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Abstract

The study examined the effect of teaching primary school science in QR code-
supported mobile learning environments on students’ academic achievement,
knowledge retention and their views on mobile learning. The research was conducted
using a mixed-methods design with an experimental group (27 students) and a control
group (20 students) attending a public primary school in Istanbul. Quantitative data
were collected through an achievement test, while qualitative data were obtained via
semi-structured interviews and student journals. The results revealed significantly
higher academic achievement of students in the experimental group compared to
those in the control group, and that students from the experimental group developed
positive perceptions of mobile learning practices. Additionally, students’ interest and
motivation toward science increased, and improvements were observed in several
learning-related skills. These results indicate that QR code-supported mobile learning
environments can be an effective instructional approach for teaching environmental
topics in primary school science education.
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Introduction

Educational environments have undergone major transformation with the rapid
evolution of digital technologies. As new generations grow up surrounded by
technology, traditional teaching methods are becoming increasingly inadequate.
Consequently, information and communication technologies—particularly mobile
technologies—have reshaped both the tools and methods of education (Koenig,
2011; Prensky, 2012).

The portability and popularity of mobile devices have introduced the concept of
mobile learning (m-learning) (Heflin et al., 2017; Omolafe, 2021; Squires, 2017).
M-learning enables learning free from time and place constraints, which offers
student-centred, interactive environments (Chung et al., 2019; Cin et al., 2022;
Kukulska-Hulme & Traxler, 2005; Patten et al., 2006). Portable tools reduce costs,
personalise learning and enhance interaction (El-Hussein & Cronje, 2010; Tabuenca
et al., 2015). They provide instant information access and allow learners to use
e-learning resources independently of computers (Muyinda et al., 2007; Traxler,
2011). Mobile tools and QR codes make learning engaging and allow students
to progress at their own pace (Attewell & Savill-Smith, 2004; Daulay et al., 2023;
Park et al., 2012). Within this context, QR codes have become a key component of
m-learning (Law & So, 2010).

QR codes are two-dimensional barcodes that enable rapid access to digital content
when scanned with mobile devices. In education, they link printed materials with
online resources, which enriches instructional materials with multimedia content
and enables access to learning resources inside and outside the classroom (Law & So,
2010; Rikala & Kankaanranta, 2014; Robertson & Green, 2012). Thus, QR codes are
not merely alternatives to traditional web links; they embed digital content in physical
learning materials and provide contextual access within learning environments.
Research shows that QR code-supported environments can increase curiosity,
motivation and classroom participation (Chen et al., 2022; Rikala & Kankaanranta,
2014; Thorne, 2016). They also provide a structure for implementing different learning
approaches; however, their effects depend on instructional design and learning
content (Lai et al., 2013; Wu et al., 2018). When well designed, QR codes can support
personalized and student-centred learning and facilitate access to diverse learning
resources (Karia et al., 2019; Rikala & Kankaanranta, 2014). QR code-supported
activities may also support learning retention and outcomes (Crompton et al., 2012;
Vandenberghe et al., 2021; Lai et al., 2013). QR code-supported environments can
also support skills such as communication, collaboration, critical thinking, digital
literacy, quantitative reasoning and spatial skills (Mehendale et al., 2017; Mowafi &
Abumuhfouz, 2021). In science education, QR code-integrated digital media tools
can help concretize abstract scientific concepts and support problem-solving and
scientific literacy (Savitri et al., 2021). The use of QR codes and mobile technologies
in environmental education is particularly important, as this field aims to develop
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awareness and responsible behaviour toward the natural environment. Environmental
education promotes understanding and action on environmental issues (Raj$p
& Fosnari¢, 2014; Stapp, 1969), and digital technologies such as m-learning and
QR codes provide flexible, interactive access to environmental information, which
makes learning more dynamic and raises environmental awareness.

Theoretical framework

Digital technologies not only deliver content but also reshape learning. This study
employed a QR code-supported mobile learning (QR m-learning) environment
framed by the SAMR (Substitution- Augmentation-Modification-Redefinition) and
TPACK (Technological-Pedagogical-Content Knowledge) models. The SAMR model
defines technology’s pedagogical role through four levels—from substitution and
augmentation, which replicate traditional tasks, to modification and redefinition,
which transform learning (Hilton, 2016; Puentedura, 2014). The higher levels enable
pedagogical transformation and experiences impossible in traditional instruction
(Hamilton, et al., 2016; Hilton, 2016).

The TPACK model complements SAMR by explaining how teachers integrate
technology (TK), pedagogy (PK) and content (CK) in balanced designs (Chai et al.,
2010; Koehler & Mishra, 2009; Mishra & Koehler, 2006). In this study, environmental
concepts (CK), group-based strategies (PK) and QR-accessed digital materials (TK)
formed the framework. TPACK guided instructional design, while SAMR was used to
analyse how technology redefined students’ learning experiences, as shown in Figure
1 (Hamilton et al., 2016; Hilton, 2016).

Integrated Technology

Pedagogy Framework
(SAMR-centered with TPACK-informed design)

Redefinition

/ CK \
Environmental

education

K
PK - TK
Group QR codes,
. :
work ~ mobile
\ ~ devices

Augmentation

Substitution
uonealyIpoIy

Figure 1. SAMR-Centered Framework with TPACK-Informed Design

Figure 1 illustrates how SAMR operates within a TPACK-informed design to assess
the transformative dimension of QR m-learning.

In science education, mobile technologies have been widely applied to enhance
learning and engagement (Bressler & Bodzin, 2016; Bjergen, 2022; Falloon, 2017;
McMahon et al.,, 2016; Ryu et al., 2015; Wang et al., 2023; Zhan et al., 2022; Zhai et al.,
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2019; Zhai & Shi, 2020). Research on environmental topics in QR m-learning contexts
has explored environmental awareness (Uzunboylu et al., 2009), comparisons with
traditional instruction (Anderson et al., 2015; Chang et al., 2011; Furi¢ et al., 2015;
Ruchter et al., 2010), sustainability education (Bleck et al., 2012) and the effects of early
technology use on environmental and technological literacy (Willis et al, 2014). Other
studies examined mobile technologies in formal environmental education (Heinonen,
2015), impacts on knowledge and perception (Kalogiannakis & Papadakis, 2017),
digital tools that promote environmental learning in primary schools (Bovanova, 2023;
Buchanan et al., 2018), mobile devices in teacher training (Sebastian-Lopez & Miguel
Gonzalez, 2020) and gamified programmes that enhance ecological awareness and
digital literacy (Ricoy & Sanchez-Martinez, 2022). Figure 2 summarizes these studies.

il

17% OUse in early childhood environmental ed ucation

OPromoting environmental education

B Environmental awareness

B Comparison with traditional methods

M Potential in environmental education

OThe effects on primary school students’ environmental
education knowledge level

Figure 2. Research on the use of mobile devices in environmental topics.

Figure 2 shows that most studies compared m-learning with traditional methods,
while few explored mobile technologies for teaching environmental topics in primary
science. This research gap, also identified in international reviews (Yun & Crippen,
2023), highlights the growing importance of mobile-supported learning (Chang et
al., 2018). Therefore, the present study was conducted to examine the effect of QR
code-supported mobile learning on third-grade students” academic achievement,
knowledge retention and their views on m-lerning of the Living Things unit, compared
to traditional instruction. The study employed a pretest-post-test control group quasi-
experimental design embedded within a mixed-methods framework. The instructional
intervention was structured in alignment with the SAMR and TPACK frameworks
to ensure pedagogically meaningful technology integration. Based on these aims, the
study addressed the following research questions:

RQ1. Is there a significant difference between the experimental and control group
in students’ academic achievement and knowledge retention over time (pretest, post-
test and retention test)?

Hypothesis 1. Students in the experimental group will demonstrate significantly
greater improvement in academic achievement from pretest to post-test and achieve
higher retention scores than students in the control group.
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RQ2. What are the views and experiences of the students in the experimental group
regarding the use of QR code-supported mobile learning tools during the science
instruction (SI)?

Since this question was addressed through qualitative data, no hypothesis was
formulated.

Methodology

The mixed-method approach provides a comprehensive understanding of research
problems by integrating quantitative and qualitative data (Creswell, 2021; Teddlie &
Tashakkori, 2009). It combines the strengths of both while reducing their limitations
(Creswell & Creswell, 2017). Accordingly, this study employed an explanatory sequential
mixed-method design (Creswell, 2021).

In the quantitative phase, a quasi-experimental design was adopted, appropriate for
educational contexts where full control or randomisation is difficult (Christensen et
al., 2020; Cohen et al., 2021; Singh, 2007). The qualitative phase followed a case study
approach to explore real-life experiences using multiple data sources (Yin, 2014).
Student journals, semi-structured interviews and teacher feedback were analysed to
better understand the learning process and assess the implementation’s effectiveness.

Sample

The study involved 3rd-grade students aged eight to nine from a public primary
school in Istanbul. Criterion sampling considered mobile device access, school internet
access, safe learning environments and teacher-parent-student cooperation. Two classes
were randomly assigned to the experimental (n = 27; 14 boys, 13 girls) and control
group (n = 20; 10 boys, 10 girls). A Mann-Whitney U test examined the differences
between the groups’ SCAAT pretest scores. The results are presented in Table 1.

Table 1

Groups’ SCAAT Pretest Mann-Whitney U Results
Group n Mean Ranks  Sum of Ranks U p
Experimental Group 27 27.28 736.50 181.50 .06
Control Group 20 19.58 391.50

The results showed no statistically significant difference between the groups
(U =181.50, p > .05), which suggests that the experimental and control group were
comparable at the beginning of the study. Using a mixed-method design, an explanatory
sequential strategy was employed to examine the experiences and views of students in
the experimental group (Creswell, 2021). Based on the quantitative results, maximum
variation sampling was used to select participants for the qualitative phase. Students
were categorized into low, medium and high achievement levels based on their post-
test scores using rank-order grouping. Participants were selected from different points
in the score distribution to ensure representation of varying achievement levels. Five
students from each category were included, which resulted in a total of 15 participants.
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Data collection tools
The Science Course Academic Achievement test (SCAAT)

The Science Course Academic Achievement test (SCAAT), developed by the
researchers, was used to collect quantitative data. The test was constructed based on
the learning outcomes of the Journey to the World of Living Things unit within the
Living Things and Life domain of the 3rd-grade primary school science curriculum.
The purpose of the test is to determine students’ academic achievement levels regarding
the relevant unit and to compare the pre- and post-intervention achievement levels
of the experimental and control group.

To ensure content validity, a table of specifications was prepared in accordance
with the curriculum outcomes, and test items were developed accordingly. The items
were reviewed by a total of 10 experts, including subject matter experts, classroom
education specialists, primary school teachers and Turkish language teachers. Based
on expert evaluations, content validity ratios were calculated using Lawshe’s method,
and all items were found to exceed the acceptable threshold (CVR > .62). The overall
content validity index of the test was also high (CVI = .945). Item analyses based on
classical test theory were conducted. Items that did not meet the required criteria in
terms of item difficulty and item discrimination were removed, and the final version
of the test consisted of 20 items. The average item difficulty index of the final test
was at a moderate level (p = .71), and the average item discrimination index was at a
good level (7 = .44).

The reliability of the test was examined using internal consistency methods, and the
Cronbach’s alpha coefficient was found to be high (« = .858). In addition, split-half
reliability analyses were conducted. Cronbach’s alpha values were .767 for the first half
and .731 for the second half, with a correlation of .755 between the two halves. These
results indicate that the test demonstrates adequate reliability when divided into two
halves. The Spearman-Brown coefficient was high (r = .860), and the Guttman split-
half reliability coefficient was similarly high (r = .859). Furthermore, the six Guttman
reliability coefficients ranged between 0.815 and 0.862, which indicated that the test
possessed satisfactory reliability. Overall, these findings demonstrate that the test had
adequate reliability.

To examine the structural properties of the test, an exploratory factor analysis was
conducted (n = 100). The results indicated that the dataset was suitable for factor
analysis (KMO = .777; Bartlett’s x*(190) = 544.151, p < .001). The analysis revealed
that the test exhibited a multidimensional structure. However, the first factor was
dominant, and the scree plot showed a clear break after the first factor. In the literature,
it is stated that a certain degree of multidimensionality is expected in achievement
tests due to the inclusion of different learning outcomes and cognitive levels, and that
the presence of a dominant general factor allows the total score to represent overall
achievement (Reckase, 1979; Stout, 1987; Tate, 2012).
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Accordingly, considering that the test is an achievement test covering different
learning outcomes and cognitive levels, it was deemed appropriate to use the total score
as an indicator of students’ overall academic achievement. This is also consistent with
the classical test theory perspective, which assumes that total test scores can represent
individuals’ overall level of achievement.

Student journals

Student journals, developed by the researchers with input from ten experts, were
used to collect qualitative data. The journals included reflections on what students
learned, found interesting, were curious about and found challenging.

Semi-structured interview form

A semi-structured interview form was designed to explore students’ feelings and
views about the QR m-learning process, in-class and out-of-class activities, encountered
problems and the effects on their skills and attitudes. The form was reviewed by ten
experts for content validity, and pre-interviews with two experimental group students
ensured clarity and comprehensibility.

Procedure

The study involved the experimental and control group. Quantitative data were
collected through a 20-item achievement test administered as pre, post-, and retention
test. The retention test, given four months after the post-test, measured recall and
long-term knowledge (Bahrick, 1984; Custers, 2010; Frutchey, 1937; Semb & Ellis,
1994; Wodtke, 1967). Each test lasted one school lesson.

Control group procedure

Instruction in the control group followed the national curriculum and textbook,
using teacher-guided classroom practices such as direct instruction and question-
answer techniques in line with regular classroom implementation. The instructional
process was planned in advance, and the control teacher was informed about how
the lessons would be carried out to ensure consistency with the experimental group
in terms of content, sequence and duration. The lessons were implemented within
this planned structure. Both teachers—the control teacher and the researcher—had
similar professional experience, and the sessions were conducted simultaneously
under comparable classroom conditions. The implementation process was monitored
through regular meetings with the control teacher and the use of structured lesson
plans, which were followed on a weekly basis.

Experimental group procedure

Instruction was designed within the TPACK framework, while the SAMR model
was used to describe the integration of technology into the instructional process. The
instructional process was planned in advance and implemented in alignment with the
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learning objectives, content, sequence and duration used in the control group. QR-
supported activities were incorporated into the lessons to support the presentation

and exploration of content.

The content covered third-grade environmental topics in science, and technology
integrated QR-code digital materials in an m-learning environment. Students used
mobile devices to access videos, animations, games and other QR-guided materials.
Weekly activities were organised to integrate content, pedagogy and technology within
a structured mobile learning environment. Technology was used for the delivery and
organisation of instructional tasks, corresponding to different levels of the SAMR

model, as shown in Figure 3.

Content Knowledge (CK)

Figure 3 outlines the weekly instructional structure and the SAMR levels associated
with each activity. The SAMR model was used to categorise how technology was
integrated into instructional tasks, while TPACK ensured coherence among content,
pedagogy and digital tools in QR-supported activities. The weekly teaching process

(Science Course)

TPACK Framework — Design Phase

Redefinition
Week 3: Sequencing Plant Growth Stages via QR Code Game + Observation
Week 4: Direction Finding Using a QR Code-Based Map (Sketch Map Activity)
Week 7: Student-Created Educational Videos with QR Codes

Modification = Redefinition

Week 6: Puzzle, Poster Creation, and Opinion Sharing via QR Codes

Modification
Week 1: Group Puzzle Activity with QR Codes & Role Assignment

Week 5: Recyclable Material Analysis in Outdoor Settings via QR Codes
Week 8: Developing Solution Proposals through QR Code Prompts

Augmentation

Week 2: Video-Based Matching Activities via QR Codes

Substitution
(No activity available at this level.)

Pedagogical Knowledge (PK)
(Group-based constructivist approach)

Figure 3. Experimental group procedure

of the experimental group is summarized in Figure 4.

Figure 4 shows the progression of activities from substitution and augmentation (e.g.,
watching videos) to modification and redefinition (e.g., way-finding and student-created
videos). Most activities were aligned with the modification or redefinition levels. The
in-class mobile learning activities of the experimental group are illustrated in Figure 5.
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i 1
Characteristics and Habitats of Living i i Design of Artificial Environments
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Exploring the Immediate Environment Cleaning of the Immediate Environment
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Direction Finding Using a QR [ Y— g M Y Recyclable Material Analysis in
Code-Based Map (Sketch Map Outdoor Settings via QR Codes
Activity)
TK + PK + CK TK + PK + CK

Figure 4. Experimental group weekly teaching process

Figure 5. Experimental group in-class QR supported mobile learning environment activities

Figure 5 presents classroom examples where students engaged with QR-supported
materials. Activities such as video creation, digital storytelling, games and treasure
hunts were implemented within the instructional process. Overall, these activities
illustrate how QR code-supported mobile learning was implemented in line with the
SAMR model (Hilton, 2016; Kirkland, 2017; Puentedura, 2014).
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Data analysis

Since the sample included less than 30 students (Can, 2020), the Wilcoxon signed-
rank test and the Mann-Whitney U test were applied. Given that six non-parametric
comparisons were conducted within the 2 x 3 design framework, a Bonferroni correction
was applied to control for inflated Type I error, and the adjusted significance level
was set at a = .008. In addition, a post hoc statistical power analysis was conducted
for the six non-parametric comparisons using G*Power 3.1. Effect sizes (r), adjusted
significance level (a = .008) and sample sizes were used to calculate the achieved power
(1 - B). Power calculations were conducted using the corresponding non-parametric
test models in G*Power 3.1. The results of the power analysis are presented in Table 2.

Table 2
Retrospective Statistical Power Analysis for the Six Comparisons

. Power

Comparison Test n r a

P (1-B)
Experimental group (pretest vs. Wilcoxon signed-rank 27 .88 .008 1.00
post-test)
Control group (pretest vs. post-test)  Wilcoxon signed-rank 20 .88 .008 1.00
Experimental Group vs. Control Mann-Whitney U 27/20 54 008 92
Group (Post-test)
Experl'mental group (post-test vs. Wilcoxon signed-rank 27 .10 .008 .04
retention)
Contrc_;l group (post-test vs. Wilcoxon signed-rank 20 74 .008 1.00
retention)
Experimental Group vs. Control Mann-Whitney U 27/20 80  .008 1.0

Group (retention)
Note. a =.008 (Bonferroni-adjusted). r represents effect size.

For the qualitative data, inductive analysis was conducted using NVivo 14 to
analyse the semi-structured interviews. Descriptive statistics from student journals
are presented in Table 3. The frequencies represent the number of journal entries
submitted each week by students in the experimental group. Variations in weekly
totals reflect differences in journal submission and do not indicate changes in the
number of participants.

A total of 164 journals were collected during the SC implementation process. The
stages of journal analysis are shown in Figure 6.

Figure 6 illustrates the steps followed in analysing qualitative data from student
journals: data organisation, coding, theme development and validation through expert
review. The steps used for analysing semi-structured interviews are shown in Figure 7.

Figure 7 presents the stages of interview analysis. The interviews were transcribed,
organised, coded and thematised in NVivo. Expert review followed, and final
revisions were made accordingly.

To ensure reliability, the researcher and an expert independently coded the
qualitative data. Inter-coder agreement was calculated using Miles and Huberman’s
(1994) formula, resulting in 93.06 %, which indicates high reliability (above 80 %).
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When reporting qualitative findings, pseudonyms replaced real names in student
quotations to ensure ethical standards and coding clarity.

Table 3
Descriptive statistics of student journals in Science
Week (ch)ﬁgel’:'?!rﬁlgsme) Female % Male % Total %
Week 1 ?ﬁ'“g‘;;f\t‘ipgfhﬁ;‘gie” Living 45 73200 12 732% 24 1463%
Week 2 E{‘/?f:;‘é:ﬁ;‘s“ andHabitatsof ;o gy00 13 7030 23 14.02%
Week 3 32;?"'”9 the Life Cycle of a 7 427% 12 732% 19  11.59%
Week4 Exploring Ones Surrounding 8  488% 11 671% 19 11.59%

Environment

Contributing to the
Week 5  Cleanliness of the Immediate 9 5.49% 10 6.10% 19 11.59%
Environment

Difference Between Natural
Week 6  and Artificial Environments 7 4.27% 12 732% 19 11.59%
and the Importance of Nature

Designing an Artificial

Week 7 Environment 12 7.32% 12 7.32% 24 14.63%
Weekg Developing Solutions for 6  366% 11 671% 17 1037%
Protecting Nature
TOTAL 71 43.29% 93 56.71% 164  100%
/.-/"‘-\ e
- . = .
o~ 2 O\ | N
o LQEEng [ Identifying 3. Coding the Prelimimany
“~._ Journal Data \  Meaningful Lata Themes
T \ Data Units ~ )
~_ —_

" 0. Describing, | N ( b J—— —s
Quoting, 8. Linking | 6.Reviewing | s
Exemplifying, the Id entzfyin and Finalizing Orig:ir(lilez;ng

Explaining, and Themes to Relati h'g the Aceordi
Visualizing the the cpronship Preliminary ccorimg
Data Based on the Research s.-nf esten Themes and Prelig:i
Identified Codes Questions Codes Themes
. and Themes  } . L ) e
) . ; . ( 12. N 13. ) _—
10. Obtaining 11. Revising the Interpreting Obtaining 14. Reporting the
Expert Data Based on the Further Final Analysis
Opinion Expert Feedback Analysis Expert Results
Results Feedback -

Figure 6. The analysis stages of student journals
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Figure 7. The analysis stage of semi-structured interviews

Ethical Considerations

Ethical approval for the study was obtained from the Social and Human Sciences
Research Ethics Committee of the Istanbul University Cerrahpasa. Official permissions
were also granted by the Istanbul Provincial Directorate of National Education.
A written informed consent was obtained from the parents of all participating
students. To ensure developmental appropriateness, data collection instruments
were reviewed by field experts and pilot-tested with students from the same age
group. Participation was voluntary, and students were informed about the research
process. All data were anonymized, and confidentiality was maintained throughout
the study.

Results

Descriptive statistics for SCAAT pretest, post-test and retention scores in both
groups are presented in Table 4.

Table 4

Descriptive Statistics for SCAAT Scores.
Group Test n M SD
Experimental Pre 27 13.56 3.85
Experimental Post 27 17.41 2.89
Experimental Retention 27 17.22 2.06
Control Pre 20 11.05 4.84
Control Post 20 13.40 3.97
Control Retention 20 10.40 3.28
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Is there a significant difference between the experimental and
control group in students’ academic achievement and knowledge
retention over time (pretest, post-test and retention test)?
Pretest-Post-test Comparison for the Experimental Group

The Wilcoxon signed-rank test was conducted to determine whether there was a

significant difference between the SCAAT pretest and post-test scores of the experimental
group. The results are presented in Table 5.

Table 5
Experimental Group SCAAT Wilcoxon Signed-Rank Test Results
SCAAT n Mean Rank Sum of Ranks z r p
Negative Ranks 0° 0.00 0.00
. -4.56° 0.88 <.001
Positive Ranks 27° 14.00 378.00
Ties 0c
Total 27

a. Experimental Group SCAAT Post-Test < Experimental Group SCAAT Pretest
b. Experimental Group SCAAT Post-Test > Experimental Group SCAAT Pretest
c. Experimental Group SCAAT Post-Test = Experimental Group SCAAT Pretest
p < .008 (Bonferroni-adjusted)

As shown in Table 5, the experimental group demonstrated a statistically significant
increase in SCAAT scores from pretest to post-test (z = -4.56, p < .001), which indicates
a large effect (r = .878).

Pretest—Post-test Comparison for the Control Group

The Wilcoxon signed-rank test was conducted to determine whether there was a
significant difference between the SCAAT pretest and post-test scores of the control
group. The results are presented in Table 6.

Table 6
Control Group SCAAT Wilcoxon Signed-Rank Test Results
SCAAT n Mean Rank Sum of Ranks z r p
Negative Ranks 0? 0.00 0.00
. -3.95° 0.88 <.001
Positive Ranks 20° 10.50 210.00
Ties 0c
Total 20

a. Control Group SCAAT Post-Test < Control Group SCAAT Pre-Test
b. Control Group SCAAT Post-Test > Control Group SCAAT Pre-Test
c. Control Group SCAAT Post-Test = Control Group SCAAT Pre-Test
p < .008 (Bonferroni-adjusted)

As shown in Table 6, SCAAT scores in the control group increased from pretest
to post-test. This change was statistically significant (z = -3.95, p < .001) and was
associated with a large effect (r = .883).

Although the effect sizes for both groups appear identical when rounded (r = .88),
the actual values differ slightly (experimental group: r = .878; control group: r = .883).
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This similarity reflects the consistent improvement observed across all participants
in both groups, as indicated by the absence of negative ranks in the Wilcoxon signed-
rank test. It also suggests that both the intervention and the regular curriculum-based
instruction were effective in increasing students’ academic achievement, although
subsequent between-group comparisons indicate additional benefits associated with
the experimental condition.

Post-Test Comparison Between the Experimental and Control Group

The Mann-Whitney U Test was conducted to determine whether there was a
significant difference between the SCAAT post-test scores of the experimental and
control group. The result s are presented in Table 7.

Table 7

Groups’ SCAAT Post-Test Mann-Whitney U Results
Groups n Mean Ranks Sum of Ranks U r p
Experimental Group 27 30.31 818.50 99.50 0.54 <.001
Control Group 20 15.48 309.50

p < .008 (Bonferroni-adjusted)

As presented in Table 7, post-test scores differed significantly between groups,
with the experimental group outperforming the control group (U = 99.50, p <.001).
The magnitude of this difference was moderate to large (r = .54).

Retention Test Comparison Between the Experimental and Control Group

After 4 months, the SCAAT was conducted again with both the experimental
and control group students to examine the effect of QR code-supported m-learning
environments on the retention of environmental topics taught in the SC. For this
purpose, the post-test and retention test scores of both groups were analysed using
the Wilcoxon signed-rank test. The results for the experimental group are presented
in Table 8.

Table 8
Experimental Group SCAAT Retention Wilcoxon Signed-Rank Test Results
SCAAT n Mean Rank Sum of Ranks z r p
Negative Ranks 132 10.00 130.00
. -0.51°  0.10 0.61
Positive Ranks 8v 12.63 101.00
Ties 6°
Total 27

a. Experimental Group SCAAT Retention Test < Experimental Group SCAAT Post-Test
b. Experimental Group SCAAT Retention Test > Experimental Group SCAAT Post-Test
c. Experimental Group SCAAT Retention Test = Experimental Group SCAAT Post-Test
p < .008 (Bonferroni-adjusted)

As shown in Table 8, SCAAT scores in the experimental group remained stable
from post-test to retention. The difference was not statistically significant (z = -0.51,
p = .61), and the effect size was small (r =.10).
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The Wilcoxon signed-rank test analysis results for the SCAAT post-test and retention
test scores of the control group are presented in Table 9.

Table 9
Control Group SCAAT Retention Wilcoxon Results
SCAAT n Mean Rank Sum of Ranks z r p
Negative Ranks 16° 10.09 161.50
L -3.32° 0.74 <.001
Positive Ranks 2° 475 9.50
Ties 2¢
Total 20

a. Control Group SCAAT Retention Test < Control Group SCAAT Post-Test
b. Control Group SCAAT Retention Test > Control Group SCAAT Post-Test
¢. Control Group SCAAT Retention Test = Control Group SCAAT Post-Test
p < .008 (Bonferroni-adjusted)

As presented in Table 9, the control group showed a significant decrease from post-
test to retention test scores, indicating a decline in retained knowledge over time. This
difference was statistically significant (z = -3.32, p <.001) and associated with a large
effect size (r = .74).

The Mann-Whitney U test was conducted to determine whether there was a significant
difference between the SCAAT retention test scores of the experimental and control
group. The results are presented in Table 10.

Table 10
Groups’ SCAAT Retention Mann-Whitney U Results

Groups n Mean Rank Sum of Ranks u r p
Experimental Group 27 33.37 901.00 17.00 0.80 <.001
Control Group 20 11.35 227.00

p < .008 (Bonferroni-adjusted)

As presented in Table 10, the experimental group obtained higher retention
scores than the control group, which shows that the knowledge gained through QR
code-supported mobile learning was maintained more effectively over time. This
difference was statistically significant (U = 17.00, p < .001) and associated with a
large effect size (r = .80).

What are the views and experiences of the students in the

experimental group regarding the use of QR code-supported

mobile learning tools during the science course (S5C)?

Opinions of students on the activities during the teaching process

An analysis of the students’ opinions on the activities conducted during the teaching
process identified seven codes pertaining to the positive aspects of these activities,
as shown in Figure 8.

415



Kose and Giillithan: Teaching Environmental Topics in QR Code-Supported Mobile Learning Environments in Primary ...
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Through Fun Work

Figure 8. Positive Activity Themes and Codes

Figure 8 illustrates the themes and codes derived from student responses regarding the
positive aspects of the instructional activities. Students emphasised gaining knowledge
through enjoyment and perceived that the activities enhanced their learning experience.
A direct quotation from the students’ interviews is as follows.

I think it is good; it is both fun and educational. It not only prevents us from just
solving questions and getting bored, but it also facilitates learning through games. We
have overcome the harms of technology. In the past, we didn’t know what to play, but
now we can benefit from and use technology; we have learned how to use music. (Ayse)

The student also mentioned that the activities contributed to the effective use of
technology. An analysis of students’ views on the negative aspects of the SC activities

conducted during the teaching process identified four codes, as shown in Figure 9.
11
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Figure 9. Negative Activity Codes

Figure 9 presents the codes derived from students’ responses concerning the negative
aspects of the instructional activities. Most students reported no negative experiences; one
offered no opinion, and three identified specific issues. Two mentioned disagreements
among peers, while one referred to a noisy environment: “The noise made by people
in the classroom” (Derya). The student noted that the classroom environment was
noisy during the activities.

Opinions of students on emotions experienced during
the teaching process

The words most frequently used by students during the interviews to express their
emotions regarding the SC activities during the teaching process were “curiosity,”
“excitement,” “great” and “happy” These expressions indicate that students largely
associated the learning experience with positive emotions. A direct quotation from
the students’ interviews is as follows.
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Happy, excited, curious. For example, everyone is excited, wondering which question
will come up and whether we will be first. Then we encourage each other, saying, ‘Come
on, friends, let’s solve this question. Later, they wonder what will come out and whether it
will be difficult. Finally, when the activity is over, everyone feels happy and rejoices. (Asl)

Similar results were obtained from the analysis of the journals used in the science
instruction.

Table 11
Students’ Emotional Responses in the SC
Student Responses Total

Happy 84
Excited 77
Curious 44
Surprised 19
Fun 17
Interesting 6
Good 5
Great 5
| felt | gained knowledge 5
Peaceful 2
Difficult 1
Like a scientist 1
Energetic 1
Like I know everything 1
Those who did not respond 5

In Table 11, students generally reported feeling happy at the end of the teaching
activities. Additionally, excitement and curiosity were frequently mentioned among
the emotions experienced. These findings are consistent with the results from student
interviews. A direct quotation from the students’ journals is as follows: “I felt great; I
felt like I knew everything.” This indicates that the activities made the students happy
and that they felt confident in their learning process.

Upon analysing students’ opinions on SC teaching methods, seven codes were
identified for the activities they enjoyed. These codes were categorized under two
main themes: the type of activity and the location of the activity, as shown in Figure 10.

15

>
10 9
5 3
l 2
0

QR code activities Puzzle activities Design activities All activities

Figure 10. Students’ Most Enjoyed Activity Codes
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Figure 10 illustrates the types of activities students reported enjoying the most
during the instructional process. Among these, QR code-based activities were the
most frequently mentioned. Figure 11 presents the activities that students enjoyed,
categorized by the location where they were conducted.

6

o N A O

Classroom activities All activities In school activities

Figure 11. Students' Preferred Activities by Location

Figure 11 presents students’” preferences for different types of activities categorized
by the setting in which they were conducted. The results indicate that classroom-based
activities were the most frequently enjoyed. A direct quotation from the students’
interviews is as follows: “The activity we did in the corridor was even more enjoyable
because our team came in first. It was more fun to constantly move from one place to
another, and solving the codes was enjoyable” (Baris). This indicates that the student
found the corridor activity, categorized as in-school activity, more enjoyable.

Only one student did not enjoy the activities. The following direct quotation reflects
the student’s perspective.

There isn’t one right now, but if we do it again, maybe there will be. I do have things
I don't like, but in QR code games, there is no structured turn-taking; everyone wants to
be the first to finish, but some students fall behind. Then, I get annoyed. I'm not saying
the games are bad, but my friends play in a way that annoys me. (Murat)

This indicates that the student’s lack of enjoyment is not attributed to the activities
themselves but rather to interpersonal disagreements with his friends.

Opinions of students on whether they experienced problems during the activities

An examination of the issues encountered during the activities revealed that 11 students
experienced some problems, while 4 students did not encounter any issues. Five codes
were identified for the problems experienced, as shown in Figure 12.

Figure 12 presents the codes related to the causes of problems experienced by students
during the instructional process. The most frequently reported issues were associated
with the activities themselves, while internet-related problems were mentioned the
least. The following direct quotation illustrates this.

I didn’t actually have any problems, but the tablet sometimes lagged, which was a
bit of an issue. There was no particular difficulty or challenging part. I did experience
some difficulty with the cover game. Since the tablet was lagging, I wasn't able to scan
the QR codes, so I had some trouble then. (Mert)

This direct quotation indicates that although the student did not experience long-
term problems, he/she did encounter tablet-related problems during some activities.
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Activity-Related Intemet-Related Disagreements QR Code-Related  Tablet-Related
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Figure 12. Codes for Causes of Student Problems

Opinions of students on QR code-supported out-of-school activities

Upon analysing students” statements regarding QR code-supported out-of-school
activities in SC, 11 codes were identified. These codes were categorized under two
main themes: positive aspects and negative aspects, as shown in Figure 13.

Increasing
Academic

p Developi
QR Codes Not  Lack of Group Reinfercing O O Reoeard?‘S%Ils

i Learnir Motivation ~Stimulating  Providing Subject  Interesting Fun
Opening Work ming ‘Curiosi Re o

Figure 13. Themes on QR-Supported Out-of-School Activities

Figure 13 presents the themes and codes related to students’ perceptions of QR code-
supported out-of-school activities. These activities were most frequently reported as
effective in reinforcing learning and supporting content review. They are also frequently
reported as effective in increasing academic achievement. However, one student
expressed negative views due to QR codes not opening and a lack of group work.

Opinions of students on group work in QR code-supported
m-learning environments

Upon analysing students’ statements regarding group activities conducted in
QR code-supported m-learning environments, six codes were identified. These codes
were categorized under two main themes: positive aspects and negative aspects, as
shown in Figure 14.

Figure 14 illustrates the themes and codes derived from student reflections on group
activities within QR code-supported m-learning environments. Collaboration and
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increased motivation were the most commonly emphasized benefits of group work.
However, three students mentioned disagreements within their groups as negative

experiences.
/ Prepmd Mm QR\
Negakve Aspecis 3 \
f:1 f:1 :
f3/112)  p\EENE: o
Achievement
QR Codes Not  Lack of Group Reinforcing O O Rw,&pisngus
Opening Work Leaming  Motivation snmulanng Pruwdl;\vg,l xb,ed Interesting Fun

Figure 14. Group Activity Themes in QR m-Learning
Opinions on the effect of activities on students’ development,
skills and attitudes

Eight codes related to the effect of activities on students’ development, skills and
attitudes have been identified. These are presented in Figure 15.

Attitudes Towards Technology i
Problem-Solving Skills

Communication Skills 2

Relating to Real Life

Attitudes Towards Science Course  mmmm_2
Attitudes Towards the Environment
Information Gathering and Research Skills
Academic Achievement

14
14
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13

15

14

15
0 2 4 6 8 10 12 14 16

Positively & Negatively Affected  mNo Effect  mPositively Affected

Figure 15. Effects of activities on students’skills and attitudes

Figure 15 summarises students’ views on how the instructional activities influenced
their skills and attitudes. Most students reported more positive attitudes towards science
and the environment, with increased interest and engagement. Although opinions
on technology varied, overall confidence improved. Regarding skills, one student
reported no change in problem-solving or research, and two mentioned mixed effects
on communication. The majority, however, noted gains in communication, real-life
application and academic achievement.
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Table 12.

Integration of Quantitative and Qualitative Findings

Quantitative Findings

Qualitative Evidence (Themes
& Exemplars)

Integrated Interpretation

The experimental group
outperformed the control
group at post-test (U =99.50,
p <.001,r=.54).

Retention remained stable in
the experimental group
(z=-0.51,p=.61,r=.10),
whereas the control group
showed a significant decline
(z=-3.32,p<.001, r=.74).

The experimental group
achieved higher retention
scores than the control group
(U=17.00, p <.001, r=.80).

Despite strong quantitative
effects, minor issues

were reported during
implementation.

Students emphasized
“learning through enjoyment,”’
“facilitates learning,’ (e.g., “It is
both fun and educational...

it facilitates learning through
games”). QR-based activities
were the most preferred.

Students highlighted
reinforcement and review (e.g.,
“I felt like I knew everything”
and references to repeated
exposure and practice through
QR activities). “Reinforcing
learning”; “providing subject
review”; effective use of
out-of-school QR activities;
students noted easier recall
and review.

Students reported “increasing
academic achievement”,
“enhancing success” and
“confidence” (e.g., “I felt
great... | felt like | knew
everything”) as outcomes of
the activities.

Some students reported
disagreements, noise and
technical issues (e.g.,“The
noise made by people in the
classroom” and problems with
QR scanning, tablet lag).

Convergence: Higher
post-test performance in

the experimental group is
consistent with increased
engagement and enjoyment,
which suggests that active
and interactive learning
contributed to improved
performance.

Complementarity:
Qualitative data explain

the stability of retention

in the experimental group
by highlighting repeated
exposure, reinforcement
and opportunities for review
beyond the classroom.

Convergence: Students’
perceived learning gains
align with higher retention
performance, supporting
the effectiveness of the
intervention.

Expansion: The intervention
was effective overall, but
qualitative data reveal
practical challenges, which
provides a more nuanced and
realistic understanding of the
implementation process.

The integration of quantitative and qualitative findings provides a comprehensive
understanding of the results. The findings demonstrate convergence in terms of
improved academic achievement and retention, while qualitative data help explain the
underlying mechanisms, such as increased engagement, enjoyment and opportunities
for reinforcement. In addition, qualitative findings extend the interpretation by
revealing minor implementation challenges, which offers a more nuanced perspective

on the intervention.

Discussion

Analysis of within- and between-group comparisons for academic achievement
and retention (RQ1), together with qualitative findings, showed that both traditional
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and QR m-learning environments improved students’ SCAAT scores, with stronger
effects in the experimental group. This confirms that m-learning is most effective
when embedded in pedagogically sound designs. Previous studies similarly report
that m-learning enhances retention, motivation and participation in science and
environmental education (Kalogiannakis & Papadakis, 2017; Uzunboylu et al., 2009;
Zacharia et al., 2016). Interactive, student-centred activities promote engagement and
achievement through continuous, accessible and interactive learning (Chang et al.,
2011; Demir & Akpinar, 2018; Rikala, 2015).

Consistent with previous research in environmental education contexts, mobile-
supported learning activities have been found to improve students’ learning performance
(Chang et al., 2011). Meta-analyses show that long-term, well-structured m-learning
produces stronger outcomes (Chauhan, 2017; Yang & Xiang, 2024). In addition, the
effectiveness of such environments is closely related to pedagogical design, learner
engagement and contextual interaction (Rikala, 2015). The eight-week design of this
study supports these findings, which suggest that technology-integrated instruction
can benefit primary science learning. The effectiveness of m-learning depends on
pedagogical design, content relevance and learner engagement (Daulay et al., 2023;
Tanaka & Ishizaki, 2018; Timotheou et al., 2023). Mobile devices facilitate observation
and data collection, which supports learning through visual and experiential processes—
an approach suited to young learners (Furi6 et al., 2015). In contrast, some studies have
found that mobile learning does not lead to higher learning outcomes than traditional
approaches; rather, similar levels of learning performance and knowledge acquisition
have been reported across different instructional media and learning conditions
(Nouri et al., 2014; Ruchter et al., 2010). These findings may be related to differences
in instructional design, duration of implementation and contextual conditions.

Retention analysis revealed that stable post- and delayed-test scores in the
experimental group reflected sustained learning, while the control group’s decline
suggested short-term effects. However, although no statistically significant difference
was found between the post-test and retention scores in the experimental group, this
result should be interpreted with caution due to the low statistical power associated
with the small effect size. Nevertheless, the observed pattern of stable performance
in the experimental group suggests that QR code-supported mobile learning may
contribute to sustained engagement over time. Meaningful learning therefore requires
sustained engagement and repeated digital reinforcement (Demir & Akpinar, 2018;
Najmuldeen, 2017). Designs combining interactivity, repetition and emotional
engagement—aligned with SAMR’s ‘Redefinition’ level—yield stronger results. The
integrated analysis of quantitative and qualitative findings indicates that the observed
improvements in academic achievement and retention are closely associated with
students’ increased engagement, enjoyment and opportunities for reinforcement
provided by the QR-supported mobile learning environment.
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Consistent with the quantitative findings on achievement and retention, student
feedback confirmed the positive influence of QR m-learning on motivation and
attitude. Students described the activities as enjoyable and instructive, consistent with
studies showing increased engagement through QR-based applications (Timotheou
et al., 2023; Uzunboylu et al., 2009). Younger learners’ curiosity and responsiveness to
technology enhanced participation, while older students preferred printed materials
(Bjorgen, 2022; Vanhofen et al., 2023). Thus, age and instructional design are key
factors that shape motivation and attitude.

Qualitative results also showed that QR m-learning stimulated curiosity and
excitement, which strengthened emotional engagement and intrinsic motivation
(Heinonen, 2015; Hilton, 2016). Such environments provide experiences unavailable
in traditional settings and encourage exploration (Chou et al., 2012). Students reported
that revisiting digital content at home reinforced understanding, which extended
learning beyond the classroom (Crompton & Burke, 2018). Individualised QR-based
tasks reflected SAMR’s modification and redefinition levels, which promoted self-
regulation and responsibility.

The study effectively integrated technological and pedagogical knowledge within the
TPACK framework (Koehler & Mishra, 2009), which supported self-directed learning
(Abedi et al., 2023; Ehsanpur & Razavi, 2020). Collaborative group work enhanced
communication and problem-solving (Bovanova, 2023; Rikala, 2015), consistent with
international findings in science education (Lin et al., 2019; Ryu et al., 2015). Despite
occasional conflicts, most students reported higher motivation and accountability,
which is in line with sociocultural theory (Vygotsky, 1978).

Students also expressed greater confidence in using technology. Integrating QR
m-learning into classroom and home activities increased engagement and performance
(Chauhan, 2017). Personalised digital tasks fostered autonomy and satisfaction, which
shows that age-appropriate m-learning supports meaningful participation. While
communication improved and students showed increased interest in environmental
topics, progress in higher-order skills such as problem-solving remained limited,
which suggests the need for scaffolding in early education (Timotheou et al., 2023).
Linking activities to local environmental issues increased relevance and motivation
(Kalogiannakis & Papadakis, 2017).

Some limitations were observed. Technical issues (internet access and device availability)
and occasional group tensions caused brief interruptions (Rivers, 2009). Challenges
such as cost and maintenance highlight the need for sustainable infrastructure and
management (Bleck et al., 2012; Barak et al., 2016). Another limitation of the study
relates to the instructional implementation. Although the instructional process was
planned in advance and standardised across groups in terms of content, sequence and
duration, the experimental group was taught by the researcher, while the control group
was taught by a different classroom teacher. This may have introduced a potential
teacher-related effect. In addition, the implementation process was monitored through

423



Kose and Giillithan: Teaching Environmental Topics in QR Code-Supported Mobile Learning Environments in Primary ...

regular meetings with the control teacher and the use of structured lesson plans,
which were followed and monitored on a weekly basis. However, no formal classroom
observations or independent implementation fidelity measures were employed to
verify the consistency of instructional delivery across groups. Therefore, the outcomes
may have been influenced, to some extent, by instructor-related factors in addition
to the QR-supported mobile learning intervention. Another limitation relates to the
potential novelty effect. As students were introduced to QR code-supported mobile
learning and the use of mobile devices for instructional purposes, their increased
motivation and attention may have been influenced by the novelty of the learning
environment rather than the instructional approach itself. Therefore, the observed
effects should be interpreted with caution, as they may partially reflect short-term
engagement associated with the introduction of new technologies. In addition, the
statistical power for the retention comparison within the experimental group was
found to be low (1 — = .04). Therefore, the non-significant result observed in this
analysis should be interpreted with caution, as it may be influenced by insufficient
statistical power rather than the absence of a true effect.

In light of these considerations, the results obtained in this study should be interpreted
not merely as the effect of QR code usage, but rather as the overall impact of the
pedagogical design implemented in a QR code-supported mobile learning environment.
Overall, the study confirms that well-designed, developmentally appropriate QR
m-learning can transform primary environmental science education. Integration
through the SAMR and TPACK frameworks yields measurable gains in achievement
and motivation while fostering collaboration and sustained learning.

Conclusion

The study found QR-m-learning more effective than traditional instruction in
improving third-grade students’ achievement and retention. Students described the
process as enjoyable and motivating and as supportive of their learning experiences. The
findings indicate that when technology is used through well-designed, age-appropriate,
student-centred methods, it contributes to improved academic achievement and is
associated with positive learning experiences. Grounded in the SAMR and TPACK
frameworks, the research confirms that technology’s educational value depends on
pedagogical quality rather than its mere presence. Activities promoting collaboration
and creativity enhanced student engagement. Although limited to one eight-week
science unit in a Turkish primary school, the study highlights QR-m-learning as an
accessible, low-cost model for flexible and individualised instruction. Future research
should explore its impact on motivation, self-regulation and social interaction across
wider age ranges.

Recommendations

This study suggests that innovative teaching practices such as QR code-supported
mobile learning can make learning more effective, lasting and enjoyable, while offering
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a guiding framework for the design of student-centred environments. It is therefore
recommended that QR-based mobile learning applications be more widely adopted
in environmental education at the primary level.

The study was limited to third-grade students in a Turkish primary school and an
eight-week science unit on Living Things. These constraints restrict the generalisability
of the findings to other age groups, school types and socio-cultural settings.

Pedagogically, QR-supported mobile learning demonstrates benefits beyond content
delivery, which influences instructional design and educational policy. QR codes are
inexpensive, accessible and easy for teachers to produce, which supports equity in
contexts with limited digital resources. In interdisciplinary fields such as environmental
education, QR-based materials can provide microlearning opportunities, adapting
to different learning speeds and individual needs to foster flexible, student-centred
environments.

At the policy-maker level, integrating QR technology with open-source, teacher-
generated content could offer a scalable and cost-effective strategy to reduce digital
inequality. Future studies should involve broader samples, varied age levels and
longitudinal designs to examine the sustained effects of mobile learning not only
on achievement but also on interaction, self-regulation and affective engagement.
Theoretically, integrating SAMR and TPACK with sociocultural, motivational and
cognitive load perspectives may offer a more comprehensive framework for analysing
technology-enhanced learning processes.
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Poucavanje okolisnih tema u
nastavi prirodoslovlja u osnovnoj
skoli u okruzju mobilnoga ucenja

podrzanoga QR kodovima:
istrazivanje mjesovitom
metodom

Sazetak

Ovo istraZivanje ispitivalo je u¢inak poucavanja nastavne cjeline ,Ziva
bi¢a” u nastavi prirodoslovlja u osnovnoj skoli primjenom mobilnoga ucenja
podrzanoga QR kodovima na ucenicka postignuéa, zadrZavanje znanja i stavove
ucenika. IstraZivanje je provedeno primjenom dizajna mjesovitih metoda, uz
eksperimentalnu skupinu (27 ucenika) i kontrolnu skupinu (20 ucenika) iz jedne
javne osnovne $kole u Istanbulu. Kvantitativni podatci prikupljeni su testom
akademskoga postignuca, dok su kvalitativni podatci dobiveni polustrukturiranim
intervjuima i ucenickim dnevnicima. Rezultati su pokazali da su ucenici u
eksperimentalnoj skupini postigli statisticki znacajno visa postignuca u odnosu
na kontrolnu skupinu te razvili pozitivne percepcije o primjeni mobilnoga ucenja.
Nadalje, zabiljezen je porast interesa i motivacije za nastavu prirodoslovlja, kao
i napredak u razlicitim vjestinama povezanima s ucenjem. Dobiveni rezultati
upucuju na to da mobilno ucenje podrZano QR kodovima moZe predstavljati
ucinkovit pedagoski pristup poucavanju okolisnih tema u nastavi prirodoslovlja
u osnovnoj skoli.

Kljucne rijeci: odgoj i obrazovanje za okolis; mobilno ucenje; osnovno obrazovanje;
QR kodovi; nastava prirodoslovija

Uvod

Obrazovna okruZenja doZivjela su znacajne promjene zbog brzoga razvoja digitalnih
tehnologija. Kako nove generacije odrastaju okruzene tehnologijom, tradicionalne
metode poucavanja postaju sve manje uc¢inkovite. Slijedom toga, informacijske i
komunikacijske tehnologije, osobito mobilne tehnologije, preoblikovale su i alate i
metode obrazovanja (Koenig, 2011; Prensky, 2012).

Prijenosnost i $iroka dostupnost mobilnih uredaja dovele su do razvoja koncepta
mobilnoga ucenja (m-learning) (Heflin i sur., 2017; Omolafe, 2021; Squires, 2017).
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Mobilno ucenje omogucuje ucenje neovisno o vremenu i mjestu te pruza ucenicima
usmjerena i interaktivna okruzja (Chung i sur., 2019; Cin i sur., 2022; Kukulska-Hulme
i Traxler, 2005; Patten i sur., 2006). Prijenosni uredaji smanjuju troskove, omogucuju
personalizaciju uenja i poti¢u interakciju (El-Hussein i Cronje, 2010; Tabuenca i sur.,
2015). Takoder omogucuju trenutacan pristup informacijama te koristenje e-ucenja
neovisno o ra¢unalima (Muyinda i sur., 2007; Traxler, 2011). Mobilni alati i QR kodovi
(Attewell i Savill-Smith, 2004; Daulay i sur., 2023; Park i sur., 2012). U tom kontekstu
QR kodovi postali su vazna sastavnica mobilnoga ucenja (Law i So, 2010).

QR kodovi su dvodimenzionalni barkodovi koji omogucuju brz pristup digitalnim
sadrzajima skeniranjem putem mobilnih uredaja. U obrazovanju povezuju tiskane
materijale s mreznim izvorima, obogacuju nastavne materijale multimedijskim
sadrzajima te omogucuju pristup izvorima ucenja unutar i izvan uc¢ionice (Law i So,
2010; Rikala i Kankaanranta, 2014; Robertson i Green, 2012). Stoga QR kodovi nisu
samo alternativa tradicionalnim mreznim poveznicama, ve¢ omogucuju integraciju
digitalnih sadrzaja u fizicke nastavne materijale i pruzaju kontekstualizirani pristup
u okruzjima ucenja. Istrazivanja pokazuju da okruzja podrzana QR kodovima mogu
povecati znatizelju, motivaciju i sudjelovanje ucenika u nastavi (Chen i sur., 2022; Rikala
i Kankaanranta, 2014; Thorne, 2016). Takoder omogucuju implementaciju razlicitih
pristupa ucenju, pri ¢emu njihova ucinkovitost ovisi o nastavnom dizajnu i sadrzaju
ucenja (Lai i sur., 2013; Wu i sur., 2018). Kada su dobro osmisljeni, QR kodovi mogu
podrzati personalizirano i u¢enje usmjereno na ucenika te olaksati pristup raznovrsnim
izvorima ucenja (Karia i sur., 2019; Rikala i Kankaanranta, 2014). Aktivnosti podrzane
QR kodovima mogu pridonijeti i zadrzavanju znanja te obrazovnim ishodima (Crompton
isur, 2012; Vandenberghe i sur., 2021; Lai i sur., 2013). Takva okruzja mogu takoder
poticati razvoj vjestina kao $to su komunikacija, suradnja, kriticko misljenje, digitalna
pismenost, kvantitativno zakljucivanje i prostorne vjestine (Mehendale i sur., 2017;
Mowafi i Abumuhfouz, 2021). U nastavi prirodoslovlja digitalni alati integrirani s
QR kodovima mogu pomoc¢i u konkretizaciji apstraktnih znanstvenih pojmova te
podrzati rjeSavanje problema i razvoj znanstvene pismenosti (Savitri i sur., 2021).

Primjena QR kodova i mobilnih tehnologija osobito je vazna u odgoju i obrazovanju
za okolis, ¢iji je cilj razvijanje svijesti i odgovornoga ponasanja prema prirodnom
okolisu. Odgoj i obrazovanje za okoli$ potice razumijevanje i djelovanje u vezi s
okoli$nim problemima (Raj$p i Fosnaric, 2014; Stapp, 1969), dok digitalne tehnologije
poput mobilnoga ucenja i QR kodova omogucuju fleksibilan i interaktivan pristup
informacijama o okoli$u, ¢ineci uéenje dinami¢nijim i pridonoseéi razvoju svijesti
o okolisu.

Teorijski okvir

Digitalne tehnologije ne sluze samo za prijenos sadrzaja, ve¢ i preoblikuju proces
ucenja. U ovome istrazivanju primijenjeno je mobilno uc¢enje podrzano QR kodovima
(QR-m-ucenje), utemeljeno na modelima SAMR (Substitution-Augmentation-
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Modification-Redefinition) i TPACK (Technological-Pedagogical-Content Knowledge).
Model SAMR definira pedagosku ulogu tehnologije u Cetiri razine, od zamjene i
nadogradnje koje repliciraju tradicionalne zadatke, do modifikacije i redefinicije
koje transformiraju ucenje (Hilton, 2016; Puentedura, 2014). Vi$e razine omogucuju
pedagosku transformaciju i iskustva koja nisu moguca u tradicionalnoj nastavi
(Hamilton i sur., 2016; Hilton, 2016).

Model TPACK nadopunjuje SAMR objasnjavajuci kako nastavnici integriraju tehnologiju
(TK), pedagogiju (PK) i sadrzaj (CK) u uravnotezenim nastavnim dizajnima (Chai
i sur., 2010; Koehler i Mishra, 2009; Mishra i Koehler, 2006). U ovome istrazivanju
koncepti iz podruéja okolisa (CK), strategije temeljene na radu u skupinama (PK)
i digitalni materijali dostupni putem QR kodova (TK) ¢inili su osnovu nastavnoga
okvira. TPACK je usmjeravao oblikovanje nastave, dok je SAMR koristen za analizu
nacina na koji tehnologija redefinira iskustva ucenja ucenika, kao $to je prikazano u
Slici 1 (Hamilton i sur., 2016; Hilton, 2016).

Slika 1.

Slika 1 prikazuje kako SAMR djeluje unutar dizajna utemeljenoga na TPACK modelu
kako bi se procijenila transformativna dimenzija QR-m-ucenja.

U nastavi prirodoslovlja mobilne tehnologije $iroko se primjenjuju za unaprjedenje
ucenja i povecanje angazmana ucenika (Bressler i Bodzin, 2016; Bjergen, 2022; Falloon,
2017; McMahon i sur., 2016; Ryu i sur., 2015; Wang i sur., 2023; Zhan i sur., 2022; Zhai
isur., 2019; Zhai i Shi, 2020). Istrazivanja koja se bave okoli$nim temama u kontekstu
QR-m-ucenja obuhvacaju razvoj svijesti o okoli$u (Uzunboylu i sur., 2009), usporedbe
s tradicionalnom nastavom (Anderson i sur., 2015; Chang i sur., 2011; Furié i sur,,
2015; Ruchter i sur., 2010), obrazovanje za odrzivost (Bleck i sur., 2012) te u¢inke
rane uporabe tehnologije na okolisnu i tehnolosku pismenost (Willis i sur., 2014).
Druga istrazivanja bavila su se primjenom mobilnih tehnologija u formalnom odgoju
i obrazovanju za okoli$ (Heinonen, 2015), njihovim utjecajem na znanje i percepciju
(Kalogiannakis i Papadakis, 2017), digitalnim alatima za poticanje ucenja o okolisu
u osnovnim $kolama (Bovanova, 2023; Buchanan i sur., 2018), uporabom mobilnih
uredaja u obrazovanju nastavnika (Sebastian-Lépez i Miguel Gonzalez, 2020) te
gamificiranim programima koji unaprjeduju ekolosku svijest i digitalnu pismenost
(Ricoy i Sanchez-Martinez, 2022). Pregled ovih istrazivanja prikazan je na Slici 2.

Slika 2.

Slika 2 pokazuje da veéina istrazivanja usporeduje mobilno ucenje s tradicionalnim
metodama, dok se manji broj studija bavi primjenom mobilnih tehnologija u poucavanju
okolisnih tema u nastavi prirodoslovlja u osnovnoj skoli. Ovaj istrazivacki jaz, istaknut
i u medunarodnim pregledima (Yun i Crippen, 2023), dodatno naglasava vaznost
mobilno podrzanoga ucenja (Chang i sur., 2018).

Stoga je ovo istrazivanje provedeno s ciljem ispitivanja uc¢inka mobilnoga ucenja
podrzanoga QR kodovima na akademska postignuca ucenika trecega razreda, zadrzavanje
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znanja i njihove stavove u nastavnoj cjelini ,,Ziva bi¢a”, u usporedbi s tradicionalnom
nastavom. IstraZivanje je provedeno primjenom kvazieksperimentalnoga dizajna s
kontrolnom skupinom i mjerenjima prije i nakon intervencije, u okviru pristupa
mjesovitih metoda. Nastavna intervencija oblikovana je u skladu s modelima SAMR i
TPACK kako bi se osigurala pedagoski utemeljena integracija tehnologije. Na temelju
tih ciljeva postavljena su sljedeca istrazivacka pitanja:

IP1. Postoji li statisticki znacajna razlika izmedu eksperimentalne i kontrolne skupine
u akademskim postignué¢ima ucenika i zadrzavanju znanja tijekom vremena (predtest,
posttest i test zadrzavanja)?

Hipoteza 1. Uenici u eksperimentalnoj skupini pokazat ée statistic¢ki znacajno vece
poboljsanje u akademskim postignuc¢ima od predtesta do posttesta te ostvariti vise
rezultate na testu zadrzavanja u odnosu na ucenike u kontrolnoj skupini.

IP2. Kakvi su stavovi i iskustva ucenika u eksperimentalnoj skupini u vezi s primjenom
mobilnoga ucenja podrzanoga QR kodovima tijekom nastave prirodoslovlja?
Bududi da je ovo pitanje istrazeno kvalitativnim podatcima, nije formulirana hipoteza.

Metodologija

Pristup mjeSovitih metoda omogucuje sveobuhvatno razumijevanje istrazivackih
problema integriranjem kvantitativnih i kvalitativnih podataka (Creswell, 2021; Teddlie
i Tashakkori, 2009). Ovaj pristup objedinjuje prednosti obaju metodoloskih okvira,
istodobno smanjujuci njihova ogranicenja (Creswell i Creswell, 2017). Sukladno tome,
u ovome je istrazivanju primijenjen eksplanatorni sekvencijalni dizajn mjeSovitih
metoda (Creswell, 2021).

U kvantitativnoj fazi primijenjen je kvazieksperimentalni istrazivacki dizajn, prikladan
za obrazovne kontekste u kojima je potpuna kontrola ili randomizacija otezana
(Christensen i sur., 2020; Cohen i sur., 2021; Singh, 2007). Kvalitativna faza temeljila
se na studiji slu¢aja s ciljem istrazivanja stvarnih iskustava iz viSe izvora podataka
(Yin, 2014). Ucenicki dnevnici, polustrukturirani intervjui i povratne informacije
ucitelja analizirani su kako bi se bolje razumio proces ucenja i procijenila u¢inkovitost
provedene intervencije.

Uzorak

U istrazivanju su sudjelovali ucenici tre¢ega razreda (u dobi od 8 do 9 godina) iz
jedne javne osnovne $kole u Istanbulu. Pri odabiru uzorka primijenjeno je kriterijsko
uzorkovanje koje je obuhvatilo dostupnost mobilnih uredaja, pristup $kolskom
internetu, sigurnost okruzja za ucenje te suradnju izmedu ucitelja, roditelja i u¢enika.
Dva razredna odjela nasumi¢no su rasporedena u eksperimentalnu skupinu (n = 27;
14 djecaka i 13 djevojcica) i kontrolnu skupinu (n = 20; 10 djecaka i 10 djevojcica).
Razlike izmedu skupina u rezultatima predtesta SCAAT-a ispitane su Mann-Whitney
U testom. Rezultati su prikazani u Tablici 1.
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Tablica 1

Rezultati su pokazali da ne postoji statisticki znacajna razlika izmedu skupina
(U =181.50, p > ,05), §to upucuje na to da su eksperimentalna i kontrolna skupina
bile usporedive na pocetku istrazivanja.

Primjenom pristupa mjesovitih metoda koriStena je eksplanatorna sekvencijalna
strategija za ispitivanje iskustava i stavova ucenika u eksperimentalnoj skupini (Creswell,
2021). Na temelju kvantitativnih rezultata, za odabir sudionika u kvalitativnoj fazi
primijenjeno je uzorkovanje maksimalne varijacije. U¢enici su, na temelju rezultata
posttesta, kategorizirani u skupine niskog, srednjeg i visokog postignuca primjenom
rangiranja. Sudionici su odabrani iz razli¢itih dijelova distribucije rezultata kako bi
se osigurala zastupljenost razlic¢itih razina postignuca. Iz svake kategorije ukljuceno
je po pet ucenika, $to ukupno ¢ini 15 sudionika.

Instrumenti prikupljanja podataka
Test akademskoga postignuca iz prirodoslovlja (SCAAT)

Za prikupljanje kvantitativnih podataka koristen je Test akademskoga postignuca
iz prirodoslovlja (SCAAT), koji su razvili istrazivaci. Test je konstruiran na temelju
ishoda ucenja nastavne cjeline ,,Putovanje u svijet Zivih bi¢a” unutar podruéja ,,Ziva
bi¢a i zivot” u kurikulu prirodoslovlja za tre¢i razred osnovne $kole. Svrha testa bila
je utvrditi razinu akademskoga postignuca ucenika u odnosu na navedenu nastavnu
cjelinu te usporediti razine postignuca eksperimentalne i kontrolne skupine prije i
nakon intervencije.

Kako bi se osigurala sadrzajna valjanost, izradena je specifikacijska tablica u
skladu s ishodima kurikula, a testni zadatci razvijeni su u skladu s njom. Zadatke
su evaluirali ukupno 10 stru¢njaka, ukljucujuci predmetne strucnjake, stru¢njake za
razrednu nastavu, ucitelje razredne nastave i ucitelje materinskog jezika. Na temelju
stru¢nih procjena izracunati su koeficijenti sadrzajne valjanosti primjenom Lawsheove
metode, pri ¢emu su svi zadatci premasili prihvatljivi prag (CVR 2 ,62). Ukupni indeks
sadrzajne valjanosti testa takoder je bio visok (CVI = ,945). Provedene su analize
zadataka temeljene na klasi¢noj teoriji testa. Zadatci koji nisu zadovoljili kriterije u
pogledu tezine i diskriminativnosti uklonjeni su, a kona¢na verzija testa sastojala se
od 20 zadataka. Prosje¢ni indeks tezine zadataka bio je na umjerenoj razini (5 =,71),
dok je prosjecni indeks diskriminativnosti bio na dobroj razini (7 = ,44).

Pouzdanost testa ispitana je metodama unutarnje konzistentnosti, pri cemu je
Cronbachov alfa koeficijent bio visok (« = ,858). Dodatno su provedene analize
pouzdanosti metodom podjele testa na polovice. Vrijednosti Cronbachova alfa
koeficijenta iznosile su,767 za prvu polovicu i,731 za drugu polovicu, uz korelaciju od
,755 izmedu dviju polovica. Ovi rezultati ukazuju na zadovoljavaju¢u pouzdanost testa
pri podjeli na dvije polovice. Spearman-Brownov koeficijent bio je visok (r = ,860),
kao i Guttmanov koeficijent pouzdanosti za podijeljeni test (r = ,859). Nadalje, $est
Guttmanovih koeficijenata pouzdanosti kretalo se u rasponu od 0,815 do 0,862, $to
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upucuje na zadovoljavajucu pouzdanost testa. Ukupno gledano, ovi rezultati potvrduju
da test posjeduje adekvatnu pouzdanost.

Za ispitivanje strukturnih svojstava testa provedena je eksploratorna faktorska
analiza (n = 100). Rezultati su pokazali da su podatci prikladni za faktorsku analizu
(KMO = ,777; Bartlettov x*(190) = 544,151, p < ,001). Analiza je pokazala da test ima
multidimenzionalnu strukturu. Medutim, prvi faktor bio je dominantan, a scree dijagram
pokazao je jasan prijelom nakon prvoga faktora. U literaturi se navodi da se odredeni
stupanj multidimenzionalnosti oekuje u testovima postignuéa zbog ukljucivanja
razli¢itih ishoda ucenja i kognitivnih razina te da prisutnost dominantnoga opceg
faktora omogucuje da ukupni rezultat predstavlja ukupno postignuce (Reckase, 1979;
Stout, 1987; Tate, 2012).

Sukladno tome, uzimajuéi u obzir da se radi o testu postignuca koji obuhvaca
razli¢ite ishode ucenja i kognitivne razine, ocijenjeno je primjerenim koristiti ukupni
rezultat kao pokazatelj ukupnoga akademskog postignuca ucenika. Ovo je takoder u
skladu s perspektivom klasi¢ne teorije testa prema kojoj ukupni rezultati testa mogu
predstavljati op¢u razinu postignuca pojedinaca.

Ucenicki dnevnici

Ucenicki dnevnici, koje su istrazivaci razvili uz doprinos deset stru¢njaka, koristeni
su za prikupljanje kvalitativnih podataka. Dnevnici su ukljucivali refleksije u¢enika

o tome $to su naucili, §to im je bilo zanimljivo, $to ih je zanimalo te s kojim su se
potesko¢ama susreli.

Polustrukturirani intervju

Polustrukturirani intervju osmisljen je kako bi se istrazili osjecaji i stavovi uc¢enika o
procesu QR-m-ucenja, aktivnostima unutar i izvan u¢ionice, uo¢enim poteskocama te
utjecaju na njihove vjestine i stavove. Obrazac intervjua pregledalo je deset stru¢njaka
radi procjene sadrzajne valjanosti, a provedeni su i pokusni intervjui s dva u¢enika iz
eksperimentalne skupine kako bi se osigurala jasnoc¢a i razumljivost pitanja.

Postupak

Istrazivanje je ukljucivalo eksperimentalnu i kontrolnu skupinu. Kvantitativni podatci
prikupljeni su testom postignuca od 20 zadataka, primijenjenim kao predtest, posttest
i test zadrzavanja. Test zadrzavanja, proveden Cetiri mjeseca nakon posttesta, sluzio je
za mjerenje prisjecanja i dugoro¢noga znanja (Bahrick, 1984; Custers, 2010; Frutchey,
1937; Semb i Ellis, 1994; Wodtke, 1967). Svaki test trajao je jedan skolski sat.

Postupak u kontrolnoj skupini

Nastava u kontrolnoj skupini provodila se u skladu s nacionalnim kurikulom i
udzbenikom, uz primjenu uobicajenih nastavnih praksi koju su provodili ucitelji, poput
izravne nastave i tehnike pitanja i odgovora, u skladu s redovitom nastavnom praksom.
Nastavni proces unaprijed je planiran, a ucitelj u kontrolnoj skupini bio je informiran
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o nacinu provedbe nastave kako bi se osigurala uskladenost s eksperimentalnom
skupinom u pogledu sadrzaja, redoslijeda i trajanja. Nastava je provedena u okviru
toga planiranog strukturalnoga okvira.

Oba u¢itelja, ucitelj u kontrolnoj skupini i istraziva¢, imali su sli¢cno profesionalno
iskustvo, a nastavni sati odrzavani su istodobno u usporedivim uvjetima u ucionici.
Provedba nastave pracena je putem redovitih sastanaka s u¢iteljem kontrolne skupine
te koristenjem strukturiranih nastavnih planova koji su se provodili i pratili na tjednoj
razini.

Postupak u eksperimentalnoj skupini

Nastava je osmisljena u okviru TPACK modela, dok je model SAMR kori$ten za
opis integracije tehnologije u nastavni proces. Nastavni proces unaprijed je planiran
i proveden u skladu s ciljevima ucenja, sadrzajem, redoslijedom i trajanjem koji su
primijenjeni i u kontrolnoj skupini. U nastavu su ukljuc¢ene aktivnosti podrzane
QR kodovima kako bi se poduprlo predstavljanje i istrazivanje sadrzaja.

Sadrzaj je obuhvacao okoli$ne teme iz prirodoslovlja za treci razred, a tehnologija
je ukljucivala digitalne materijale dostupne putem QR kodova u okruzju mobilnoga
ucenja. Ucenici su koristili mobilne uredaje za pristup videozapisima, animacijama,
igrama i drugim materijalima vodenima QR kodovima. Tjedne aktivnosti bile su
organizirane tako da integriraju sadrzaj, pedagogiju i tehnologiju unutar strukturiranoga
okruzja mobilnoga ucenja. Tehnologija je koristena za provedbu i organizaciju
nastavnih zadataka na nacin koji odgovara razli¢itim razinama SAMR modela, kao
$to je prikazano na Slici 3.

Slika 3

Slika 3 prikazuje tjednu strukturu nastave i razine SAMR modela povezane sa svakom
aktivnos¢u. Model SAMR koristen je za kategorizaciju nacina na koji je tehnologija
integrirana u nastavne zadatke, dok je TPACK osiguravao uskladenost izmedu sadrzaja,
pedagogije i digitalnih alata u aktivnostima podrzanima QR kodovima. Tjedni nastavni
proces u eksperimentalnoj skupini sazeto je prikazan na Slici 4.

Slika 4

Slika 4 prikazuje razvoj aktivnosti od razina zamjene i nadogradnje (npr. gledanje
videozapisa) do modifikacije i redefinicije (npr. aktivnosti snalazenja u prostoru i
videozapisi koje su izradili u¢enici). Vecina aktivnosti bila je uskladena s razinama
modifikacije ili redefinicije. Aktivnosti mobilnoga ucenja u ucionici u eksperimentalnoj
skupini prikazane su na Slici 5.

Slika 5

Slika 5 prikazuje primjere iz nastave u kojima su ucenici sudjelovali u radu s
materijalima podrzanima QR kodovima. Aktivnosti poput izrade videozapisa,
digitalnoga pripovijedanja, igara i potrage za blagom bile su uklju¢ene u nastavni
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proces. U cjelini gledano, ove aktivnosti pokazuju kako je mobilno ucenje podrzano
QR kodovima provedeno u skladu sa SAMR modelom (Hilton, 2016; Kirkland, 2017;
Puentedura, 2014).

Analiza podataka

Bududi da je veli¢ina kvantitativnoga uzorka bila manja od 30 (Can, 2020), primijenjeni
su Wilcoxonov test rangova s predznakom i Mann-Whitneyjev U test. S obzirom na to
da je unutar 2 x 3 istrazivackoga dizajna provedeno $est neparametrijskih usporedbi,
primijenjena je Bonferronijeva korekcija kako bi se kontrolirala inflacija pogreske tipa
I, a prilagodena razina znacajnosti postavljena je na a = ,008.

Dodatno je provedena post hoc analiza statisticke snage za $est neparametrijskih
usporedbi koriStenjem programa GPower 3.1. Veli¢ine ucinka (r), prilagodena razina
znacajnosti (« = ,008) i velic¢ine uzoraka koristene su za izracun postignute snage testa
(1 = P). Izracuni su provedeni primjenom odgovarajucih neparametrijskih testnih modela
u programu GPower 3.1. Rezultati analize statisticke snage prikazani su u Tablici 2.

Tablica 2

Za kvalitativne podatke provedena je induktivna analiza koriStenjem programa
NVivo 14 za obradu polustrukturiranih intervjua. Deskriptivna statistika uc¢enickih
dnevnika prikazana je u Tablici 3. Frekvencije predstavljaju broj dnevnickih zapisa
koje su ucenici iz eksperimentalne skupine predali tijekom svakog tjedna. Varijacije
u tjednim ukupnim vrijednostima odrazavaju razlike u predaji dnevnika, a ne
promjene u broju sudionika.

Tablica 3

Ukupno je tijekom provedbe nastave prikupljeno 164 ucenickih dnevnika. Faze
analize dnevnika prikazane su na Slici 6.

Slika 6

Slika 6 prikazuje korake provedene u analizi kvalitativnih podataka iz u¢enickih
dnevnika: organizaciju podataka, kodiranje, razvoj tema i validaciju putem stru¢ne
procjene. Koraci koristeni u analizi polustrukturiranih intervjua prikazani su na
Slici 7.

Slika 7

Slika 7 prikazuje faze analize intervjua. Intervjui su transkribirani, organizirani,
kodirani i tematski analizirani u programu NVivo. Nakon toga provedena je strucna
evaluacija, a zatim su napravljene zavr$ne dorade.

Kako bi se osigurala pouzdanost, istrazivac i jedan stru¢njak neovisno su kodirali
kvalitativne podatke. Podudarnost kodiranja izra¢unata je primjenom formule Milesa
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i Hubermana (1994), pri ¢emu je dobivena vrijednost od 93,06 %, $to ukazuje na
visoku pouzdanost (iznad 80 %). Prilikom prikaza kvalitativnih nalaza kori$teni su
pseudonimi umjesto stvarnih imena ucenika kako bi se osigurali eticki standardi
i jasnoca kodiranja.

Rezultati

Deskriptivna statistika rezultata na SCAAT predtestu, posttestu i testu zadrzavanja
u obje skupine prikazana je u Tablici 4.

Tablica 4

Postoji li statisticki znacajna razlika izmedu eksperimentalne

i kontrolne skupine u akademskim postignu¢ima ucenika i

zadrzavanju znanja tijekom vremena (predtest, posttest i test

zadrzavanja)?

Usporedba predtesta i posttesta u eksperimentalnoj skupini

Kako bi se utvrdilo postoji li statisticki znacajna razlika izmedu rezultata eksperimentalne
skupine na SCAAT predtestu i posttestu, primijenjen je Wilcoxonov test rangova s
predznakom. Rezultati su prikazani u Tablici 5.

Tablica 5

Kao $to je prikazano u Tablici 5, u eksperimentalnoj skupini zabiljezen je statisticki
znacajan porast rezultata na SCAAT-u od predtesta do posttesta (z = -4,56, p <,001),
uz veliku veli¢inu ucdinka (r = ,878).

Usporedba predtesta i posttesta u kontrolnoj skupini

Kako bi se utvrdilo postoji li statisticki znacajna razlika izmedu rezultata kontrolne
skupine na SCAAT predtestu i posttestu, primijenjen je Wilcoxonov test rangova s
predznakom. Rezultati su prikazani u Tablici 6.

Tablica 6

Kao §to je prikazano u Tablici 6, rezultati na SCAAT-u u kontrolnoj skupini porasli su
od predtesta do posttesta. Ta je promjena bila statisticki znacajna (z = -3,95, p <,001) i
povezana s velikom veli¢inom uéinka (r = ,883). Iako veli¢ine u¢inka za obje skupine
pri zaokruzivanju izgledaju jednako (r =,88), stvarne se vrijednosti neznatno razlikuju
(eksperimentalna skupina: r = ,878; kontrolna skupina: r = ,883). Ova sli¢nost odrazava
dosljedno poboljsanje zabiljezeno kod svih sudionika u objema skupinama, $to
pokazuje izostanak negativnih rangova u Wilcoxonovu testu rangova s predznakom.
Ujedno upucuje na to da su i intervencija i redovita nastava temeljena na kurikulu bile
ucinkovite u povecanju akademskoga postignuca ucenika, iako naknadne usporedbe
izmedu skupina pokazuju dodatne prednosti povezane s eksperimentalnim uvjetom.
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Usporedba posttesta izmedu eksperimentalne i kontrolne skupine

Kako bi se utvrdilo postoji li statisticki znacajna razlika izmedu rezultata eksperimentalne
i kontrolne skupine na SCAAT posttestu, primijenjen je Mann-Whitneyjev U test.
Rezultati su prikazani u Tablici 7.

Tablica 7

Kao $to je prikazano u Tablici 7, rezultati posttesta statisticki su se znacajno razlikovali
izmedu skupina, pri ¢emu je eksperimentalna skupina ostvarila bolje rezultate od
kontrolne skupine (U = 99,50, p <,001). Veli¢ina te razlike bila je umjerena do velika
(r=,54).

Usporedba rezultata testa zadrzavanja izmedu eksperimentalne
i kontrolne skupine

Nakon cetiri mjeseca ponovno je proveden SCAAT test medu ucenicima
eksperimentalne i kontrolne skupine kako bi se ispitao u¢inak mobilnoga ucenja
podrzanoga QR kodovima na zadrZavanje znanja o okoli$nim temama obradenima u
nastavi prirodoslovlja. U tu svrhu analizirani su rezultati posttesta i testa zadrzavanja
u obje skupine primjenom Wilcoxonova testa rangova s predznakom. Rezultati za
eksperimentalnu skupinu prikazani su u Tablici 8.

Tablica 8

Kao sto je prikazano u Tablici 8, rezultati na SCAAT-u u eksperimentalnoj skupini
ostali su stabilni od posttesta do testa zadrzavanja. Razlika nije bila statisti¢ki znacajna
(z=-0,51, p =,61), a veli¢ina ucinka bila je mala (r =,10).

Rezultati analize Wilcoxonova testa rangova s predznakom za rezultate posttesta i
testa zadrzavanja u kontrolnoj skupini prikazani su u Tablici 9.

Tablica 9

Kao $to je prikazano u Tablici 9, u kontrolnoj skupini zabiljezen je znacajan pad
rezultata od posttesta do testa zadrzavanja, $to ukazuje na smanjenje zadrzanoga
znanja tijekom vremena. Ta je razlika bila statisticki znacajna (z = -3,32, p <,001) i
povezana s velikom veli¢inom ucinka (r = ,74).

Kako bi se utvrdilo postoji li statisti¢ki znacajna razlika izmedu rezultata testa
zadrzavanja eksperimentalne i kontrolne skupine, primijenjen je Mann-Whitneyjev
U test. Rezultati su prikazani u Tablici 10.

Tablica 10

Kao $to je prikazano u Tablici 10, eksperimentalna skupina ostvarila je viSe rezultate
na testu zadrzavanja u odnosu na kontrolnu skupinu, $to upucuje na to da je znanje
ste¢eno putem mobilnoga ucenja podrzanoga QR kodovima ucinkovitije zadrzano
tijekom vremena. Ta je razlika bila statisticki znacajna (U = 17,00, p < ,001) i povezana
s velikom veli¢inom ucinka (r = ,80).
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Kakvi su stavovi i iskustva ucenika u eksperimentalnoj skupini u
vezi s primjenom mobilnoga ucenja podrzanoga QR kodovima
tijekom nastave prirodoslovija?

Stavovi ucenika o aktivnostima tijekom nastavnoga procesa

Analizom stavova ucenika o aktivnostima provedenima tijekom nastavnoga procesa
utvrdeno je sedam kodova koji se odnose na pozitivne aspekte tih aktivnosti, kao $to
je prikazano na Slici 8.

Slika 8

Slika 8 prikazuje teme i kodove proizasle iz odgovora ucenika o pozitivnim aspektima
nastavnih aktivnosti. U¢enici su isticali stjecanje znanja putem zabave te su smatrali
da su aktivnosti unaprijedile njihovo iskustvo ucenja. Izravan navod iz intervjua s
ucenicima glasi:

Mislim da je to dobro, i zabavno je i pou¢no. Ne samo da nas sprjec¢ava da samo
rjeSavamo zadatke i dosadujemo se, nego i olak$ava ucenje igrom. Prevladali smo
negativne strane tehnologije. Prije nismo znali $to igrati, a sada moZzemo imati koristi
od tehnologije i koristiti je, nau¢ili smo kako koristiti glazbu (Ayse).

Ucenica je takoder istaknula da su aktivnosti pridonijele u¢inkovitijoj uporabi
tehnologije. Analizom stavova ucenika o negativnim aspektima aktivnosti u nastavi
prirodoslovlja tijekom nastavnoga procesa identificirana su Cetiri koda, kao $to je
prikazano na Slici 9.

Slika 9

Slika 9 prikazuje kodove proizasle iz odgovora ucenika o negativnim aspektima
nastavnih aktivnosti. Veéina ucenika nije navela negativna iskustva, jedan uéenik nije
iznio misljenje, a troje je ucenika identificiralo odredene poteskoce. Dvoje ucenika
spomenulo je nesuglasice medu vr$njacima, dok je jedan ucenik naveo buku u ucionici:
»Buka koju stvaraju ljudi u uc¢ionici”(Derya). U¢enik je istaknuo da je tijekom aktivnosti
u udionici bila prisutna buka.

Stavovi ucenika o emocijama dozivljenima tijekom nastavnoga procesa

Rijeci koje su ucenici najcesce koristili tijekom intervjua kako bi izrazili svoje
emocije u vezi s aktivnostima u nastavi prirodoslovlja bile su ,,znatizelja”, ,uzbudenje”,
»0dli¢no” i ,,sretan”. Ovi izrazi upucuju na to da su ucenici iskustvo ucenja u velikoj
mjeri povezivali s pozitivnim emocijama. Izravan citat iz intervjua s ucenicima glasi:

»Sretan, uzbuden, znatiZeljan. Na primjer, svi su uzbudeni, pitaju se koje ée se pitanje
pojaviti i ho¢emo li biti prvi. Zatim bodre prijatelje govoredi: ,Hajde, prijatelji, rijeS§imo
ovo pitanje”. Kasnije se pitaju $to ¢e se pojaviti i hoce li biti tesko. Na kraju, kada je
aktivnost zavrSena, svi su sretni i raduju se”. (Asly).

Sli¢ni rezultati dobiveni su analizom ucenickih dnevnika koriStenih u nastavi
prirodoslovlja.
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Tablica 11

Kao sto je prikazano u Tablici 11, ucenici su na kraju nastavnih aktivnosti najcesce
navodili osjecaj srece. Uz to, ¢esto su spominjani i uzbudenje te znatizelja. Ovi su
nalazi u skladu s rezultatima dobivenima iz intervjua s ucenicima. Izravan citat iz
ucenickih dnevnika glasi: ,,Osje¢ao sam se odli¢no, imao sam osjecaj da sve znam?” To
upucuje na to da su aktivnosti ucenike ¢inile sretnima te da su se osjecali sigurnima
u vlastiti proces ucenja.

Analizom stavova ucenika o metodama poucavanja u nastavi prirodoslovlja
identificirano je sedam kodova koji se odnose na aktivnosti u kojima su najvise
uzivali. Ti su kodovi grupirani u dvije glavne teme: vrsta aktivnosti i mjesto provedbe
aktivnosti, kao $to je prikazano na Slici 10.

Slika 10

Slika 10 prikazuje vrste aktivnosti u kojima su ucenici tijekom nastavnoga procesa
najviSe uzivali. Medu njima su najcesce isticane aktivnosti temeljene na QR kodovima.
Na Slici 11 prikazane su aktivnosti u kojima su ucenici uzivali, razvrstane prema
mjestu njihove provedbe.

Slika 11

Slika 11 pokazuje da su ucenici naj¢e$¢e uzivali u aktivnostima provedenima u
ucionici. Izravan navod iz intervjua glasi: ,, Aktivnost koju smo radili u hodniku
bila je jo$ zabavnija jer je na$ tim bio prvi. Bilo je zabavnije, stalno kretanje s jednog
mjesta na drugo i rjeSavanje kodova bilo je zanimljivo” (Baris). Ovaj iskaz pokazuje
da je ucenik aktivnost provedenu u hodniku, kategoriziranu kao $kolsku aktivnost,
dozivio posebno zabavnom.

Utvrdeno je da samo jedan ucenik nije uzivao u aktivnostima. Sljedeci navod
odrazava njegovo stajaliste:

»Irenuta¢no nema takve aktivnosti, ali ako to ponovno budemo radili, mozda ce
biti. Imam stvari koje mi se ne svidaju, ali u igrama s QR kodovima nema reda na
poteze, Zele biti prvi pa zaostanu. Tada se naljutim. Ne kazem da su igre loSe, ali moji
prijatelji igraju na nacin koji me nervira.” (Murat)

Ovaj iskaz upucuje na to da nezadovoljstvo nije povezano s aktivnostima samima
po sebi, ve¢ s interpersonalnim nesuglasicama medu ucenicima.

Stavovi ucenika o tome jesu li tijekom aktivnosti imali poteskoca

Analizom poteskoca s kojima su se ucenici susretali tijekom aktivnosti utvrdeno
je daje 11 ucenika imalo odredene poteskoce, dok 4 ucenika nisu prijavila nikakve
probleme. Za uocene poteskoce identificirano je pet kodova, kao $to je prikazano na
Slici 12.

Slika 12
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Slika 12 prikazuje kodove povezane s uzrocima poteskoca koje su ucenici dozivjeli
tijekom nastavnoga procesa u nastavi prirodoslovlja. Najcesce prijavljeni problemi
odnosili su se na same aktivnosti, dok su poteskoce povezane s internetskom vezom
bile najmanje zastupljene. Sljedeci izravan navod to ilustrira:

»Zapravo nisam imao nikakvih problema, ali tablet je ponekad zastajkivao, $to je
predstavljalo manji problem. Nije bilo posebnih potesko¢a ni zahtjevnih dijelova.
Imao sam poteskoca s igrom pokrivanja. Bududi da je tablet zastajkivao, nisam mogao
skenirati QR kodove, pa sam tada imao problema”. (Mert)

Ovaj navod pokazuje da ucenik nije imao dugotrajne poteskoce, ali je tijekom
pojedinih aktivnosti iskusio tehnicke probleme povezane s uredajem.

Stavovi u¢enika o izvannastavnim aktivnostima podrzanima QR kodovima

Analizom izjava ucenika o izvannastavnim aktivnostima podrzanima QR kodovima
u nastavi prirodoslovlja identificirano je 11 kodova. Ti su kodovi svrstani u dvije glavne
tematske kategorije: pozitivni aspekti i negativni aspekti, kao $to je prikazano na Slici 13.

Slika 13

Slika 13 prikazuje teme i kodove koji se odnose na percepcije ucenika o izvannastavnim
aktivnostima podrzanima QR kodovima. Ucenici su ove aktivnosti najceSce opisivali
kao ucinkovite u ponavljanju i utvrdivanju gradiva. Takoder su ¢esto navodili da takve
aktivnosti pridonose povec¢anju akademskoga postignu¢a. Medutim, jedan je ucenik
iznio negativno misljenje zbog nemogucnosti otvaranja QR kodova te izostanka
grupnoga rada.

Stavovi ucenika o grupnom radu u okruzju mobilnoga u¢enja podrzanom
QR kodovima

Analizom izjava u¢enika o grupnim aktivnostima provedenima u okruzju mobilnoga
ucenja podrzanom QR kodovima identificirano je Sest kodova. Ti su kodovi svrstani
u dvije glavne tematske kategorije: pozitivni aspekti i negativni aspekti, kao §to je
prikazano na Slici 14.

Slikal4

Slika 14 prikazuje teme i kodove proizasle iz u¢enickih refleksija o grupnim
aktivnostima u okruzju mobilnoga ucenja podrzanom QR kodovima u nastavi
prirodoslovlja. Suradnja i pove¢ana motivacija bili su najcesce istaknuti pozitivni
aspekti grupnoga rada. Medutim, troje ucenika navelo je nesuglasice unutar svojih
skupina kao negativno iskustvo.

Stavovi o ucinku aktivnosti na razvoj, vjestine i stavove ucenika

Identificirano je osam kodova povezanih s u¢inkom aktivnosti na razvoj, vjestine i
stavove ucenika. Oni su prikazani na Slici 15.
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Slika 15

Slika 15 sazima stavove ucenika o tome kako su nastavne aktivnosti utjecale na
njihove vjestine i stavove. Vecina ucenika izvijestila je o pozitivnijim stavovima
prema prirodoslovlju i okoli$u, uz povecan interes i angazman. Iako su se misljenja
o tehnologiji razlikovala, opéenito je zabiljeZen porast samopouzdanja. Sto se tice
vjestina, jedan ucenik nije primijetio promjene u rje$avanju problema ili istrazivanju,
dok su dva ucenika navela mjesovite u¢inke na komunikaciju. Ve¢ina je, medutim,
istaknula napredak u komunikaciji, primjeni znanja u stvarnome Zivotu i akademskome
postignucu.

Integracija kvantitativnih i kvalitativnih nalaza pruza sveobuhvatno razumijevanje
rezultata. Nalazi ukazuju na konvergenciju u pogledu pobolj$anja akademskoga
postignuca i zadrzavanja znanja, dok kvalitativni podatci obja$njavaju temeljne
mehanizme, poput povecanoga angazmana, uZivanja i moguc¢nosti za ponavljanje i
utvrdivanje gradiva. Nadalje, kvalitativni nalazi prosiruju interpretaciju otkrivajuci
manje poteskoce u provedbi, ¢ime se pruza nijansiranija i realisti¢nija slika procesa
implementacije.

Diskusija

Analiza unutargrupnih i medugrupnih usporedbi u pogledu akademskoga postignuca
i zadrzavanja znanja (RQ1), zajedno s kvalitativnim nalazima, pokazala je da su i
tradicionalna nastava i QR-mobilno ucenje doveli do povecanja SCAAT rezultata
ucenika, pri ¢emu su ucinci bili izraZeniji u eksperimentalnoj skupini. Ovi rezultati
potvrduju da je mobilno ucenje najucinkovitije kada je integrirano u pedagoski
utemeljene nastavne dizajne. Prethodna istrazivanja takoder pokazuju da mobilno
ucenje poboljsava zadrzavanje znanja, motivaciju i sudjelovanje u nastavi prirodoslovlja
i okoli$noga odgoja i obrazovanja (Kalogiannakis i Papadakis, 2017; Uzunboylu i sur.,
2009; Zacharia i sur., 2016). Interaktivne aktivnosti usmjerene na ucenika poticu
angazman i postignuce kontinuiranim, dostupnim i interaktivnim ucenjem (Chang
isur., 2011; Demir i Akpinar, 2018; Rikala, 2015).

U skladu s prethodnim istrazivanjima u podrudju okoli$noga obrazovanja, mobilno
podrzane aktivnosti pokazale su se u¢inkovitima u pobolj$anju u¢enikovih obrazovnih
postignuca (Chang i sur., 2011). Metaanalize pokazuju da dugoro¢no i dobro
strukturirano mobilno ucenje daje snaznije rezultate (Chauhan, 2017; Yang i Xiang,
2024). Osim toga, ucinkovitost takvih okruZea usko je povezana s pedagoskim dizajnom,
angazmanom ucenika i kontekstualnom interakcijom (Rikala, 2015). Osmerotjedni
dizajn ovoga istrazivanja podupire navedene nalaze, sugerirajuci da nastava integrirana
s tehnologijom moze unaprijediti ucenje prirodoslovlja u osnovnoj skoli. U¢inkovitost
mobilnoga udenja ovisi o pedagoskom dizajnu, relevantnosti sadrzaja i angazmanu
ucenika (Daulay i sur., 2023; Tanaka i Ishizaki, 2018; Timotheou i sur., 2023). Mobilni
uredaji omogucuju promatranje i prikupljanje podataka te podrzavaju ucenje putem
vizualnih i iskustvenih procesa, a to je pristup prikladan za mlade uc¢enike (Furio i
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sur., 2015). Suprotno tome, neka istrazivanja pokazala su da mobilno ucenje ne dovodi
do visih ishoda ucenja u odnosu na tradicionalne pristupe, umjesto toga zabiljezene
su slicne razine obrazovnoga postignuca i usvajanja znanja u razli¢itim nastavnim
medijima i uvjetima ucenja (Nouri i sur., 2014; Ruchter i sur., 2010). Ovi nalazi mogu
biti povezani s razlikama u nastavnom dizajnu, trajanju provedbe i kontekstualnim
uvjetima.

Analiza zadrzavanja znanja pokazala je da stabilni rezultati izmedu posttesta i
odgodenoga testa u eksperimentalnoj skupini odrazavaju odrzivo ucenje, dok pad
u kontrolnoj skupini upucuje na kratkoro¢ne uc¢inke. Medutim, iako nije utvrdena
statisticki znacajna razlika izmedu posttesta i testa zadrzavanja u eksperimentalnoj
skupini, ovaj rezultat treba tumaciti s oprezom zbog niske statisticke snage
povezane s malom veli¢inom ucinka. Ipak, uodeni obrazac stabilnoga postignuca
u eksperimentalnoj skupini sugerira da mobilno u¢enje podrzano QR kodovima
moze pridonijeti dugoro¢nom angazmanu ucenika. Smisleno ucenje stoga zahtijeva
kontinuirani angazman i ponavljano digitalno utvrdivanje gradiva (Demir i Akpinar,
2018; Najmuldeen, 2017). Nastavni dizajni koji kombiniraju interaktivnost, ponavljanje
i emocionalni angazman, u skladu s razinom ,,Redefinition” u SAMR modelu, daju
snaznije rezultate. Integrirana analiza kvantitativnih i kvalitativnih nalaza pokazuje
da su uocena pobolj$anja u akademskom postignucu i zadrzavanju znanja usko
povezana s povecanim angazmanom ucenika, osje¢ajem zadovoljstva i moguc¢nostima
za ponavljanje koje pruza QR-mobilno okruzje ucenja.

U skladu s kvantitativnim nalazima o postignucu i zadrzavanju znanja, povratne
informacije ucenika potvrdile su pozitivan utjecaj QR-mobilnoga ucenja na motivaciju
i stavove. Ucenici su aktivnosti opisivali kao zabavne i poucne, §to je u skladu s
istrazivanjima koja pokazuju povecéani angazman putem QR-temeljene primjene
(Timotheou i sur., 2023; Uzunboylu i sur., 2009). ZnatiZelja i osjetljivost mladih u¢enika
na tehnologiju povecale su njihovo sudjelovanje, dok su stariji u¢enici preferirali tiskane
materijale (Bjorgen, 2022; Vanhofen i sur., 2023). Stoga su dob i nastavna struktura
klju¢ni ¢imbenici koji oblikuju motivaciju i stavove.

Kvalitativni rezultati takoder su pokazali da QR-mobilno uéenje potice znatizelju i
uzbudenje, ¢ime se jaca emocionalna ukljucenost i intrinzi¢na motivacija (Heinonen,
2015; Hilton, 2016). Takva okruzja pruzaju iskustva koja nisu dostupna u tradicionalnim
nastavnim okruzjima i poticu istrazivanje (Chou i sur., 2012). Ucenici su izvijestili da
ponovno pregledavanje digitalnih sadrzaja kod kuce u¢vrscuje njihovo razumijevanje,
¢ime se ucenje prosiruje izvan ucionice (Crompton i Burke, 2018). Individualizirani
zadatci temeljeni na QR kodovima odrazavaju razine ,,Modification” i ,,Redefinition”
u SAMR modelu, poticuéi samoregulaciju i odgovornost.

Istrazivanje je uc¢inkovito integriralo tehnolosko, pedagosko i sadrzajno znanje
unutar TPACK okvira (Koehler i Mishra, 2009), podrzavajuci samostalno ucenje
(Abedi i sur., 2023; Ehsanpur i Razavi, 2020). Suradnicki rad u skupinama unaprijedio
je komunikaciju i rjeSavanje problema (Bovanova, 2023; Rikala, 2015), $to je u skladu
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s medunarodnim nalazima u prirodoslovnom obrazovanju (Lin i sur., 2019; Ryu i
sur., 2015). Unato¢ povremenim sukobima, ve¢ina ucenika izvijestila je o povecanoj
motivaciji i odgovornosti, §to je u skladu sa sociokulturnom teorijom (Vygotsky, 1978).

Ucenici su takoder izrazili vece samopouzdanje u koristenju tehnologije. Integracija
QR-mobilnoga ucenja u aktivnosti u ucionici i izvan nje povecala je angazman i
postignuce (Chauhan, 2017). Personalizirani digitalni zadatci potaknuli su autonomiju
i zadovoljstvo, pokazujuéi da dobno prilagodeno mobilno ucenje podrzava smisleno
sudjelovanje. Iako je zabiljezen napredak u komunikaciji i povecan interes za okoli$ne
teme, napredak u visim kognitivnim vje$tinama, poput rjeSavanja problema, ostao
je ogranicen, $to ukazuje na potrebu za dodatnim pedagoskim potporama u ranom
obrazovanju (Timotheou i sur., 2023). Povezivanje aktivnosti s lokalnim okolisnim
problemima povecalo je relevantnost i motivaciju (Kalogiannakis i Papadakis, 2017).

Uocena su odredena ogranicenja. Tehnicki problemi (pristup internetu i dostupnost
uredaja) te povremene napetosti u skupinama uzrokovale su kratkotrajne prekide
(Rivers, 2009). Izazovi poput troskova i odrzavanja ukazuju na potrebu za odrzivom
infrastrukturom i upravljanjem (Bleck i sur., 2012; Barak i sur., 2016). Drugo
ogranicenje odnosi se na provedbu nastave. Iako je nastavna provedba unaprijed
planirana i standardizirana izmedu skupina u pogledu sadrzaja, redoslijeda i trajanja,
eksperimentalnu skupinu poucavao je istraziva¢, dok je kontrolnu skupinu poucavao
drugi uditelj. To je moglo dovesti do mogucega ucinka nastavnika. Nadalje, provedba je
pracena redovitim sastancima s uciteljem kontrolne skupine i koristenjem strukturiranih
nastavnih planova koji su se pratili na tjednoj razini. Medutim, nisu provedene formalne
ucionicke opservacije ni neovisne mjere provjere dosljednosti provedbe. Stoga su
rezultati mogli biti djelomi¢no pod utjecajem ¢imbenika povezanih s nastavnikom,
uz ucinak QR-mobilnoga ucenja. Dodatno ogranicenje odnosi se na mogu¢i ucinak
novosti. Buduéi da su ucenici prvi put bili izloZzeni mobilnom uéenju podrzanom
QR kodovima, njihova pove¢ana motivacija i paznja mogli su biti posljedica novosti
ucenja, a ne same nastavne metode. Stoga rezultate treba tumaciti s oprezom jer mogu
djelomi¢no odrazavati kratkoro¢ni angazman povezan s uvodenjem novih tehnologija.
Nadalje, statisticka snaga za usporedbu zadrzavanja znanja u eksperimentalnoj skupini
bila je niska (1 — f =,04). Stoga neznacajni rezultat treba tumaciti s oprezom jer moze
biti posljedica nedovoljne statisticke snage, a ne stvarnog izostanka ucinka.

Uzimaju¢i u obzir navedeno, dobiveni rezultati ne bi se trebali tumaciti isklju¢ivo kao
ucinak uporabe QR kodova, ve¢ kao ukupni u¢inak pedagoskog dizajna primijenjenoga
u QR-mobilnom okruzju uenja. Opéenito, istrazivanje potvrduje da dobro osmisljeno,
razvojno primjereno QR-mobilno u¢enje moze unaprijediti poucavanje prirodoslovlja
u osnovnoj $koli. Integracija putem SAMR i TPACK okvira donosi mjerljive dobitke
u postignucu i motivaciji te potice suradnju i odrzivo ucenje.

Zakljucak
Istrazivanje je pokazalo da je QR-mobilno ucenje ucinkovitije od tradicionalne
nastave u pobolj$anju postignuca i zadrzavanja znanja ucenika tre¢ih razreda. Ucenici
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su proces opisali kao zabavan i motivirajuci te kao podrsku njihovim iskustvima ucenja.
Rezultati pokazuju da, kada se tehnologija koristi primjenom dobro osmisljenih, dobno
prilagodenih i u¢eniku usmjerenih metoda, doprinosi pobolj$anju akademskoga
postignuca i povezana je s pozitivnim iskustvima ucenja. Utemeljeno na SAMR i
TPACK okvirima, istrazivanje potvrduje da obrazovna vrijednost tehnologije ovisi o
pedagoskoj kvaliteti, a ne o njezinoj samoj prisutnosti. Aktivnosti koje poti¢u suradnju
i kreativnost povecale su angazman ucenika. Iako je istrazivanje ograniceno na jednu
osmotjednu nastavnu cjelinu iz prirodoslovlja u jednoj turskoj osnovnoj skoli, ono
istice QR-mobilno ucenje kao pristupacan i troskovno ucinkovit model za fleksibilno
i individualizirano poucavanje. Buduca istrazivanja trebala bi ispitati njegov utjecaj
na motivaciju, samoregulaciju i socijalnu interakciju u $irim dobnim skupinama.

Preporuke

Ovo istrazivanje ukazuje na to da inovativne nastavne prakse, poput mobilnoga
ucenja podrzanoga QR kodovima, mogu uciniti ucenje uc¢inkovitijim, trajnijim i
Stoga se preporucuje $ira primjena QR-mobilnoga ucenja u okolisnom obrazovanju
na osnovnoskolskoj razini.

Istrazivanje je ograni¢eno na ucenike trecega razreda u jednoj turskoj osnovnoj skoli
te na osmotjednu nastavnu cjelinu ,,Ziva bi¢a” Ta ograni¢enja smanjuju moguénost
generalizacije nalaza na druge dobne skupine, tipove $kola i sociokulturne kontekste.

S pedagoskoga aspekta, mobilno ucenje podrzano QR kodovima pokazuje prednosti
koje nadilaze prijenos sadrzaja, utjecuci na dizajn nastave i obrazovne politike.
QR kodovi su jeftini, dostupni i jednostavni za izradu, ¢ime podrzavaju jednakost u
okruzjima s ogranicenim digitalnim resursima. U interdisciplinarnim podru¢jima
poput okolisnoga obrazovanja, QR materijali mogu pruziti mikroudenje, prilagodeno
razli¢itim brzinama udenja i individualnim potrebama, ¢ime se poti¢u fleksibilna i
uceniku usmjerena okruzja.

Na razini obrazovne politike, integracija QR tehnologije s otvorenim, uciteljski
generiranim sadrzajem moze predstavljati skalabilnu i troskovno uéinkovitu strategiju
za smanjenje digitalne nejednakosti. Buduca istraZivanja trebala bi ukljucivati vece
uzorke, razlicite dobne skupine i longitudinalne dizajne kako bi se ispitali dugoro¢ni
ucinci mobilnoga ucenja ne samo na postignuce, ve¢ i na interakciju, samoregulaciju
i afektivni angazman. Teorijski, integracija SAMR i TPACK okvira sa sociokulturnim,
motivacijskim i kognitivnim perspektivama moze pruziti sveobuhvatniji okvir za
analizu procesa ucenja potpomognutih tehnologijom.
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