTaThl CBHAETEILCTBYIOT O HEOOXOJUMOCTH
yIy4IlIeHHs TIOATOTOBKHM yUYHUTENeH, BO3MOKHOCTEH MPaKTUUYECKOTO MPUMEHEHHS H COTPYTHHYECTBA MEXKITY
MPOMBIIIJICHHOCTBI0 W HAYYHBIMH KpyramM. OJTO HCCJICOBaHHE CO3JaeT OCHOBY JUII OOHOBIICHHS
oOpa3oBanusi B oOiacTu HMHGOPMATHKH, IIOATOTOBKH IpenojaBaTelell K pEIICHHIO COBPEMEHHBIX
TEXHOJIOTHUECKHX 33/1a4 ¥ yIy4IICHHUS Pe3yIbTaTOB O0yUYCHUS yJalTHXCs.

KaroueBbie ciaoBa: oOpa3oBaHne B o07acTé WHPOPMATHKH, WHTErpanuss MOOWIBHBIX TEXHOJOTHH,
oOpa3oBaTeNbHBIC HIPOBBIC TPHIOKEHHS, OICHKA KOMIETCHTHOCTH Y4YuTeleH, pa3paboTka ydeOHBIX
IporpamMM, MeJarorudeckKue CTPATeTHH, TEXHOJIOTMH, COTPYAHHYECTBO MEXKIY IPOMBIIUICHHOCTRIO H
HAYYHBIMU KpPyTamH.

Main provisions

This research focuses on the essential need for modern computer science educators to incorporate
mobile technology, specifically emphasizing educational applications through mobile
gaming.Through thorough examination of literature and surveys, the study identifies essential skills
needed by computer science instructors, assesses existing assessment techniques, and suggests
methods to integrate these skills into curricula effectively. Important skills like programming,
integrating technology into teaching, and understanding game design principles are emphasized.

This study provides a framework for modernizing computer science education, equipping
educators to address current technological challenges and enhance student learning results.

Introduction

The rapid proliferation of mobile technology has necessitated a reevaluation of competencies for
computer science educators, especially in leveraging mobile gaming applications for educational
purposes. This study is structured around three core research objectives aimed at addressing the
evolving demands of computer science education in the context of mobile technologies. The
relevance of the problem at hand lies in the urgent need to equip educators with the skills and
knowledge to effectively integrate these technologies into their teaching practices, ensuring that
students are well-prepared for a technology-driven future. By focusing on the pedagogical potential
of mobile gaming, this research seeks to bridge the gap between current educational practices and the
innovative tools that are increasingly shaping the digital landscape.

Defining the objectives of the study involves three key components. The primary goal is to
pinpoint the abilities required for educators, in computer science. It aims to highlight the expertise
needed for developing and using mobile gaming applications. This involves not programming and
game design concepts but incorporating teaching methods, with technological resources to enhance
learning effectively.
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The second goal involves creating assessment methods. This means developing accurate tools to
assess the skills identified covering both the basis and real world use of mobile technology, in
education. These tools are essential to help educators have the needed abilities to succeed in an
environment enriched with technology.

The final objective revolves around proposals for curriculum integration. The study aims to
provide recommendations on how to embed these competences in the training curricula of future
computing teachers. It highlights the need to strike a balance between in-depth technical acumen and
pedagogical finesse. The intended outcome is a curriculum that not only keeps pace with
technological advances, but also promotes effective teaching methods.The culmination of this
research will contribute to a comprehensive framework that empowers educators to effectively
harness mobile technology, thereby enriching the computer science education paradigm and
enhancing student learning experiences.

This review critically examines the evolving competencies required in computer science
education, emphasizing the integration of mobile technologies and their pedagogical applications. It
spans global research with a particular focus on how these developments pertain to Kazakhstan's
educational context. The main problematic provisions have two different directions. Teachers in
Kazakhstan may not be receiving the professional development and ongoing support needed to
acquire and effectively utilize these developing competencies in their classrooms. Also there may not
be enough emphasis on developing and implementing assessment tools to measure the effectiveness
of mobile technology integration in computer science education in Kazakhstan.

In the realm of computer science education, a crucial aspect of pedagogical competency is striking
a balance between theoretical knowledge and hands-on technological skills. Angeli and
Giannakos [1] emphasize the importance of computational thinking as a fundamental competency for
educators, particularly in the digital age. This skill extends beyond mere coding; it involves a
problem-solving mindset that is essential for understanding and applying computer science principles.

However, a significant gap is evident in the literature regarding the integration of mobile
technologies and gaming applications within computer science education. This gap is not just about
the technical skills needed to use or develop these applications, but also about understanding their
pedagogical implications. The rapid evolution of mobile technology and its widespread use in
everyday life makes it a critical area for educational integration, yet current curricula seem to lag
behind these technological advancements. This disconnect between educational practices and
technological evolution suggests that educators might not be fully prepared to leverage these
technologies effectively in their teaching practices.

To address this, there's a need for more research and curricular development focusing on the
integration of mobile technologies in computer science education. This could include exploring the
pedagogical potentials of mobile gaming applications, which offer an engaging and interactive way
of learning complex computer science concepts. The current lack of emphasis on these areas in the
literature points towards an urgent need for curriculum updates and professional development
opportunities for educators, to equip them with the necessary skills and knowledge to navigate this
rapidly changing technological landscape.

The integration of mobile technologies in education, particularly through mobile learning (m-
Learning) and educational mobile gaming applications, represents a significant shift in teaching
methodologies. Ally [2] highlights the evolving competency profiles required for educators in digital
and online contexts, emphasizing the need for dynamic and adaptive skill sets. However, the potential
of mobile gaming applications in enhancing learning outcomes remains underexplored in current
literature, signaling a vital area for further research. This gap is especially noteworthy in the context
of inquiry-based learning approaches and the individualization of educational experiences, where
mobile technologies can play a transformative role. Studies like those by Onyema et al. [3] investigate
the potentials of mobile technologies in improving inquiry-based learning methods, underscoring
their effectiveness in engaging and interactive learning. Furthermore, the work of Tangirov and
Sattarov [4] delves into the didactical possibilities of mobile applications, highlighting their role in
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the individualization and informatization of education. This suggests a vast potential for mobile
technologies to cater to diverse learning needs and styles, thereby enhancing the overall educational
experience. The comparative analysis examines prominent game development platforms — Unity,
Fusion, and Unreal Engine — in the context of their application in educational environments. This
section highlights the unique attributes, advantages, and challenges of each platform, offering insights
into their suitability for developing educational content (Table 1). The analysis serves as a guide for
educators and developers in choosing the most appropriate platform to meet their specific educational

application needs.

Table 1. Comparison of mobile programming languages

Unique attributes

Unity

Unreal Engine

Fusion

and web browsers [5].

development due to high-
end graphics capabilities

Accessibility User-friendly interface, | Advanced features | Intuitive interface and easy to
suitable for beginners|presenting a  steeper|use, making it suitable for
and experienced |learning  curve,  more|beginners and those without
developers alike [5]. suitable for experienced |traditional programming

developers [6]. experience.

Cross-Platform | Supports a wide range of |Also  supports  multiple | Fusion offers capabilities for

Development platforms including | platforms, often preferred |developing games across
mobile, PC, consoles,|for PC and console|various platforms, though it's

more renowned for its 2D
game development strengths.

offering a balance of
simplicity and power

[6].

of Blueprint visual scripting
and C++ programming,
allowing for complex game
logic creation [5].

[5].

Graphics Improved graphics | Renowned for |While Fusion is powerful for
capabilities but may fall | photorealistic ~ graphics, | 2D game development, it may
short  compared to|advanced rendering |not match the advanced 3D
Unreal Engine for highly|techniques, and  high-|graphical capabilities of
realistic visuals [6]. quality visual effects [6]. |engines like Unreal.

Scripting Uses C# for scripting,|Utilizes a hybrid approach|Fusion allows for game and

application development
without traditional
programming, utilizing a more
visual and  event-based
programming language.

Asset Store

Extensive library with a
variety of assets,
including models,
textures, and scripts [5].

Vast library of high-quality
assets, particularly
advanced graphical assets
and tools [5].

It has a community-driven
extensive object repository
with a variety of game-
building assets and extensions.

making it accessible for
beginners [5].

experiences [5].

Performance Suitable for mobile and |Better suited for visually|Fusion is  well-optimized,
less demanding projects, |demanding and  high- | especially under high object
may require | performance games, | numbers, making it suitable
optimization for high-|requires more powerful |for PC and iOS development.
end projects [6]. hardware [5].

VR/AR Support | Offers straight-forward | Provides advanced features | Specific ~ VR/AR  support
VR/AR development, (for  high-end  VR/AR|capabilities are not as

prominent as in Unity or
Unreal Engine.

Community and
Support

Large community with
ample resources and
tutorials, especially
beneficial for beginners

[5].

Supportive community with
expertise in  advanced
topics and AAA game
development [6].

Fusion boasts a supportive
and passionate community,
with  forums and events
fostering a community spirit
among its users.
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The comparative analysis of Unity, Fusion, and Unreal Engine reveals distinct differences in their
approach to game development, particularly in educational settings. Unity and Unreal Engine emerge
as strong contenders for high-end, graphically intensive projects, with Unity being more accessible
to beginners and Unreal Engine offering advanced visual capabilities. Fusion, while less advanced in
3D graphics, provides an intuitive platform ideal for beginners and 2D game development.

Comparatively, other engines like Godot, CryEngine, Lumberyard, and Construct also offer
unique features. Godot is known for being open-source and user-friendly, CryEngine for its advanced
graphics, Lumberyard for its integration with Amazon's AWS services, and Construct for its
simplicity and focus on non-programmers. Each of these alternatives presents its own set of
advantages, catering to different needs and expertise levels in the realm of educational game
development.

Existing methods and tools for assessing teacher competencies in technology often include a mix
of self-assessment questionnaires, performance-based evaluations, and peer reviews. Self-assessment
tools typically involve teachers reflecting on their own skills and knowledge in using technology in
the classroom. Performance-based evaluations observe teachers in real or simulated teaching
scenarios to assess their practical application of technology. Peer reviews involve colleagues or
experts reviewing and providing feedback on a teacher's use of technology, offering a collaborative
approach to competency assessment. These methods aim to gauge both theoretical understanding and
practical application of educational technology.

The discussion on competency assessment methods in teacher technology education integrates
insights from several key studies. Miranda et al. [7] suggest that with the advent of Education 4.0,
assessment methods are increasingly leaning towards evaluating the application of technology in
realistic settings, rather than just theoretical knowledge. This is echoed in the work of Bahodirovich
and Romilovich [8], who advocate for project-based assessments that reflect real-world challenges
teachers might face.

Ally [2] contributes to this discussion by highlighting the unique competencies required for digital
and online teaching. The assessment of these competencies, therefore, demands tools that can
evaluate not just technical skills but also the ability to engage and educate in a virtual environment.
Fernandez-Batanero et al. [9] further reinforce the need for continuous and systematic assessment
methods that evolve alongside digital advancements in education.

These studies collectively underline a shift in assessment paradigms - from traditional, knowledge-
based evaluations to dynamic, skill-and-application-oriented approaches. This shift reflects the
broader changes in educational technology and underscores the necessity for assessment methods that
are adaptable (Figure 1), practical, and aligned with the digital competencies required in

contemporary education.

Assessment methods

Figure 1. Assessment methods for evaluating teacher competencies

Emerging assessment methods for evaluating teacher competencies in technology include digital
portfolios, interactive simulations, and data analytics tools. Digital portfolios allow teachers to
showcase their integration of technology in teaching through a collection of digital artifacts.
Interactive simulations provide an immersive environment where teachers can demonstrate their
technological skills in a controlled, yet dynamic setting. Data analytics tools use data gathered from
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various digital platforms to assess teachers' engagement with and effective use of educational
technologies. These innovative approaches provide a more comprehensive and practical assessment
of teachers' technological competencies. The assessment methods, such as digital portfolios,
interactive simulations, and data analytics tools, not only evaluate teachers' skills but also reflect the
kind of technological integration that modern curricula aim to achieve.

Understanding how teachers are assessed for their technological proficiency provides insight into
what is valued and prioritized in educational technology, thus informing the curricular models and
case studies explored in the context of integrating technology into computer science education. This
connection highlights a reciprocal relationship where effective assessment drives curriculum
development, and innovative curricular models, in turn, shape the focus of competency assessments.

In the realm of curriculum design, several models (Figure 2) have emerged that effectively
integrate technology competencies, especially in computer science education. A prominent model is
the TPACK (Technological Pedagogical Content Knowledge) framework, which emphasizes the
intersection of technology, pedagogy, and content knowledge. This model advocates for a holistic
approach where educators are not only proficient in their subject matter but also skilled in pedagogical

strategies enhanced by technology.
Content Knowledge)

Models for integrating
technology
competencies into
curriculum

Figure 2. Models for integrating technology competencies into curriculum

Another significant model is the SAMR (Substitution, Augmentation, Modification, and
Redefinition) model, which provides a method for moving through degrees of technology integration
in teaching. The model challenges educators to progress from merely substituting traditional methods
with technology (Substitution) to transforming learning experiences in ways that were previously
inconceivable without technology (Redefinition).

Third framework, TDC (Teacher Digital Competency) framework, by Falloon [10] presents a
comprehensive conceptual framework that expands the view of teacher digital competence. The TDC
framework moves beyond traditional technical skills and literacy conceptualizations and advocates
for a more holistic and broad-based understanding of the knowledge and skills needed in diverse and
digitally-mediated environments. This framework is significant for its interdisciplinary nature,
emphasizing the need for comprehensive digital capabilities in educational settings. It also offers
practical suggestions for faculty on implementing this framework, underlining its applicability in
contemporary education.

In computer science education, specifically, the incorporation of project-based learning (PBL) and
flipped classroom models, supported by digital tools and resources, has shown significant promise.
These approaches encourage active learning and hands-on experience with technology, crucial for
developing practical skills in computer science.

The following cases showcase the successful integration of the programming into the curriculum.

-MIT’s Introduction to Computer Science and Programming: This course, widely popular on
platforms like edX, successfully integrates technology by using an online learning platform, enabling
interactive learning experiences. It combines video lectures, interactive problem sets, and a
community forum, thereby enhancing engagement and practical application of computer science
principles.
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-The Flipped Classroom Model in High Schools: A case study in a high school showed that
flipping the classroom — where students engage with lecture content at home and work on problem-
solving in class — significantly improved students' practical skills in computer science. The use of
technology for accessing content outside the classroom and for collaborative projects inside the
classroom proved effective.

Despite all the opportunities, there are distinctive challenges in integration technology, especially,
creating mobile applications into the curriculum such as limited access to internet in some locations
and teacher preparedness. The second is the central issue of the present article, and the object that the
present article aims to investigate. Rural schools face challenges in integrating technology in
computer science education due to limited access to high-speed internet and modern computing
resources. This limited the effectiveness of technology-dependent curricular models.

Moreover, in some instances, despite having the technological tools, the lack of adequately trained
teachers to integrate these tools into the computer science curriculum posed a significant challenge.
This underscores the need for professional development focused on technological competencies.
These curricular models and case studies demonstrate the varying degrees of success and challenges
in integrating technology into computer science education, highlighting the importance of access,
teacher preparedness, and innovative teaching strategies.

In conclusion, the review of literature on teacher competencies in technology, innovative
assessment methods, and integration into curricula reveals several key findings.

There is a clear emphasis on developing comprehensive technological skills among educators,
moving beyond basic digital literacy to encompass a more integrated, practical application of
technology in pedagogy. Moreover, Innovative assessment methods, such as digital portfolios and
interactive simulations, are increasingly recognized for their effectiveness in evaluating technological
competencies. These methods offer a more holistic and authentic measure of teachers' abilities to
integrate technology in educational settings.

Finally, models like TPACK and SAMR, along with project-based and flipped classroom
approaches, are pivotal in embedding technology into curricula. Successful case studies highlight the
transformative potential of these models in enhancing computer science education, while challenges
point to issues like access and teacher preparedness.

Despite these insights, several gaps remain in the existing literature, which this research aims to
address. There is a need for more longitudinal studies to understand the long-term effects of
technology integration in education, particularly how it influences teaching practices and student
outcomes over time. Much of the current research is centered on specific educational contexts or
regions. More studies are needed to explore how technology integration and teacher competencies
vary across different educational settings, including under-resourced or rural areas. Furthermore,
while the importance of teacher competencies in technology is well-recognized, there is a gap in
literature on effective teacher training and professional development models that specifically cater to
these technological competencies. The majority of research focuses on technology integration in
STEM education, particularly computer science. There is a gap in exploring how technology can be
effectively integrated into non-STEM subjects. By addressing these gaps, the research aims to
contribute a more comprehensive understanding of technology integration in education, offering
insights that can inform policy, curriculum design, and teacher training programs.

Research methodology

The methodology of this study is designed to comprehensively evaluate the competencies required
for computer science teachers in the context of mobile technologies. Initially, a literature review
analyzes existing research on relevant competencies and educational platforms like Unity, Fusion,
and Unreal Engine. This phase aims to consolidate theoretical frameworks and existing knowledge
in the field. Subsequently, the study employed surveys and interviews to gather insights from a
practicing computer science teachers and mobile application developers. The insights gained from
two groups that allowed to understand the gaps between the industry demand and current
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competencies of the teachers. This approach ensures a practical perspective on the competencies
currently in use and those needed for future development.

This examination aims to identify gaps and areas for enhancement, particularly focusing on how
mobile technology competencies are integrated into existing educational frameworks.

After analyzing the collected data, a two-pronged approach were adopted. Quantitative analysis
processed statistical data from surveys to identify trends and commonalities. Complementing this,
qualitative analysis was delved into the data obtained from interviews, aiming to interpret and
understand the nuances and contextual applications of the competencies identified.

The expected outcomes of this research include the development of a detailed list of essential
competencies for computer science teachers in the field of mobile technology. Additionally, the study
aims to propose reliable and valid tools for the assessment of these competencies. Furthermore,
actionable suggestions for integrating these competencies into computer science education curricula
developed. The study, while comprehensive, acknowledges potential limitations. Rapid technological
changes may quickly render some findings outdated. Additionally, the limited availability of experts
and the subjective nature of some assessments could pose challenges to the comprehensiveness and
objectivity of the study. These limitations carefully considered throughout the research process to
ensure the validity and relevance of the findings.

Results of the study

In the findings section, an analysis of the survey responses from computer science teachers and
mobile application developers reveals insightful trends and specific needs in the realm of integrating
mobile technology into computer science education. In the beginning the insights gained from
practicing computer science teachers will be illustrated. 30 practicing teachers were surveyed to
reveal the following trends. Figure 3 shows the spectrum of confidence levels among computer
science teachers in integrating mobile technologies.

THE SPECTRUM OF CONFIDENCE LEVELS AMONG COMPUTER SCIENCE TEACHERS IN
INTEGRATING MOBILE TECHNOLOGIES

Wery confident

Somewhat confident

Mot very confident

Confidant with support'rescurces

Confident, but raquiras rezcurcas

Figure 3. Confidence in Integrating Mobile Technologies

While some teachers expressed high confidence (6), a significant portion indicated a need for more
training and resources. This implies that there is a significant room for improvement.

Moreover, to the question asking for challenges in using platforms like Unity, Fusion, Unreal
Engine, teachers answered in the following manner (Figure 4).

Figure 4 highlights the challenges teachers face with platforms like Unity, Fusion, and Unreal
Engine. Complex interfaces and lack of training were frequently mentioned, suggesting a disconnect
between the teachers’ current skills and the demands of these platforms.
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COMPLICATIONS OF TEACHERS FACE WITH PLATFORMS LIKE UNITY, FUSION
AND UNREAL ENGINE

9
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8
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6
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“ I l j 3
0

Complex interface Hardware Lack of training Limited resources No challenges Time constraints
limitations

number of respondents

Figure 4. Challenges in Using Platforms like Unity, Fusion, Unreal Engine

Figure 5 illustrates the diverse range of curriculum integration examples provided by teachers,
ranging from basic coding projects to advanced app design courses. This diversity indicates varied
approaches to integrating technology into the curriculum, catering to the unique learning needs and
interests of students across different levels of proficiency and engagement.

THE DIVERSE RANGE OF CURRICULUM INTEGRATION EXAMPLES PROVIDED BY TEACHERS

Basic coding projects I
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number of respondents
Figure 5. Examples of Mobile App Development in Curriculum

Finally, the fourth question of the survey, which aimed to identify the teacher perspective on which
additional training or resources were needed, revealed that the most requested resource was hardware
upgrades (7 responses), followed by advanced workshops (6 responses) and online courses (5
responses). Peer collaboration and more software licenses are equally needed (5 responses each), with
in-depth training sessions being the least mentioned (3 responses). This table highlights the key areas
where teachers seek additional support to effectively integrate mobile technology into their teaching.
To sum up, this reveals the demand for additional training and resources, such as advanced
workshops, online courses, and updated software tools. These needs highlight areas for improvement
in current educational practices and resources.

The data from survey questions collectively point to a nuanced landscape in computer science
education regarding mobile technology. The variance in confidence levels (Figure 3) suggests that
while some teachers are adapting well to technological integration, others may feel left behind due to
a lack of proper training or resources. Challenges cited in Figure 4, such as complex interfaces of
popular development platforms and a lack of hands-on projects, further highlight the need for
curricula that are more aligned with practical industry standards and teacher competencies. The range
of curriculum integration examples (Figure 5) underscores the creativity and effort of some educators
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but also hints at inconsistencies in approach and resource availability. Finally, the expressed need for
more in-depth training and modern tools (4™ question responses) underscores the gap between
existing educational practices and the rapidly evolving field of mobile technology.

These insights suggest that while strides have been made in integrating mobile technologies into
computer science education, there remains significant room for improvement, particularly in terms
of teacher training, resource allocation, and curriculum development. Addressing these areas could
lead to more consistent and effective integration of mobile technology into educational settings.

The findings from the survey responses of computer science teachers and mobile application
developers reveal distinct yet interconnected perspectives on the integration of mobile technology in
education. From the developers' side, the emphasis is on the competencies that teachers should
possess, such as proficiency in the latest coding languages and practical app development experience.
The developers highlight gaps in current educational approaches, notably the lack of real-world
problem-solving and an interdisciplinary approach, which are critical for students to thrive in the
modern tech landscape. Furthermore, industry trends such as the need for rapid adaptation to new
technologies and the growing importance of mobile security skills underline the necessity for
curricula that are not only current but also predictive of future technological directions.

The findings from the survey data (Figure 6) indicate that mobile application developers place a
high value on a range of competencies for computer science teachers specializing in mobile
technology.

HIGH VALUE ON A RANGE OF COMPETENCIES FOR COMPUTER SCIENCE TEACHERS

Understanding of user-centered design
Knowledge of multiple platforms
Knowledge of latest mobile technol ogies
Data security knowledge
Understanding of UVUX design
Understanding of cross-platform tools
Real-world app deployment experience
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Expertise in Al and ML for mobile
Cross-platform development skills
Agile development methodol ogies
Strong programming skills

Proficiency in latest coding languages
Practical app development experience
Advanced debugging skills
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Figure 6. Key Competencies for Teaching Mobile App Development

Core programming skills are evidently at the forefront, with 'Strong programming skills',
‘Proficiency in latest coding languages’, and 'Advanced debugging skills' each garnering three
mentions, suggesting a consensus on the importance of fundamental coding abilities in education.
Practical application is also highlighted, with 'Practical app development experience' being
emphasized by three developers, indicating the importance of hands-on, experiential learning.

Agility and adaptability in skills are considered significant but to a lesser degree, with 'Agile
development methodologies', 'Cross-platform development skills', and 'Understanding of cross-
platform tools' receiving two mentions each. These responses reflect the industry's appreciation for
versatility in working across different platforms and methodologies.

Emerging technologies like 'Al and ML for mobile’ and ‘Cloud integration’ are also recognized as
important areas of expertise, though they are not as heavily emphasized, with two developers
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mentioning each. This suggests a growing trend in the need for integrating advanced technological
trends into the curriculum. Notably, 'Data security knowledge’, ‘Knowledge of latest mobile
technologies', 'Knowledge of multiple platforms', and 'Understanding of user-centered design’ were
identified by a single developer each, which may indicate these areas are seen as more specialized or
assumed to be encompassed within broader skill sets.

Overall, the diversity of responses underscores the need for a comprehensive approach to teacher
competencies in computer science, blending foundational programming skills with an adaptable,
practical, and forward-looking educational framework that reflects the multi-faceted nature of mobile
application development.

The synthesis of the findings of Figure 7 suggests that while computer science teachers are eager
to enhance their technical competencies and integrate mobile technology into their curricula, they
require more structured support to meet industry standards. Developers, on the other hand, see vast
room for improvement in educational practices and advocate for active collaboration between the
tech industry and educational institutions. This collaboration could lead to a more dynamic
educational framework that is responsive to the rapid evolution of mobile technology and prepares
students for the challenges and opportunities of the digital world.

COMPUTER SCIENCE TEACHERS REQUIRE MORE STRUCTURED
SUPPORT TO MEET INDUSTRY STANDARDS

Insufficient focus on user experience
Insufficient focus on security

Not up-to-date with latest tech trends
Limited exposure to industry tools
Outdated curriculum

Not enough real-world problem-solving
Lack of interdisciplinary approach

Lack of hands-on projects

Focus too narrow on certain technologies

number of respondents
Figure 7. Gaps in Current Educational Approaches

The data presented indicates in Figure 8, a clear recognition among mobile application developers
of the key impacts of industry trends on education. Security and privacy concerns are uniformly
emphasized, with equal importance given to the need for mobile security skills, data privacy, and
ethics, which each received four mentions. This uniformity suggests that the industry sees these areas
as increasingly critical in the educational preparation of future professionals.

Equally noted is the 'Need for updated content' and 'Rapid adaptation to new technologies
required’, also with four responses, highlighting the dynamic nature of the tech industry and the
expectation that educational content should be timely and evolve at pace with technological
advancements. The 'Shift towards hybrid apps' is another trend with four responses, reflecting the
industry's move towards more versatile and platform-agnostic applications.

Slightly less emphasized, but still noted by developers, are the 'Greater focus on user experience'
and 'Shift towards Al-driven development’, each with three responses. This suggests that while these
areas are indeed considered important, they might be viewed as emerging trends that supplement the
core skills and knowledge areas.

The survey data of Figure 9 regarding collaboration opportunities reveal that mobile application
developers see a variety of ways to engage with educational institutions.
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THE PRINCIPAL INFLUENCES OF INDUSTRY TRENDS ON EDUCATIONAL PRACTICE
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Figure 8. Impact of Industry Trends on Education

VARIETY OF WAYS TO ENGAGE WITH EDUCATIONAL INSTITUTIONS BY COLLABORATION
OPPORTUNITIES

Access to advanced development tools

Guest lectures by industry experts
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Figure 9. Collaboration Opportunities

The leading areas for potential collaboration, each with four mentions, include providing access
to advanced development tools, guest lectures by industry experts, hackathons and coding
competitions, internships and industry projects, technology donations and grants, and workshops with
industry professionals. This indicates a strong desire for a hands-on, practical approach to education
that aligns closely with current industry practices and tools.

Slightly less emphasized but still regarded as significant are co-development of teaching materials
and joint research initiatives, each noted by three respondents. These areas suggest an interest in more
deeply integrated partnerships that extend beyond immediate educational experiences into
collaborative content creation and exploratory research, potentially blurring the lines between
academic learning and industry practice. In sum, there's a consensus among developers that
meaningful engagement with the tech industry can significantly enrich the educational landscape.
They advocate for a multi-faceted collaboration that not only enhances the practical skills of students
but also contributes to the resources and curriculum offered by educational institutions, ensuring that
the training provided is relevant and up-to-date.
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Discussion

The discussion addresses the initial research objectives, which sought to determine key
competencies for computer science teachers, develop methods for assessing these competencies, and
form recommendations for integrating them into curricula.

Teachers' varied confidence levels in integrating mobile technologies underscore a pressing need
for targeted professional development, aligning with the objective to assess and enhance teacher
competencies. The challenges they face, notably the complex interfaces of advanced development
platforms and a scarcity of practical application opportunities, reflect the necessity for curricular
reform. The educators’ call for updated tools, advanced workshops, and peer collaboration resonates
with the objective to not only identify but also resource these competencies effectively.

Developers' perspectives complement these findings by delineating specific competencies such as
proficiency in coding and real-world application experience. Their emphasis on the growing need for
mobile security skills and updated content reflects the rapid evolution of the mobile tech industry,
which educational curricula must match. The responses further suggest an industry expectation for
educational institutions to produce graduates who are not only technically adept but also capable of
navigating the ethical and practical challenges of the tech landscape.

The shared advocacy from both teachers and developers for collaboration points to a collective
recognition that the integration of industry expertise into educational frameworks is vital. Developers
identify concrete collaborative opportunities, such as internships and workshops, which could serve
as real-world platforms for competency development, addressing another research objective.

Moreover, it is evident that a strategic approach is necessary — one that considers teacher
development, curricular updates, and industry-academia partnerships. By focusing on these areas, the
research aligns educational practices with industry requirements, ensuring that future computer
science educators are equipped to deliver a relevant and robust mobile technology education.

Conclusion

Based on the findings and discussions outlined, the following recommendations can be made for
the development of curriculum in computer science education, particularly for integrating mobile
technology competencies:

- Incorporate real-world tools and practices by updating the curriculum to include hands-on
experience with industry-standard development platforms. Ensure that teachers and students have
access to the latest tools and are familiar with current industry practices.

- Provide ongoing professional development opportunities focused on the latest mobile
technology trends, programming languages, and application development practices. Encourage
participation in advanced workshops, online courses, and peer collaboration sessions.

- Integrate project-based learning and capstone projects that require students to develop and
deploy mobile applications, fostering practical skills and real-world problem-solving abilities.

- Given the industry emphasis on security and privacy, embed comprehensive modules on data
security, privacy, and ethics in mobile technology into the curriculum.

- Embrace interdisciplinary learning by encouraging interdisciplinary approaches by combining
computer science education with other subjects such as design thinking, user experience (UX), and
business strategies to provide a holistic understanding of mobile application development.

- Strengthen industry collaboration and develop partnerships with tech companies to facilitate
guest lectures, internships, technology donations, and collaborative projects that can provide students
with insights into the mobile tech industry.

- Curriculum co-development by involving industry professionals in the curriculum design
process to ensure that the content is aligned with current and future industry needs.

- Create a flexible curriculum framework that can be rapidly adapted to accommodate new
technologies and industry trends.

- Secure necessary resources, such as advanced development tools and hardware, to support an
up-to-date learning environment.
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- Encourage and support joint research initiatives between academia and industry to explore
innovative mobile technology applications and pedagogical strategies.

By implementing these recommendations, educational institutions can ensure that their computer
science curriculum remains relevant, comprehensive, and responsive to the fast-paced changes in
mobile technology, thereby preparing students for successful careers in the field.
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