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Abstract

This study explores how integrating the FizziQ mobile application into lesson
planning processes influences the development of preservice science
teachers’ (PSTs) TPACK-21 competencies. This inquiry relied on a mixed-
methods approach, where a single-group pre- and post-test design was
complemented by qualitative data derived from both individual interviews
and focus group sessions. The sample comprised 46 PSTs enrolled in a
science education program at a public university in Turkiye. Following an
initial assessment, PSTs were introduced to the 5E instructional model and
the FizziQ application, and subsequently engaged in designing and
implementing lesson plans supported by mobile technologies. The findings
show a clear increase in TPACK-21 scores after working with FizziQ. In
addition, qualitative data suggest that the use of FizziQ encouraged more
inquiry oriented and student centered instructional approaches, while also
revealing certain challenges related to usability and curriculum alignment.
These results suggest that smartphone based learning tools such as FizziQ
can support the development of integrated technological and pedagogical
competencies in science teacher education, particularly when embedded
within structured instructional frameworks.

Keywords: Educational technology, FizziQ, mobile application, preservice
science teachers, TPACK-21.

Resumen

Este estudio analiza coémo la integracion de la aplicacion movil FizziQ en los
procesos de planificaciéon de clases influye en el desarrollo de las
competencias TPACK-21 de los futuros docentes de ciencias. Para ello, se
adoptd un enfoque de métodos mixtos, combinando un disefio de grupo
unico con pretest y postest con datos cualitativos obtenidos mediante
entrevistas y un grupo focal. Los participantes fueron 46 futuros docentes
de ciencias matriculados en un programa de educacién cientifica en una
universidad publica de Turkiye. Tras una evaluacion inicial, se present6 a
los participantes el modelo instruccional 5E y la aplicacion FizziQ;
posteriormente, disefiaron e implementaron planes de clase apoyados en
tecnologias moviles. Los resultados muestran un aumento claro en las
puntuaciones TPACK-21 después del trabajo con FizziQ. Ademas, los datos
cualitativos sugieren que el uso de FizziQ favorecié enfoques de ensefianza
mas orientados a la indagacién y centrados en el estudiante, aunque
también puso de manifiesto ciertos desafios relacionados con la usabilidad
y la alineacion curricular. En conjunto, estos resultados indican que
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herramientas de aprendizaje basadas en teléfonos inteligentes, como
FizziQ, pueden apoyar el desarrollo de competencias tecnolégicas vy
pedagdgicas integradas en la formacion inicial del profesorado de ciencias,
especialmente cuando se incorporan dentro de marcos instruccionales
estructurados.

Palabras clave: Aplicacion movil, FizziQ, formacion inicial del profesorado
de ciencias, tecnologia educativa, TPACK-21.

Introduction

In recent years, digital technologies have increasingly reshaped how teaching and
learning take place across educational contexts. In today’s knowledge driven
society, education must cultivate students’ 21st-century skills cognitive,
metacognitive, social, and technological competencies that promote creativity,
collaboration, self regulation, and problem solving (Voogt & Roblin, 2012). Science
teachers play a key role in developing all competencies by designing student-
centered, inquiry-based, and technology-enriched learning environments. It is not
easy to fully integrate 21st-century skills into science classes. While critical thinking
stands out in particular, students’ proficiency in technology use, collaboration, and
problem-solving remains at a more limited level (Ugur & Sungur, 2021). Within the
context of current trends, the use of artificial intelligence tools alone is not sufficient
to develop 21st-century skills (Gdkge & Nacaroglu, 2026). Recent OECD (2018,
2025) reports further highlight that digital and mobile technologies enable teachers
to personalize instruction, enhance engagement, and strengthen digital pedagogical
competence. These reports emphasize that mobile supported teaching not only
enhances instructional quality but also fosters lifelong learning skills, key
components of 21st-century education.

Theoretical Framework: TPACK and TPACK-21

The Technological Pedagogical Content Knowledge (TPACK) framework proposed
by Mishra & Koehler (2006) provides a conceptual model for understanding how
teachers integrate technology with pedagogy and subject matter. This integration is
considered a key factor in effective teaching performance (Aleman-Saravia et al.,
2023). Building on this foundation, the expanded TPACK-21 framework integrates
21st-century learning dimensions that encompass skills such as collaboration,
innovation, self-regulation, and digital literacy (Valtonen et al., 2017). Recent studies
show a clear increase in global TPACK research, with growing attention to
technology integration, digital competence, and teacher professional development
(Ergun & Uzuner, 2026). The TPACK-21 model has been shown to have a positive
impact on student learning outcomes across various educational stages and
disciplines (Hu et al., 2025), while enhancing teachers’ ability to design technology
rich and student centered instruction (Nanola et al., 2024; Teknowijoyo et al., 2024).
However, scholars emphasize that successful implementation of TPACK-21
requires consideration of contextual factors, including subject nature, teaching
method, duration, and cultural context (Alawadh et al., 2019; Diamah et al., 2022;
Ergun & Uzuner, 2026; Hu et al., 2025). Technology use does not necessarily
improve instructional outcomes unless it is supported by teachers’ PCK and
integrated TPACK competencies (Ng et al., 2025). Recent studies suggest that
TPACK-21 can support teachers in developing organizational capacity and
adaptability, while also encouraging more innovative teaching practices and digital
learning ecosystems (Guo, 2021; Karaduman & Akman, 2024). While
Chai et al. (2013) noted that a lack of technological knowledge directly affects
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TPACK-21 levels, Albayrak Sari et al. (2016) found a positive relationship between
TPACK competencies and attitudes toward information and communication
technologies (ICT) among teachers in various fields. Taken together, these studies
point to the increasing role of TPACK-21 in teacher education. In particular, it helps
teachers integrate technology into their teaching, support inquiry-based learning,
and respond to changing technological demands (Dzakia et al.,, 2023;
Miguel-Revilla et al., 2020).

Although the number of studies on TPACK and mobile learning is steadily
increasing, important gaps remain in the literature. Existing studies have largely
focused on student learning outcomes or teachers’ self-perceived digital
competencies, rather than examining how preservice teachers transform their
pedagogical practices during authentic lesson design processes (Aslan et al., 2025;
Kaya Yatar & Ergun, 2024; Valtonen et al., 2017; Voogt & Roblin, 2012). In
particular, empirical studies that investigate the integration of mobile
experimentation tools within the TPACK-21 framework in the context of lesson
planning are still limited. This gap highlights the need for research that explores how
emerging mobile technologies can support preservice science teachers (PST) in
developing integrated technological, pedagogical, and content knowledge through
practice based experiences.

Mobile Applications in Science Education

In science education, mobile applications have gained increasing importance due to
their potential to transform traditional instruction into inquiry based, data driven, and
interactive experiences. Applications such as FizziQ (Chazot & Delabre, 2025) allow
both teachers and students to collect, visualize, and analyze real time data using
smartphones’ built-in sensors (accelerometer, gyroscope, light, and sound
detectors). Such tools promote conceptual understanding by bridging the gap
between abstract theories and concrete experimentation (Crompton et al., 2016;
Zydney & Warner, 2016). Meta analytic findings have revealed that the use of mobile
applications significantly enhances student achievement and engagement in
science, particularly in physics education, where they foster intellectual development
and sustained interest (Zharylgapova et al., 2025). Similarly, integrating mobile
technologies into laboratory activities has been shown to strengthen students’ digital
literacy and attitudes toward technology use, contributing to more effective and
inclusive learning environments (Urek, 2024). Studies also demonstrate that mobile
learning environments enhance students’ scientific process skills, motivation, and
contextualized understanding (Widowati & Tyas, 2024). Furthermore, mobile
applications democratize access to experimentation, making them particularly
valuable in schools with limited laboratory facilities (Basaran, 2020). Within this
context, FizziQ stands out as an innovative tool that supports the design of student
centered, inquiry-based, and technology integrated lessons in alignment with 21st-
century learning goals.

Despite the growing interest in mobile applications in science education, several
limitations can be identified in the existing literature. Many studies primarily focus on
student outcomes such as achievement, motivation, or engagement, while offering
limited insight into how teachers integrate these technologies into pedagogical
design processes. Moreover, research often examines the use of mobile
applications in isolated instructional activities rather than within comprehensive
frameworks such as TPACK-21. As a result, there remains a need for studies that
explore how mobile technologies can support the development of integrated TPACK
in authentic teaching contexts.

231


https://revistaeduweb.org/

@€Eduweb

https://revistaeduweb.org/
ISSN: 1856-7576

Open Acces

Este articulo no presenta ningun
conflicto de intereses. Este articulo
estd bajo la licencia Creative
Commons Atribucion 4.0
Internacional (CC BY 4.0). Se
permite la reproduccion,
distribucion y comunicacién publica
de la obra, asi como la creacion de
obras derivadas, siempre que se
cite la fuente original.

Creative Commons Attribution 4.0
Internacional (CC BY 4.0)

Pedagogical innovation in science teacher education: Integrating FizziQ to develop TPACK-21. -

Eduweb, 2026, abril-junio, v.20, n.2. / 229-252

The Purpose of the Study

The primary aim of this study is to explores how the integration of the FizziQ mobile
application into the lesson planning processes influences the development of PSTs
TPACK levels within the framework of 21st-century skills (TPACK-21). To address
this aim, the study is guided by the two following research questions:

RQ1. How does the use of the FizziQ mobile application in lesson plan design affect
PSTs’ TPACK-21 levels?
RQ2. What are the PSTs’ perceptions of the FizziQ mobile application?

Methodology
Research Design

This study employed a mixed methods research design. The quantitative strand
explored changes in PSTs’ TPACK-21 levels before and after the intervention. On
the other hand, the qualitative strand focused on understanding PSTs’ perceptions,
experiences, and reflections about using FizziQ during lesson plan development. A
mixed-methods design was considered appropriate for this study, as it allows for
combining quantitative results  with in-depth qualitative insights
(Creswell & Clark, 2016).

The quantitative strand followed a pre and post-test single group design, which is
considered a weak experimental design due to the absence of a control group.
Although this design limits the ability to make strong causal inferences, it is
appropriate for exploring changes within a specific group over time and is commonly
used in educational intervention studies where random assignment is not feasible.
Given the absence of a control group, the quantitative findings are better understood
as indicative rather than causal. The observed changes may reflect not only the
influence of the intervention but also other factors such as practice effects, increased
familiarity with the measurement instrument, or concurrent learning experiences
during the course. This approach ensures a comprehensive examination of mobile
technology's role in advancing science education within contemporary teacher
preparation programs.

Context and Participants

The study group consisted of 46 PSTs enrolled in the last year of a science
education program at a public university in Turkiye. Participants were selected
through purposeful sampling, as they had already completed foundational courses
in science teaching methods and were concurrently enrolled in a course focusing on
technology integration in science education. This ensured that participants
possessed a sufficient background in both content and pedagogy to meaningfully
engage with the FizziQ mobile application during the lesson planning process. Prior
to data collection, all participants were informed about the purpose and procedures
of the study, and their voluntary participation was ensured through informed consent.
Ethical approval was obtained from the university’s ethics committee before the
commencement of data collection.

Quantitative Data Collection

In order to measure PSTs’ TPACK within the scope of 21st-century skills, the
TPACK-21 scale was employed. The scale was originally developed by
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Valtonen et al. (2017) and comprises 38 items spread out in seven sub factors
(PK21, TK, CK, PCK21, TPK21, TCK, and TPACK). Each item was measured on a
six point Likert scale from “I have very good knowledge” to “| am in great need of
additional knowledge”. The original validation study reported a high reliability
coefficient (Cronbach’s Alpha = .974), with factor loadings ranging between .71 and
.88, indicating strong internal consistency and construct validity. The scale was later
adapted into Turkish by Alpaslan et al. (2021), who confirmed the psychometric
soundness of the instrument in the Turkish cultural context. Rasch analysis
produced person and item reliability coefficients of .90 and .91, both exceeding the
recommended threshold of .70. Factor loadings ranged from .71 to .86,
demonstrating strong correlations between items and their respective latent
constructs. These results collectively confirm that both the original and adapted
versions of the TPACK-21 scale are reliable and valid tools for assessing preservice
teachers’ knowledge of technology integration within the framework of 21st-century
skills.

Qualitative Data Collection

The qualitative data collection phase of the study was conducted in two
complementary stages. In the first stage, individual interviews were carried out using
a semi structured interview form consisting of 12 open ended questions. Details of
the interview questions are available in Appendix 1. These questions were designed
to elicit PSTs’ views on the advantages and disadvantages of using the FizziQ
application, its impact on the use of assessment techniques, and its contribution to
their TPACK-21 levels. In the second stage, a focus group interview was organized
to explore three critical themes in greater depth: experiences in preparing lesson
plans, the professional contributions of the application, and the benefits it provides
in terms of assessment and teaching methods (Appendix 2). During this session,
participants were asked questions regarding the process of creating their individually
prepared lesson plans, the benefits and challenges of using the application as PST,
and its contributions to assessment practices. This approach increased the validity
and reliability of the findings by triangulating the data, while adding a more holistic
perspective to the research question.

FizziQ Mobil Application

In this research, we used the new mobile application FizziQ. This is a mobile
application that converts students’ and teachers’ smartphones as well as tablet
computers into transportable science labs. Its compatibility in 20 languages and
being offered for free make it appropriate for use among physics and science
education mobile applications (Chazot & Delabre, 2025). FizziQ is a data collection,
visualization, and analysis tool specifically for physics and science education. It
utilizes the in-device sensors, such as a tablet or smartphone, as a data collection
device (Delabre, 2022). It, for instance, utilizes sensors such as gyroscopes,
accelerometers, a microphone, and light sensors utilized in physics lessons to
access real time data as well as make graphical displays from this data (Figure 1).
It also possesses an interactive learning environment in case the user wants to
design as well as share their own experiment (Ergun & Delabre, 2026). Through
these functionalities, the FizziQ mobile application emerges as a pedagogical
application that enhances inquiry based as well as experimental methods in science
education.
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Figure 1. FizziQ application's main screen shows available instruments and tools
Procedure

The implementation process spanned nine weeks. In the first week, the TPACK-21
scale was administered as a pre-test, followed in the second week by an introduction
to the 5E learning cycle model and the FizziQ mobile application. Between weeks
three and six, PSTs designed lesson plans integrating the FizziQ app within the 5E
framework in alignment with current science curriculum learning outcomes. They
implemented these lesson plans in middle school science classes where they were
serving as preservice teachers during their teaching practicum (Appendix 3). In the
seventh week, the TPACK-21 scale was administered again as a post-test. Finally,
qualitative data were collected through semi-structured interviews in week eight and
a focus group interview in week nine.

Data Analysis TPACK-21 Scale

To examine the suitability of the TPACK-21 scale for factor analysis, the Kaiser-
Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity
were conducted. As shown in Table 1, the KMO value was .642, exceeding the .60
threshold, and Bartlett’s test yielded a significant chi-square value (x*(703)=1885.03,
p<.001), confirming the appropriateness of the data for factor analysis.
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Table 1.
KMO and Batrtlett’s test results

Test Value
KMO Measure of Sampling Adequacy .642
Bartlett's Test of Sphericity x* (df = 703), p 1885.03, p <.001

Exploratory factor analysis revealed a seven factor structure that accounted for
78.63% of the total variance, which is well above the 50% threshold typically
considered acceptable for construct validity. The factor loadings met the
recommended .45 criterion (Field, 2009; Tabachnick & Fidell, 2013), and the
differences across factors were greater than .10, indicating a clear and distinct factor
structure (Hair et al., 2019).

Table 2.
Reliability coefficients of TPACK-21
Subscale Pre-test Post-test
PK21 .894 .908
TK .899 .907
CK .871 .856
PCK21 913 .909
TCK .901 .945
TPK21 .897 .918
TPACK .925 .947

Table 2 shows that the reliability coefficients of the scale’s sub factors ranged from
.871 to .925 in the pre-test and from .856 to .947 in the post-test. This results
demonstrate that the sub factors are composed of items that reliably measure the
same construct. Item total correlation analysis further supported this finding, with all
items showing coefficients above .30, demonstrating strong discrimination and
confirming that participants interpreted and responded to the items as intended.
Overall, these findings confirm that the TPACK-21 scale is both valid and reliable in
the context of this study. In the quantitative phase, a paired samples t-test was
applied to compare pre and post-test scores on the TPACK-21 scale. In addition to
statistical significance, effect sizes were calculated using Cohen’s d to determine
the magnitude of the observed differences between pre-test and post-test scores.
Effect size interpretation followed Cohen’s (1988) criteria, where 0.20 is considered
small, 0.50 medium, and 0.80 large. This test, appropriate for repeated
measurements on the same group, assumes normality of the data, which was
examined prior to the analysis (Pallant, 2020).

Qualitative Data Analysis

In the analysis of the qualitative data, the responses to the semi structured interview
questions were examined through thematic coding and organized into themes,
categories, and codes. For the analysis of the focus group data, responses obtained
through the questions included in the focus group form were systematically
examined. In the first stage, audio recordings of the approximately 60 minute
session with PST were transcribed. The transcripts were then analyzed
collaboratively by the researcher, a graduate student in science education, and a
field expert, resulting in the identification of themes, categories, and codes. To
ensure reliability, inter coder agreement was calculated (Miles & Huberman, 1994).
In this study, 36 codes were agreed upon and 6 were disputed, yielding an inter
coder reliability coefficient of 86%. These procedures ensured that the coding
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Findings
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Table 3.
t-test results of TPACK-21 sub factors
Sub-factor Pre-test M Post-test M t df p Effect
(SD) (SD) size (d)
PK 27.00 (6.16) 33.04 (4.40) -7.91 45 .000 1.08
TK 14.70 (4.05) 17.24 (3.50) -4.73 45 .000 0.64
CK 12.52 (4.08) 15.74 (3.47) -5.43 45 .000 0.83
PCK 21.76 (5.38) 27.00 (4.12) -7.39 45 .000 1.06
TPK 19.50 (4.99) 27.17 (4.98) -10.16 45 .000 1.54
TCK 12.72 (3.85) 17.30 (3.46) -9.27 45 .000 1.26
TPACK 21.76 (5.97) 30.74 (5.26) -10.22 45 .000 1.60

The results of the paired-samples t-test show clear improvements across all sub factors
of the TPACK-21 scale. Specifically, mean scores increased from pre to post-test in PK
(M =27.00 to 33.04), TK (M =14.70 to 17.24), CK (M = 12.52 to 15.74), PCK (M = 21.76
to 27.00), TPK (M = 19.50 to 27.17), TCK (M = 12.72 to 17.30), and overall TPACK
(M = 21.76 to 30.74). In all cases, the paired samples t-test revealed statistically
significant differences (p<.001). These findings suggest that the intervention was
associated with improvements in PSTs’ TPACK levels. However, these improvements
need to be interpreted with caution, as the study design does not allow for isolating the
specific effect of the intervention. One possible explanation for this improvement is that
the integration of FizziQ within the 5E instructional model provided PST with structured
opportunities to actively engage in technology supported lesson design. This hands-on
and inquiry based experience may have facilitated the meaningful integration of TPACK.
In addition, Cohen’s effect size values presented in Table 3 show that the observed
differences range from medium to very large, suggesting that the use of the application
has a significant practical effect. This suggests that the integration of the FizziQ mobile
application not only resulted in statistically significant improvements but also had a strong
practical impact on PST's TPACK. These results should therefore be understood as
reflecting a strong association between the intervention context and the observed
outcomes, rather than direct causal evidence.

Qualitative Findings on the FizziQ Application

The qualitative findings, obtained from the semi-structured interviews conducted with
PST, were grouped into three themes derived from the twelve interview questions. The
first theme, informed by seven questions, highlights the perceived advantages and
challenges of using FizziQ in lesson planning. The second theme, based on two
questions, focuses on the theme’s influence on assessment practices. The third theme,
drawn from three questions, explores the contribution to the development of PST's
TPACK.
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Advantages and Challenges of Using FizziQ

The first theme focuses on PSTs’ perceptions of the advantages and challenges
associated with using the FizziQ mobile application during lesson plan preparation. Their
responses highlight both the pedagogical benefits and the limitations encountered in
practice. Based on the qualitative findings presented in Table 4, two main categories of
advantages emerged from the PSTs’ views: lesson preparation and delivery, and
physical environment.

Within the first category, PST emphasized that using the FizziQ encouraged more
student centered and participatory learning, enhanced motivation, and facilitated game
based and inquiry oriented teaching practices. They also reported that FizziQ helped
them better understand learning stages, promoted scientific literacy through the
interpretation of data in tables and graphs, and supported the integration of various
instructional methods and techniques. Furthermore, PSTs noted that FizziQ contributed
to lowering cognitive load by enabling students to experiment and learn through practice.
The second category, physical environment, focused on the practical benefits of the
application. PSTs asserted that FizziQ could be used directly without additional tools,
allowed for more efficient lesson time management, and was especially useful when
material preparation posed challenges. In addition, they stated that the FizziQ helped
create portable, laboratory like environments, particularly in settings with limited
resources.

Table 4.
Advantages of using FizziQ

Theme | Category Code lllustrative Quote
Student centered | PST2: “By using the application, | was able to organize

activities student-centered activities in my lesson plan to increase
retention.”

Participation PST7: “It can be used for methods that enhance student
participation and develop observation skills.”

Motivation PST29: “Since it is an application where students can use

technology in the digital age, their motivation increases.”
Game based | PST17: “By gamifying situations we can relate to daily life
learning with a good scenario, it may help us create game-based
learning environments.”
PST40: “By deciding at which stage of the 5E model the
application can be used, it helps students understand the
importance of these stages in the learning process.”
PST42: “It can be said to enhance scientific literacy in
terms of using tables and graphing tools.”
PST2: “It enables students to conceptualize data sets at
a cognitive level and visualize them in their minds.”
Different methods | PST28: ‘It is open to collaborative learning and diverse
and techniques techniques such as brainstorming.”
Cognitive load PST31: “Allowing students to practice through trial-and-
error reduces cognitive load.”
PST38: “Being able to take measurements from abstract

Learning stages

Literacy

Data set analysis

Lesson preparation and delivery

Advantages

Direct usability

= to concrete and use the app directly without extra tools
g creates effective learning opportunities.”

5 Lesson time PST7: “Varying lesson delivery and using time efficiently
= can boost productivity and reduce the limits of traditional
5 teaching methods.”

o Material PST11: “It’s helpful when preparing materials is difficult
% preparation or when testing pre-made ones.”

2 Portable PST25: “In schools without laboratories or with
o laboratory insufficient laboratory equipment, it can serve as an

effective support for teachers.”

In relation to the disadvantages, two main categories were identified, similar to those
in the advantages. Within the first category, PST reported several limitations
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regarding the use of FizziQ in lesson planning. They mentioned reduced usability,
particularly having to repeat measurements that required navigating multiple menus,
as well as the limited availability of measurement tools such as stopwatches and
thermometers. Additionally, some participants noted difficulties in aligning the
application with the middle school science curriculum, as its functions were
perceived to be overly detailed for that level. The second category, physical
environment, referred to contextual challenges specifically, how environmental
conditions, such as room brightness, could interfere with sensor accuracy and
require additional adjustments during experiments. These findings are summarized
in Table 5.

Table 5.
Disadvantages of using the FizziQ

Theme Category Code lllustrative Quote
Lesson Usability PST46: “Using a sensor with
preparation and graphical output required re-entering
delivery the menu for each measurement,
which reduced usability and wasted
time.”
® Measurement PST2: “Sensors such as a
g tools chronometer, thermometer, or
8 speedometer are missing.”
g Science PST7: “The application felt too
kS curriculum detailed for middle school, so |
§ struggled to align it with the science
curriculum.”
Physical Environmental PST10: “During the activity, | noticed

that environmental factors like room
brightness affected the
measurements and adjusting them
took extra time.”

environment factors

FizziQ and Assessment Practices

The second theme explores PST’s views on how the use of FizziQ influenced their
assessment and evaluation practices. As presented in Table 6, three main
categories were identified: variety of tools, individualized assessment, and
efficiency. PSTs articulated that the application encourages the use of various
assessment methods and supports flexibility in measuring learning outcomes. They
also praised that FizziQ offers valuable opportunities for personalized assessment.
Through the application, students could design their own experiments, analyze data,
and make the process more meaningful and lasting. Furthermore, the application
was found to improve assessment efficiency. As pupils understood the lessons
better, they could recall information more easily, which made the evaluation process
smoother and faster. These results together highlight FizziQ's potential as a flexible
tool for facilitating both formative and summative assessment.
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Table 6.
Assessment Practices with FizziQ

Theme Category Code lllustrative Quote

Different Variety of tools PST11: “This application encourages
@ assessment teachers to use different methods at the
2 tools assessment and evaluation stage.”
8 Personalized | Individualized PST40: “Allowing pupils to design their own
S assessment | assessment experiments and interpret data instead of
g doing traditional homework makes learning
g more engaging, lasting, and meaningful.”
@ Efficiency Effectiveness PST3: “When students understand the
@ lesson better, they recall information more
< easily during assessment, making the

evaluation process more efficient.”
FizziQ’s Contribution to TPACK

The third theme focuses on the impact of using FizziQ on PST’s TPACK
development. As shown in Table 7, the application contributed to five impacts of
TPACK: content knowledge, technological pedagogical knowledge, mobile learning
environments, interactive tools, and curriculum integration. PSTs reported that
features such as motion video analysis enhanced their ability to collect and analyze
data, supporting content knowledge development. They also noted that FizziQ'’s
portability as a mobile laboratory facilitated more effective lesson delivery and
provided an accessible environment for technology supported teaching.
Furthermore, the use of multiple sensors and real life connections helped make
abstract concepts more concrete, thereby strengthening the interaction between
TPK. Finally, several participants emphasized that integrating FizziQ into lesson
delivery expanded their understanding of curriculum design and implementation,
enhancing their pedagogical knowledge.

Table 7.
Effects of FizziQ on PST’s TPACK

Theme Code
Content knowledge

lllustrative Quote

PST15: “The motion video analysis
feature makes it easier to collect and
analyze data. As a preservice teacher, |
think this convenience helps improve my
content knowledge.”
learning | PST5: “Having the application as a

portable lab always available supports me

in delivering lessons more effectively.”
Technological pedagogical | PST3: ‘It helped me make abstract
knowledge concepts concrete and strengthened the
interaction between my technological and
pedagogical knowledge.”
PST4: “Using multiple sensors in one app
helped me show how science connects to
daily  life,  which  improved my
technological pedagogical knowledge.”
PST1: “I had never used a mobile app in
lesson delivery before, and this
experience enhanced my pedagogical
knowledge about curriculum integration.”

Mobile
environments

Interactive tools

Impact on TPACK levels

Curriculum integration
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Focus Group Findings on FizziQ

Through thematic analysis, three main themes were identified (Figure 2): Teaching
learning process, technology integration, and 21st-century skills. These themes
represent PSTs’ shared perspectives on how FizziQ supported instructional design,
enhanced technology based teaching practices, and contributed to the development
of competencies aligned with 21st-century science education.

Teaching Learning Process

Focus Group Interview Themes Technology Integration

~ N\ 21st-Century Skills

Figure 2. Focus group interview themes

Teaching Learning Process

Findings from the focus group analysis revealed that the use of FizziQ positively
shaped PSTs’ views on the teaching learning process. As shown in Figure 3,
participants emphasized that the app supported effective lesson planning and
fostered innovative pedagogical design. It was reported to enhance creativity and
innovation by encouraging experimentation and the integration of interactive, sensor
based, and game like activities. Moreover, FizziQ was seen to connect scientific
concepts to everyday life, promote cultural literacy, and motivate teachers to design
lessons suitable for both classroom and outdoor settings. Collectively, these findings
suggest that the application strengthened PSTs’ ability to plan and implement
student centered, technology enhanced science lessons.

Lesson plans

Designing materials
__Methods
Everyday life

Cultural literacy
\_7 Learning innovations

Creativity

Innovative Pedagogical Design

Supporting outdoor education
Alternative A&E
O——___ Learning difficulties

Teaching Learning Process

Assessment and Evaluation

Interdisciplinarity

. Classroom management
Student Interaction
—___Knowledge construction

Unsupervised use
Cooperative learning

Figure 3. Teaching learning process theme

The second theme, assessment and evaluation, reflects PSTs’ views on how FizziQ
contributed to both formative and summative assessment practices. As presented
in Figure 3, the app facilitated alternative assessment techniques, enabling users to
design diverse tools such as data diagrams, lab reports, and performance based
tasks. These methods supported a more authentic evaluation of pupils’ scientific
reasoning and inquiry skills. In addition, FizziQ was found to make assessment
processes more inclusive by allowing adaptations for pupils with learning difficulties.
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Overall, the integration of FizziQ was perceived to enhance assessment literacy and
promote evidence based, student centered evaluation.

The third theme, student interaction, centers on how the FizziQ application
influenced participation, collaboration, and communication in classroom contexts.
As illustrated in Figure 3, the app increased engagement, enabling students to
interact actively with both peers and scientific content during experiments. The
inclusion of interdisciplinary connections such as linking physics to traffic safety
made lessons more meaningful and relatable. PST also reported that FizziQ
improved classroom management by maintaining pupil attention through hands-on,
real time measurements. Moreover, the FizziQ fostered collaborative learning and
knowledge construction, encouraging teamwork even among pupils who typically
struggled with focus or participation. While some PSTs mentioned minor challenges,
such as potential distractions during unsupervised use, the overall perception was
that FizziQ effectively promotes interactive, cooperative, and student centered
learning environments in science education.

Technology Integration

The theme technology integration examines how PST implemented the FizziQ
mobile application within their lesson design and teaching practice. As illustrated in
Figure 4, the app enriched their instructional experience by enhancing problem
solving, experiential learning, and curriculum alignment with the 5E model. Some
noted challenges, such as the effect of environmental brightness on measurement
accuracy, led them to develop practical solutions, like repeating experiments under
controlled lighting conditions. Additionally, FizziQ was described as a valuable
technological tool for promoting scientific literacy, facilitating data visualization, and
simulating virtual laboratories. PST emphasized its effectiveness in improving lesson
efficiency and helping students understand abstract scientific concepts through
hands-on experimentation. Importantly, the app provided meaningful learning
opportunities even in schools with limited laboratory resources, enhancing material
diversity and accessibility. Overall, these findings suggest that integrating FizziQ
strengthened PST’s technological and pedagogical competencies while supporting
the creation of inclusive, efficient, and resource aware learning environments in
science education.

Problem-solving
Efficiency

Experience Experimental learning
Curriculum

. - Measurement challenges
Este articulo no presenta ningun

conflicto de intereses. Este articulo Technology Integration Measurements
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Internacional (CC BY 4.0). Se Data visualization
permite la reproduccion,

distribucion y comunicacion publica Virtual laboratories
de la obra, asi como la creacion de
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Creative Commons Attribution 4.0
Internacional (CC BY 4.0)

Efficiency

Material diversity

Accessibility

Material shortages

Figure 4. Technology integration theme
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21st-Century Skills

The final theme, 21st-century skills, explores how the use of the FizziQ mobile
application supported both pedagogical approaches and teacher professional
growth in science education. As illustrated in Figure 5, the app encouraged lesson
designs suitable for middle school students, emphasizing student centered, long
term, and gamified learning experiences. They explained that FizziQ helped bridge
abstract and real world concepts through interactive activities and strengthened
students’ scientific process skills through data collection and analysis. Regarding
teacher development, PST highlighted that integrating FizziQ enhanced their sense
of competence, effectiveness, and technological pedagogical knowledge. The app
was also viewed as a tool that fostered professional confidence in designing and
delivering technology enhanced lessons. Moreover, many noted that its integration
helped connect more closely with digital native learners, reducing the generational
gap between teachers and pupils. Overall, these findings demonstrate how
integration of FizziQ harmonizes with the broader goal of cultivating 21st-century
learning competencies in science education while simultaneously bolstering
teachers' pedagogical and technological capacities to create more inclusive and
efficient learning environments.

Middle school suitability

Student-centeredness
Pedagogical Approach Long-term learning
Gamification

Scientific process skills
21st-Century Skills
Competence

Effectiveness
Impact on Teacher Development TPK

Professional development
Digital natives

Figure 5. 21st-Century Skills Theme
Discussion and Conclusion

The present study examined how integrating the FizziQ mobile application into PSTs
lesson plan design processes affected their TPACK-21. Quantitative results showed
a statistically significant increase across all TPACK-21 sub dimensions between pre
and post-tests. These findings are consistent with those of Valtonen et al. (2017)
and Basaran (2020), both of whom reported strong interrelations among TCK,
TPK21, and PCK21 as predictors of overall TPACK-21 performance. Likewise
Aleman-Saravia et al. (2023) confirmed the structural validity and reliability of the
TPACK-21 framework in culturally distinct contexts, emphasizing its robustness for
measuring teachers’ technology integrated competencies worldwide. These results
directly address the first research question, indicating that the integration of the
FizziQ mobile application into lesson planning significantly enhanced PSTs’ TPACK-
21 levels by strengthening their technological, pedagogical, and content knowledge
integration. At the same time, it is important to consider that this increase is likely to
be influenced by multiple interacting factors beyond the use of the FizziQ application
alone. As Ng et al. (2025) have highlighted the using technology alone does not
directly improve teaching outcomes, but works through teachers’ PK and PCK.
Pefaojas & Palomar (2025) posit that TPACK alone may not fully explain teaching
related outcomes, as it works in combination with factors such as self-efficacy and
experiential learning. Rotary-Saban & Shonfeld (2025) also suggest that TPACK
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does not operate on its own, but works through other factors such as teachers’
beliefs. Moreover, the effect sizes observed across all sub-dimensions lend support
to the notion that the impact of the smartphone based task may be not only
statistically significant but also educationally meaningful.

The qualitative findings further reinforced these quantitative outcomes by revealing
three major themes: teaching and learning process, technology integration, and
21st-century skills. Under the first theme, PSTs described FizziQ as a facilitator of
creative instructional design, to prepare student centered and inquiry based lessons.
Mobile sensors and visualization tools helped connect abstract scientific concepts
with real life physical phenomena. This observation is consistent with
Basaran (2020), who emphasizes that ICT based pedagogical designs can support
contextual learning and student motivation. Similar to the assertions of
Aslan et al. (2025), the use of digital tools encouraged PSTs to integrate pedagogical
innovations with digital literacy, thereby cultivating reflective teaching practices
based on experimentation and collaboration. Similar to the findings highlight by
Ates & Garzén (2022) that teachers’ positive attitudes and perceived usefulness of
mobile applications play a critical role in fostering their intention and confidence to
integrate such technologies into science teaching. Consistent with the findings of
Crompton et al. (2016) and Widowati & Tyas (2024), this study reinforces the
growing consensus that mobile inquiry based learning environments effectively
bridge theory and practice by fostering inquiry, contextualized learning, and the
development of teachers’ TPACK-21 competencies within science education. A
possible explanation lies in the affordances of mobile technologies, such as real time
data collection and visualization, which support experiential learning and contribute
to deeper conceptual understanding. Although previous studies have reported an
increase in students’ interest and curiosity (Salhab & Daher, 2023), there are also
studies that have observed a similar improvement in learning outcomes in physics
education (Hochberg et al., 2018).

Within the technology integration theme, PSTs acknowledged FizziQ'’s effectiveness
in enhancing lesson efficiency and engagement within the 5E instructional
framework. These observations correspond to Aleman-Saravia et al. (2023), who
highlighted that validated TPACK-21 constructs are essential for evaluating
teachers’ capacity to integrate digital resources into culturally responsive pedagogy.
The PSTs in this study also reported developing adaptive strategies to address
environmental factors affecting sensor readings, reflecting
Mishra & Koehler's (2006) notion that pedagogical reasoning and contextual
decision making are central to pedagogically grounded technology use. However,
these findings should be interpreted with caution, as contextual factors such as
classroom environment and technological infrastructure may influence the
effectiveness of mobile applications in different educational settings. Moreover,
FizziQ served as a mobile laboratory, enabling experimentation in schools with
limited physical resources, echoing findings from Basaran (2020),
Voogt & Roblin (2012) that digital technologies can broaden access to scientific
inquiry. In line with Zydney & Warner (2016), the findings suggest that FizziQ
supports inquiry-based, technology-integrated, and student-centered learning
among preservice teachers. As Oliveira et al. (2019) note, in a technology integrated
science classroom, teachers are not simply users of technology. They play a key
role in guiding how students engage with it from an epistemological perspective.

The 21st-century skills theme underscored that FizziQ not only strengthened PSTs’
technological and pedagogical capacities but also enhanced creativity, problem
solving, collaboration, and communication skills as core competencies for modern
education (Gonzalez-Pérez & Ramirez-Montoya, 2022; Wang, 2022). PST reflected
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that the app fostered inquiry, critical thinking, and digital fluency among students,
thereby also improving their own confidence and reflective practice as future
educators. These outcomes parallel those reported by Aslan et al. (2025) and
Aleman-Saravia et al. (2023), who argued that digital literacy mediates the
relationship between TPACK competence and effective 21st-century teaching. In
line with Li (2024), this study highlights that integrating mobile technologies like
FizziQ within the TPACK-21 framework fosters preservice teachers’ digital
competence and critical thinking in contemporary digital learning environments.
These findings directly respond to the second research question, revealing that
PSTs perceived FizziQ as an innovative, motivating, and pedagogically valuable tool
that enhances lesson design, assessment, and student engagement in science
education. These findings also suggest that integrating emerging technologies into
teacher education programs can play a critical role in preparing future teachers for
digitally enriched and student-centered learning environments.

In conclusion, this study finds that mobile sensor based learning environments, such as
FizziQ, can serve as a genuine bridge between theoretical teacher education frameworks
and practical classroom applications.

The observed increase in PSTs TPACK-21 levels suggests that technology
enhanced lesson promotes both conceptual understanding and professional
development. Similar points are raised by OECD (2025) and Voogt & Roblin (2012),
who emphasize the importance of integrating technology within pedagogically
grounded frameworks to prepare teachers for guiding learners in complex, digitally
rich environments. The integration of digital and mobile technologies allows teachers
to enhance instructional quality and enrich learning processes (OECD, 2025). Most
teachers feel confident using digital tools to foster student engagement, personalize
instruction, and provide real-time feedback. Threse technological applications not
only help teachers develop their digital pedagogical competencies but also foster
the design of student-centered learning environments (OECD, 2025). This finding is
in line with previous research showing that TPACK-21 is a key factor associated with
teachers’ competencies in technology-supported instructional practices and
assessment processes (Yilmaz & Isbulan, 2026). But Luik et al. (2024) caution that
the relationship between TPACK components and teaching related outcomes may
vary depending on context and may not always be direct. Conclusively, the findings
of this study contribute to the growing body of research emphasizing the importance
of aligning emerging learning technologies with pedagogically grounded frameworks
such as TPACK-21 in order to support sustainable and effective teacher
development.

Implications and Limitations

This research contributes to the expanding literature validating the pedagogical
potential of TPACK-21 aligned digital tools in teacher education. Embedding mobile
applications like FizziQ into science methods courses or practicum experiences can
help PSTs develop evidence based, inclusive, and inquiry oriented teaching
strategies. Future studies could build on these results by conducting longitudinal or
cross cultural analyses comparing PSTs’ TPACK-21 development in different
educational systems. Additionally, comparative investigations of different mobile
applications could further illuminate how tools like FizziQ shape inquiry-based
teaching and foster 21st-century competencies in varied learning contexts. Further
exploration into artificial intelligence supported mobile laboratories and mixed reality
applications could also extend the TPACK-21 framework, offering deeper insights
into how digital technologies transform science learning in both formal and informal
settings.
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This study has several limitations that should be considered when interpreting the
results. First, the relatively small and context specific sample of PSTs from a single
university in Turkiye limits the generalizability of the findings. Future research could
include larger and more diverse cohorts across different institutions and cultural
settings to enhance external validity. Second, the short duration of the intervention
restricted the examination of long-term effects on PSTs sustained TPACK-21
development. Longitudinal designs would allow researchers to investigate how such
competencies evolve over time.
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Appendix 1. Interview Questions

1.

10.

11.

12.

Did you experience any difficulties while using the FizziQ application during the
lesson preparation process? If yes, were you able to develop any solutions to
overcome these difficulties?

Do you think that using FizziQ during lesson preparation contributed to your
Technological Pedagogical and Content Knowledge? How? Could you give an
example?

Do you believe that using FizziQ during lesson preparation contributes to the
effectiveness of lesson delivery? Why?

What are your thoughts on how using FizziQ in lesson preparation influences
your choice of teaching methods, techniques, and strategies for lesson delivery?
Why?

How does using FizziQ in lesson preparation affect your use of assessment and
evaluation techniques?

Which assessment and evaluation techniques did you employ when evaluating
the teaching learning process using FizziQ? Why?

Do you think you were able to conduct a lesson consistent with the lesson plan
you prepared using FizziQ?

Would you like to use the FizziQ application in your future science classes as a
teacher? If not, why?

What possible benefits could the FizziQ application offer when used in science
classes?

Do you think there are any limitations to using the FizziQ application in science
classes? If so, what are they, and why?

Do you believe that technological pedagogical and content knowledge is
important for teaching competencies? Why? How? Could you provide
examples?

Has the use of the FizziQ application contributed to your technology use
competencies? If so, how?

Appendix 2. Focus Group Interview Questions

1.

2.

How did you prepare your lesson plans using the FizziQ mobile application?
What challenges or difficulties did you experience during the planning process?
As a preservice science teacher, what are your opinions about using the FizziQ
mobile application in the lesson planning process? (Consider professional
contributions, advantages, learning gains, and challenges.)

In the lesson plan you prepared using the FizziQ mobile application, what
contributions did the application provide in terms of selecting instructional
strategies, methods, and techniques, identifying students’ prior knowledge, and
supporting assessment and evaluation processes?

Appendix 3. Lesson Plan

Dersin Adi Fen Bilimleri

Sinif 8

Unitenin Numarasi ve Adi
Konu Alan Adi
Unitenin Sirasi ve Baghgi

Konu ve Kavramlar
Tarih

Onerilen Siire
Ogrenci Kazanimlari

6. Unite Elektrigin Yolculugu

Fiziksel Olaylar

F.B.8.6.1.1. Ampullerin baglanma durumunun
parlakhgina etkisine yonelik deney yapabilme
Ampul, parlaklik, elektrik enerjisi, sseri ve paralel baglama
30 Mayis- 7 Haziran 2024

2 ders saati

F.B.8.6.1.1. Ampullerin baglanma durumunun
parlakligina etkisine yoénelik deney yapabilme

ampul

ampul
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ISSN: 1856-7576 Unite  Kavramlari  ve | Ampul, Parlaklik, Elektrik enerjisi, Seri ve paralel baglama
ﬁ Open Acces §embol|eri
Ogrenme  Yontem ve | Soru- cevap, gosterip yaptirma, kiguk grup gcalismasi
Teknikleri

Kullanilan Egitim Arag, | Maket ev, elektrik devreleri,
Geregler ve Kaynakga https://youtu.be/9nC8IrremnE?si=YrQtfeEpgjxYnDB4
https://wordwall.net/resource/15792129

Sokakta bulunan aydinlatmalarin sokaktaki insan yogunluguna gére Isik siddetinin
degisimini gOsteren YouTube U(zerinden video bulunarak 6grencilere izletilir.
https://youtu.be/9nC8IrremnE?si=YrQtfeEpgjxYnDB4 Ardindan o6grencilerin meraklarini
arttirmak ve derse olan hazir bulunusluklarini élgebilmek adina asagidaki sorular sorulur.

1. Videoda ilk dikkatinizi geken ne oldu?
2. Sokak lambalarinda ne gibi degisiklikler fark ettiniz?
3. Lambalarin bu 6zelliginin sizce ne gibi avantajlar olabilir?

Kesfetme Asamasi: Kazanim kapsaminda farkli devrelerde ampul parlakhigini
gézlemleyebilmek amaciyla sinifa farkli ézelliklere sahip devreler getirilir. Ogrencilerin bu
devreleri gozlemlemeleri saglanir. Goézlemlemeler yapilirken FizziQ uygulamasinda
bulunan 1sik 6lger kullanilarak teorik bilgilerin somut bir kanitinin olugturulmasi saglanir.
Ogrenciler gézlemlerini tamamladiktan sonra devre elemanlari sinifta égrenci gruplari
olusturarak ogrencilere dagitihr ve grupla birlikte kendi devrelerini kurarak uygulamayi
kendi kendilerine deneyimlemeleri saglanir. Bu durumda da égrencilere sorumluluk verme
egilimi kullaniimig olur. Ayni zamanda kendileri konuyu kesfederler, bu sayede gercegi
arama egilimi de bu basamakta aktif olarak kullanilir.

1 ampul kullanilarak olusturulan seri bagdl devrenin verileri;

o

Parlaklik

Partakik(lux)

1002 lux

Parlaklik
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Parlakhik

-,
O

»,

Yapilan deney dogrultusunda égrencilere asagidaki sorular sorulur;

1. Grafiklere bakildiginda ampul parlakliklari hakkinda ne gibi yorumlar
yapabilirsiniz?
2. Sizce grafigin sekli neden bu sekilde olusmugtur?

Aciklama Asamasi: Kesfetme basamaginda yapilan gézlemlerin teorik bilgisi 6grencilere
bu basamakta anlatilir. Konu hakkinda égrencilerin bilgi yogunlugu arttikca kafalarinda
olusan sorulari soru sorma egilimi temelinde sormalari saglanir.

Derinlesme Asamasi: Ogrencilere konu detayli bir sekilde anlatildiktan sonra égrencilerin
konu hakkindaki bilgilerini pekistirmeleri ve konuya farkli bakis agilarindan bakmalarini
saglamak amaciyla sinifa 6gretmenin olusturdugu maket getirilir. Bu maket 6grencilerin
derste Ogrendiklerinden farkli olarak yeni devre elamanlariyla kurulmus bir devre
icermektedir. Maket 6grencilere anlatilir, devreyi incelemeleri saglanir. incelemeleri
sayesinde odaklanma egilimi bu basamakta aktif bir sekilde kullanilir. incelemeler
sonucunda o6grencilere elektrik tasarrufu saglamak amaciyla baska ne gibi devreler
kurulabilecegini ve bunu gunlik hayatta nerelerde kullanabilecekleri sorulur. Bdylece
o6grenciler konu Uzerinde uzmanlasmaya baglarlar ve bu egilimi kullanirlar. Ayrica
ogrencilerde tasarruf bilinci olusturarak cevreye karsi duyarlihdini arttirip ¢cevre okur
yazarligi becerisi kazandirilmak amaglanmistir. Son olarak hazirlanan maketteki devrede
ampulin farkli 1sik siddetleri FizziQ uygulamasinda oél¢dilir. Boylece farkli 1sik siddetlerinin
elektrik enerjisi Uzerindeki etkisinin tartisilmasi saglanir.

Maketin FizziQ uygulamasi kullanilarak yapilan olgimler ve maketin gorseli asagida
verilmigtir.

Ampul parlakhdi en yiksek degerindeyken uygulamada elde edilen élgim;

Parlaklik Parlakiik
Parlakiik
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(OGRENDIKLERIMIZi UYGULAYALIM 7. UNITE OLCME VE DEGERLENDIRME CALISMALARI
1. Ozdes ampul ve pillerden olusan G farkli devre semasi asagidaki gibidir. Devrelerle ilgili
sorularin cevaplanni altndaki noktali yerlere yaziniz. ‘alam - paralel - elektrik akimi- seri - vohtmetre - ampermetre -

B G B - .
- Q) Veriten cimielerdeki noktal yerleri yukandak Hfadelerden uygun olaniyla tamarla
yini.
L 1. Birdevrece ampullerin ayn letkenle g uca gelecek
R baglamad

1.devre 2.deve 3.dewre

a. 1. deveedeki K ampultinin yanina 2. devredeki gibi L ampud baglandiinda K ampuli 2. Serl bagl bir elekirik devresinde ampul sayist artiksa ampuller dzha
nin parlakiiginda nasi bir dedisim gozlenir? yanar.

3. Bkl per
b. 2. deuredeki K ve L ampuller, 3. devredeld gibi baglanirsa parlaklilan nasi degisir

4. Elektrk devtesine paralel baglanan devredeki gerlimi ter.
<. 2 ve 3. devrelerdeki L ampullet duylarindan puleinin 5k verlp ver 5. ek lararun yond piln wcundan weuna dg
‘memesi hakdunda ne s8ylenebili?

rudur

5. Devrelerdeki tm ampulerin ayni parlakikta yanmast icn hangi devreye seriolarak bir 6. oltmetre ve ampermetre eekirk devresine sekilde bagani.
il daha baglanmalid? .

7. Bt lekarik devresinde gerlim/alom oran: devienin degerin veri.

2. Asagyda verilen dallanmis aga diyagramindakileri en Gstte bulunan ifadeden baslayarak 8. Elekirik yiikl( tanecierin titresim hareketiyle clusan enerjiye denir.

okuyunuz. Ifadelerin dogru (D) ya da yaniig (¥) oldugunu belifeyerek dogru akis: bulunuz 9. Bir elektrik devresinde pil sayisi artirllinea devreden geqen artar.

3

Elekteik akiminin yon . Ampulleri birer uglan bir noktad, diger uglan baska noktada toplamip birlestirlierek baglan:

4{ pilin“~" kutbundan N masi baglamad.
*+* kutbuna dogrudur. ?

Ps— p——— [7] 1. Bekarkaaminn gerim votmereye i,
paralel baglanir. direng birimi volttur.

LA NN AN

O sedvagn )
Gerilimie alom giddeti ert bagh Veltmetre devreye
devrelerde bir

[] 2. Megati yiikierin tiresim hareketi sonucu inetik enerjilerinin siirekil aktanmina elektrik

akim denir

Ampermetre deveeye serl baglanit.

Gerllimin birimi “amper’, elektrik akiminin birimi ise “volt" tur
.

Paralel bagh
devrelerde bir
ampul patlarsa tim
ampuller séner

0ood

L oEoN e oA W

Paralel bayih 6zdes ampuller farkl parlaklikia yanar.

ampul patlasa da

arasindakl oran e serl baganisa
ampul patiarsa
sabitti. Bu oran dev- pulpat devreden akim

renin direncine esiti.

devredeki tim
ampuller séner. |

© 06690 60 o

Lok 2gks gk Acks Sks  6oks  Zoks Bk

Elekurik enerlisi s, 15k, hareket gibi enerflere danisebil,
i farkidie.

gesmez.

J

Elekurik akimy, letkendeki pozitif (+) ykid tanecilerin hareketiyle olusur.

2 o

Enerji verimilgi distik rlinler almak enerl tdketimini ve masrafi artinr,
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