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ABSTRACT

This study examined differences in student academic performance, self-efficacy, and learning
engagement in the context of differentiated instruction (D) in a cross-grade after-school science
program, a setting promoted by China’s "Double Reduction Policy". Using a quasi-experimental
design, 129 primary students were assigned to DI (experimental) or conventional instruction (control)
groups, with a pretest confirming equivalent baselines. The results showed that the DI group
showed higher academic achievement (particularly in higher-order cognitive achievements) and
learning engagement compared to the control group. Furthermore, although the post-test
self-efficacy scores showed no significant differences, the student interviews revealed a contrasting
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pattern. Overall, the findings provide evidence on how DI operates in complex classroom settings

and provide practical implications for teaching.

Introduction

After-school programs have gained much popularity in K-12
schools on a global horizon. Families and communities value
after-school programs to support young learners and teens
for their academic and personal development. A wide vari-
ety of after-school activities in the programs have been
implemented in many countries to provide additional learn-
ing time and meet diverse learning needs (Boggs, 2024;
Magaji et al., 2022; McMahon et al., 2021; Shea et al., 2023).
Countries such as Sweden and Australia have implemented
structured after-school initiatives to improve academic out-
comes and promote physical well-being, respectively
(Karlsudd, 2023; Veldman et al, 2020). In 2021, China
introduced Double Reduction Policy to establish some essen-
tial principles for after-school services, which has signifi-
cantly shaped the development of after-school programs.
While Double Reduction Policy emphasizes the reduction of
students’ homework and off-campus tutoring load, the pro-
vision of extended-hour educational programs offered by
primary schools is allowed and encouraged. As a result, pri-
mary schools have since launched different kinds of
after-school interest programs. While such initiative is wel-
comed by parents, schools and teachers have experienced
additional pressure due to the lack of sufficient funding and
teacher participation. Many primary schools only afford to
cross-grade levels after-school programs (Liu & Yuan, 2024).
Although the programs are generally flexible and less formal
than regular classroom instruction, this flexibility primarily
allows students to choose whether to participate based on

personal interests at the semester begin, often spanning
cross-grade levels. The non-formal nature emphasizes
interest-driven learning rather than strictly adhering to a
regulated course with predetermined objectives and assess-
ments. However, once enrolled, students are required to
attend classes at fixed times and locations, and teachers fol-
low a planned instructional schedule while guiding learning
and fostering student interests. While this structure accom-
modates students’ preferences, it still does not fully achieve
programs to tailor instruction to students’ prior academic
levels, especially in cross-grade settings.

Differentiated Instruction (DI) allow teachers to address
the diverse needs of students by tailoring content, process,
product and learning environment. It has been regarded as
a significant approach for addressing educational challenges
(Tomlinson, 2000). As an onto-epistemological approach for
teaching, DI acknowledges that all learners possess the right
to be appropriately challenged and to achieve their maxi-
mum potential within educational settings (Goodnough,
2010). In light of the increasing diversity encountered in
contemporary classrooms, DI has attracted considerable
interest in both research and teaching practice. At present,
most of the literature on the adoption of DI has focused on
K-12 settings, especially primary schools. However, little has
focused on cross-grade students learning in after-school
classes. Our study aims to fill the gap by examining the use
of DI on the learning performance of students at different
grade levels in one after-school science program as well as
the challenges and opportunities involved in designing and
implementing this DI inspired program in China.
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Literature review
DI in K12 education

DI is a student-centered approach that adjusts content, pro-
cess, product, and learning environment based on learners’
cognitive levels, interests, and learning styles. Rather than
following a fixed model, DI reflects a flexible mindset that
values student diversity (Tomlinson, 2000; Tomlinson &
McTighe, 2006). Effective implementation of DI requires
teachers to adapt their instruction according to student
characteristics (Grecu, 2023), yet this is often challenging
due to the complex skills and planning involved (Hattie,
2008; van Geel et al., 2019). Suprayogi and Valcke (2016)
highlight five core features of DI: addressing learner differ-
ences, applying specific strategies, diversifying activities,
monitoring individual needs, and maximizing outcomes.
These practices depend on a clear understanding of student
profiles through pre-assessment (Suwastini et al, 2021;
Tomlinson & Moon, 2013). Based on such student profiles,
specific strategies such as flexible grouping and tiered activ-
ities have been shown to enhance engagement and better
accommodate learning differences (Ariss, 2017). In addition,
providing differentiated learning materials—such as leveled
texts, multimedia resources—plays a crucial role in support-
ing DI. These materials can be adapted in terms of com-
plexity, modality, and presentation format to align with
students needs (Dack & Tomlinson, 2015; Subban, 2006;
Tomlinson, 2014). Another widely used pedagogical approach
for implementing DI is inquiry-based learning (IBL).
Different forms of inquiry—structured, guided, and open,
can be matched to students’ developmental levels and auton-
omy, making IBL highly adaptable for differentiation (Banchi
& Bell, 2008). For instance, lower level learners may benefit
more from structured inquiry supported by explicit guid-
ance, whereas high level students often thrive in open
inquiry environments where they assume full responsibility
for the investigative process. Recently, digital tools such as
intelligent learning platforms have shown promise in sup-
porting DI by enabling teachers to deliver tailored learning
materials and by capturing real-time data on students” learn-
ing (Pozas et al., 2020).

Building on these theoretical foundations and classroom
approaches, empirical studies have increasingly examined the
effectiveness of DI, highlighting its potential to improve stu-
dents’ academic performance, motivation, and engagement—
although findings remain mixed. For instance, Lai et al.
(2020) explored the effect of DI on the learning performance
of a group of Grade Six students in mathematics. They
found that DI significantly improved students’ mathematics
self-efficacy, learning motivations, and problem-solving skills.
In a randomized experiment, Haelermans et al. (2015)
revealed a positive and significant effect of digital differenti-
ation on the academic performance of Grade Eight students.
Focusing on senior high-school classes, Pablico et al. (2017)
explored the effects of DI implementation on science stu-
dents using mixed methods research. The study was con-
ducted with students in the same grade and found that DI
was positively perceived by both teachers and students,

leading to improved student engagement and enhanced
classroom dynamics. However, despite these promising find-
ings, not all research supports the effectiveness of DI. Earlier
meta-analyses such as Horak (1981) report minimal or even
negative effects, suggesting inconsistencies in outcomes.

Current research on DI has primarily concentrated on its
implementation within formal science classroom settings,
leaving its applicability in informal learning environments—
such as after-school programs—Ilargely underexplored and
insufficiently validated. Furthermore, much of the current
literature concentrates on single-grade classrooms, with lim-
ited attention paid to cross-grade instructional environments
where the complexity of applying DI may be even greater
(Smale-Jacobse et al., 2019).

Science education in after-school programs

As an extension of and complement to the classroom,
after-school programs offers significant advantages by pro-
viding a more relaxed and IBL environment. It bridges the
gap between classroom education and students’ natural curi-
osity. This flexibility allows for a personalized IBL experi-
ence, which has been shown to increase motivation,
engagement, and academic achievement, making after-school
programs an important part of education reform (Vandell
et al., 2007).

Regarding the science education in after-School program,
from the perspective of Kolbs Experiential Learning Theory
(1984), this program that allows students to construct knowl-
edge through inquiry engagement and reflection can support
individualized learning paths that adapt to each student’s
interest, and cognitive level. Previous researches have demon-
strated the value of after-school science program. For exam-
ple, research by Moreno et al. (2016) demonstrates that
after-school STEM activities increase Grade Five students’
STEM-related content knowledge and skills. Sahin et al.
(2014) explored the characteristics of STEM-related
after-school activities and found that these programs empha-
size open-ended, collaborative scientific investigations. Such
activities provide students with opportunities to develop 21st
century skills while fostering interest and engagement in
STEM fields. The findings of Newell et al. (2015) suggest
that after-school programs that actively engage students in
enjoyable and purposeful scientific activities can improve
their preparedness for future science coursework and careers.

Since 2020, primary schools across China have increas-
ingly implemented after-school programs that span multiple
grade levels, with science education emerging as a popular
offering. However, these cross-grade settings present signifi-
cant challenges for educators, as students often exhibit wide
variations in cognitive development, prior knowledge, and
individual learning needs. While after-school science educa-
tion offers distinct advantages—such as greater instructional
flexibility and opportunities for IBL, ensuring its effective-
ness in highly heterogeneous classrooms remains a pressing
concern. In particular, identifying pedagogical strategies that
can provide effective guidance and accommodate diverse
learners in such contexts has become a critical issue.



Addressing this challenge serves as both the starting point
and the practical foundation of the present study.

DI in after-school science program

Nowadays, after-school science programs have gained
increasing global attention as an important complement to
formal schooling, with countries such as the United States
(Allen et al, 2019), the United Kingdom (Magaji et al,
2022), and Australia (Hayes, 2018) widely implementing
after-school STEM or science enrichment initiatives. Despite
their growing popularity, student diversity remains a central
challenge, necessitating flexible program designs and tar-
geted support to ensure equitable participation and mean-
ingful learning experiences for all students.

Although existing literature indicates that DI—which
integrates instructional design with students’ learning prefer-
ences—holds promise for enhancing extracurricular science
education, empirical findings remain inconsistent (Pablico
et al., 2017). These inconsistencies can be attributed to sub-
stantial variations in research design, measurement tools,
and instructional implementation across studies, which in
turn lead to divergent conclusions regarding DI’s effective-
ness. Furthermore, many studies suffer from methodological
limitations, such as small sample sizes and inadequate con-
trol of confounding variables, thereby undermining the reli-
ability and generalizability of their findings (Smale-Jacobse
et al, 2019). Most notably, there remains a distinct lack of
systematic, large-scale research focused specifically on the
application of DI within after-school science programs at the
primary school cross-grade level—highlighting a critical gap
that this study aims to address.

In China, after-school science programs creating a more
favorable environment for individualized instruction. This
advantage is further enhanced by the rapid development of
intelligent educational technologies in both software and
hardware, which enable teachers to collect and analyze
real-time student data more efficiently (Durlak & Weissberg,
2007). As a result, educators are better equipped to imple-
ment evidence-based teaching practices, monitor student
progress closely, and tailor instructional strategies to meet
individual learning needs. These conditions collectively cre-
ate a practical foundation for applying DI in after-school
science education, allowing teachers to respond more effec-
tively to diverse student profiles and promote deeper, more
personalized learning (Maeng, 2017).

However, due to the pronounced heterogeneity among
cross-grade students in after-school science programs—par-
ticularly in terms of cognitive development, prior knowl-
edge, and learning needs—the design and evaluation of
instruction in such settings become significantly more com-
plex and challenging. These contextual factors complicate
the implementation of pedagogical approaches and the mea-
surement of learning outcomes, thereby highlighting the
urgent need for context-sensitive, empirical research to
explore effective instructional models within local educa-
tional environments.

The use of DI in after school cross-grade science pro-
grams is expected to reflect the respective advantages of
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both instructional design that values student diversity and
the flexible learning environment inherent in informal edu-
cation. This study aims to examine how DI is associated
with student learning performance, including their academic
achievements, self-efficacy, and learning engagement, in a
cross-grade after school science program. The following
research questions are proposed:

1. How is DI associated with academic achievement in
a cross-grade level after-school science program?

2. How is DI associated with self-efficacy in a cross-grade
level after-school science program?

3. How is DI associated with learning engagement in a
cross-grade level after-school science program?

Methods
Participants

This study was conducted at an urban primary school in
Western China and involved two cross-grade after-school
science groups comprising a total of 129 students from
Grades Three, Four and Five. At the start of the semester,
these students voluntarily selected the science program from
all after-school programs offered by the school based on
their personal interests, at the same time, chose one of the
two available class time slots. As a result, students enrolled
voluntarily into the two classes. After enrollment was final-
ized, one class was randomly designated as the experimental
group and the other as the control group. The experimental
group, which met on Tuesdays, included 21 Grade Three, 22
Grade Four, and 21 Grade Five students (35 boys and 29
girls; average age = 11.20years). The control group, which
met on Wednesdays, comprised 22 Grade Three, 21 Grade
Four, and 22 Grade Five students (36 boys and 29 girls;
average age = 11.22years). Prior to the experiment, informed
consent was obtained from teachers, parents, and students
through a formal consent process approved by the local
Ethics Committee.

Research design and procedures

This study employed a quasi-experimental research design to
explore the impact of DI on students’ academic achievement,
self-efficacy and learning engagement. Before the experi-
ment, all students completed a self-efficacy questionnaire
and Pretest of academic levels. Pretest results indicated no
statistically significant differences between the experimental
and control groups in terms of academic performance or
self-efficacy, confirming group equivalence at baseline.
During the eight weeks, DI was implemented in the experi-
mental group, while the control group received traditional
teaching approach and was scheduled to receive the same DI
intervention after the completion of the post-test and inter-
view (delayed intervention design). Both classes were taught
by the same teacher with strong ICT skill. The teacher had
no prior familiarity with the students and had undergone a
two-month DI training provided by the research team prior
to the commencement of the experiment. The training
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Experimental group Control group

64 students 65 students

Signing contest form
Pre-test of academic levels

Self-efficacy questionnaire

DI (Differentiated
Instruction) learning

l l

Completing the Post-test of academic levels and self-efficacy
questionnaire (students)
Semi-structured interviews (the teacher and students)

Traditional learning

(8 Weeks)

Figure 1. Research procedure.

Table 1. After-school science class topic and IBL.

Week Topic IBL

1 Sound Inquiring the sound transmission effects of different
objects.

2 Fermentation  Inquiring the effect of temperature on fermentation

of yeast using yeast as the research object.

3 Heat transfer  Inquiring the contact between objects at different
temperatures.

4 Heat transfer  Inquiring the transfer of heat in metals

5 Dissolve Inquiring which factors can change the rate of
disappearance of substances in water.

6 Magnet Inquiring the factors that affect the proximity and
bounce of two magnets toward each other.

7 Light Inquiring why the size and shape of shadows change.

8 Oxidize Inquiring the reasons for the yellowing of apples as

the research object.

content includes DI concepts, task design, dynamic group-
ing, and the use of intelligent learning platforms.

The experiment was conducted in the physical classroom
of the school. The classroom was equipped with an interactive
whiteboard and 68 tablets. The students in the experimental
group used the intelligent learning platform on the tablet to
receive learning tasks and materials from the teacher to sup-
port learning. At the same time, the platform supports the
teacher to deliver different resources to different student
groups and helps teacher to collect the number of times every
student accesses the learning materials, the duration of each
learning, the time and accuracy required to complete tasks.

To mitigate potential teacher-induced bias, two control
measures were implemented during the experiment. First, the
teacher was required to participate in preparatory activities
before each class that emphasized pedagogical neutrality and
explicitly prohibited any intentional variation in instructional
quality between the experimental and control groups. Second,
after obtaining informed consent from both the teacher and
the students, the research team conducted periodic reviews of
classroom video recordings and systematically monitored stu-
dents’ activities on the learning platform, thereby ensuring
that any observed differences could be attributed to the DI
intervention rather than teacher-related bias.

The experiment was conducted eight weeks, and students
participated in the after-school science program once a

Table 2. Differentiated learning activities design.

Student Process

academic Content (learning (inquiry-based Product (required

level materials) learning & activity) outputs)

Low Comprehensive Structured Inquiry:  Completing the
materials: Replicating the teacher-provided
Including inquiry guided worksheets
instructional procedures (documenting
videos (scientific demonstrated in results).
knowledge, prior the instructional
knowledge, videos.
detailed
procedures) and a
guided worksheet
(text form) for
documenting
experimental
results.

Medium  Focused materials: Guided Inquiry: Interpreting their
Including topic Following the inquiry results
knowledge in a key procedural based on the
mind map, key steps to worksheet prompts
procedural steps complete the (recording results
(text), and a inquiry. and providing
worksheet for explanations).
recording results
and providing
explanations.

High Minimal core Open Inquiry: Producing
materials: Independently independent

Including the core
inquiry questions

designing and
carrying out

inquiry reports
accompanied by

and a set of their own higher-order
extended, inquiry explanations (e.g.,
higher-level procedures. critical reflections
materials (textual and extended
form). material synthesis).

week, each time lasting 90minutes (see Figure 1). The
weekly courses follow a structured sequence, consisting of
three stages: presenting class topic, group IBL, and summa-
tive reflection. The class topic is shown in Table 1. In the
experimental group, students were initially categorized into
three academic levels—low (Grade Three), medium (Grade
Four), and high (Grade Five).

Following Tomlinsons (2014) DI principles, differentia-
tion in content, process, product, and learning environment
were incorporated into the weekly courses to maximize stu-
dents’ learning potential, as shown in Table 2. Furthermore,
learning environment differentiation was achieved through
flexible and dynamic grouping and peer support. After each
weekly course, the teacher evaluated student performance
using data collected from the intelligent learning platform
(including materials usage, learning duration, task time, and
accuracy) to adjust their academic level and group for the
subsequent week. Students exceeding the performance of
their peers within the same level were promoted to a higher
academic level group, while underperforming students were
reassigned to a lower level group. Additionally, higher per-
forming students in the highest academic level were desig-
nated as peer tutors to support low academic level peers
throughout the inquiry process.

Meanwhile, in the control group, students were divided
into three academic levels based on their grade and was also
participated in presenting class topic, 4-5 students group
IBL and summative reflection, but no differentiated in con-
tent, process, product, and learning environment were



Table 3. Overview of instruments, collected data, and analytical methods
addressing each research question.

Research
question Instruments Collected data  Analytical method
1.How is DI Pretest of academic  Pretest scores of Mann-Whitney U
associated levels. the two test,
with groups’ Paired-samples
academic academic t-test.
achievement performance.
in a Post-test of academic Post-test scores
cross-grade levels. of the two
level groups’
after-school academic
science performance.
program? Outline of The teacher’s Thematic analysis.
semi-structured perception of
interview for students’
science teacher. learning
engagement.
2. How is DI Self-efficacy Self-efficacy Mann-Whitney U
associated questionnaire. scores of the test.
with two groups
self-efficacy before and
in a after the
cross-grade experiment.
level Outline of The students’ Thematic analysis.
after-school semi-structured experience
science interview for and
program? students. self-efficacy.
3. How is DI Information Percentages of ~ Mann-Whitney U
associated Technology-based each variables test.
with Interaction (teacher talk,
learning Analysis System student talk,
engagement (ITIAS). silence,
in a technology)
cross-grade in every
level courses.
after-school  Outline of The teacher’s Thematic analysis.
science semi-structured perception of
program? interview for students’
science teacher. performance.

performed during the intervention phase. Specifically,
although the control group used the same intelligent learn-
ing platform as the experimental group, the platform was
used solely to provide identical learning materials to all stu-
dents and was not employed to evaluate student performance
for flexible or dynamic grouping or peer support. All stu-
dents in the control group engaged in uniform activities and
were required to produce the same learning products regard-
less of their academic levels. After eight weeks, the control
group was provided with the same DI intervention following
the procedures used in the experimental group.

Before and after the experiment, students from both the
control and experimental groups completed the academic
achievement assessment and self-efficacy questionnaire.
Semi-structured interviews were also conducted with the
teacher and the student participants to collect the data indi-
cating their engagement process and experience.

Instruments and Data Analysis

In this study, each instrument and analytical method was
selected in accordance with the type of data collected and
the specific aspect of the research questions it was intended
to address. As the study examined three related yet distinct
constructs, academic achievement, self-efficacy, and learning
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engagement, multiple complementary data sources were
required, including academic performance test scores,
self-efficacy scores, percentages of each variable (teacher
talk, student talk, silence, technology) in every course and
student and teacher interviews. Accordingly, a combination
of quantitative and qualitative analyses was employed.
Table 3 summarizes the alignment between each instrument,
the data it collected, and the analytical methods employed,
illustrating how the different data worked together to pro-
vide a comprehensive and triangulated understanding of
how DI was associated with academic achievement,
self-efficacy and learning engagement.

Pre- and post-test of academic levels

Guided by the PISA 2025 Science Framework (OECD, 2023),
which emphasizes the dimensions of scientific knowledge
and science competencies, the research team collaborated
with the programs science teacher to design pre- and
post-tests aimed at assessing students academic achieve-
ment. The test design was grounded in Bloom’s revised cog-
nitive taxonomy (Anderson et al., 2000; Bloom, 1956), which
categorizes cognitive processes into six hierarchical levels:
remember, understand, apply, analyze, evaluate, and create.
The first two levels—remember and understand—represent
lower-order thinking skills (LOTS) and align with the
dimension of scientific knowledge, while the latter four lev-
els—apply, analyze, evaluate, and create—represent
higher-order thinking skills (HOTS), corresponding to sci-
ence competencies. The pre- and post-tests were parallel in
structure and difficulty but contained different items to
avoid practice effects. LOTS were assessed using
fill-in-the-blank questions. For example, a pretest item asked,
“The faster an object vibrates, the of the sound
changes,” while a post-test item asked, “When the material
of a sounding object differs, the of the sound
changes” HOTS were assessed through short-answer ques-
tions. A pretest example was, “Why do your ears feel painful
when firecrackers explode during the Spring Festival?” while
a post-test item asked, “An explosion at a factory produced
a loud sound, and then cracks appeared in nearby windows.
Why did this happen?” To validate the assessments, the tests
were piloted with 72 students from a cross-grade science
class in another local primary school, yielding 72 valid
responses. Statistical analysis using SPSS 20.0 indicated high
internal consistency, with Cronbach’s alpha coefficients of
0.923 for the pretest and 0.889 for the post-test, confirming
the reliability of the instruments for measuring academic
outcomes.

Before the experiment, to ensure that the experimental
and control groups did not differ statistically in their aca-
demic performance, the pretest of LOTS, HOTS, and total
scores between the two groups were compared. After the
experiment, examine the associated of DI with students’ aca-
demic achievement, the post-test of LOTS, HOTS, and total
scores between the two groups were compared. As the pre-
and post-test data violated the assumptions of normality,
and the residuals exhibited substantial skewness, parametric
analyses such as ANOVA, independent-samples t-tests, or
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ANCOVA were not appropriate. Therefore, the Mann-Whitney
U test was employed as a more suitable non-parametric
alternative. In addition, to further investigate which grade
benefited the most from DI in terms of academic achieve-
ment, we conducted a paired-samples t-tests on the pre- and
post-test scores within the experimental group with third,
fourth and fifth grades. All of the students finished the pre-
and post-tests. The test scores were evaluated by two teach-
ers: the teacher of this program and a science teacher at
another primary school. The Kendall’s correlation coefficient
for the total scores assigned by each teacher was .803,
demonstrating significance at the .01 level. The final score
for each test was computed based on the average score of
two teachers. These processes collectively addressed the
research question concerning the association with DI on stu-
dents’ academic performance.

Self-efficacy questionnaire

The self-efficacy questionnaire administered to the students
was developed by Pintrich and De Groot (1990) (see Table
4). The questionnaire included nine items, each of which
was designed on a 5-point Likert scale ranging from 1, indi-
cating never, to 5, indicating always. To ensure the content
validity, the questionnaire was sent out to two experts to
review. One expert, an English teacher from a tertiary insti-
tute, assessed the consistency of the English-Chinese transla-
tion and the overall comprehensibility of the questionnaire.
The other expert, a primary school science teacher, provided
feedback on the feasibility of the questionnaire, focusing on
the length, formatting, and comprehensibility for primary
students. The revised questionnaire was piloted in a
cross-grade level science class at another local primary
school, with the participation of 72 students who provided
72 valid responses. The reliability of the questionnaire was
assessed using SPSS 20.0, and the results indicated that the
Cronbach’s Alpha coefficient for the questionnaire reached
0.841, demonstrating a high level of reliability.

All students in the experimental and control groups filled
out the self-efficacy questionnaire at the same time that they
completed the pre- and post-tests of academic level. As the
self-efficacy scores of the two groups, both before and after
the experiment, violated the assumption of normality and

Table 4. Self-efficacy questionnaire.

Question number Statement

Q1 Compared with other students in the after-school science
program, | expect to do well.

Q2 I'm certain that in the future, | can understand the ideas
taught in the program.

Q3 | expect to do very well in this class.

Q4 Compared with others in the science class, | think I'm a
good student.

Q5 | am sure | can do an excellent job on the problems and
tasks assigned for this science class.

Q6 | believe | can receive positive reviews from the teacher
and other classmates in the science club.

Q7 My study skills are excellent compared with others in this
class.

Qs Compared with other students in this science class, |
think | have substantial knowledge about science.

Q9 | know that | will be able to learn more science

knowledge for this class.

the residuals were highly skewed, the 129 pretest question-
naires from the experimental and control groups were ana-
lyzed using the Mann-Whitney U test to confirm that there
were no significant differences in self-efficacy between the
groups prior to the experiment. After the experiment, the
Mann-Whitney U test was again applied to the 129 post-test
questionnaires. This procedure allowed to determine whether
the self-efficacy of the two groups remained comparable
after the experiment, thereby addressing the research ques-
tion concerning the association of DI with students
self-efficacy.

Information Technology-based Interaction Analysis System
(ITIAS)

We utilized the Information Technology-based Interaction
Analysis System (ITIAS), as shown in Table 5, to analyze the
video data (Gu & Wang, 2004). ITIAS is an enhancement of
the Flanders Interaction Analysis System (FIAS), the latter of
which is used to quantify the verbal interactions between
teachers and students in classroom teaching. FIAS catego-
rizes teacher-student verbal behaviors into four major vari-
ables: teacher language, student language, silence, and
disruption behaviors (Flanders, 1970). However, it does not
reflect the use of information technology in the classroom
or the interactions among students. Gu and Wang improved
this system, proposing an enhanced version known as ITIAS.
ITIAS includes additional behaviors related to student inter-
actions and the use of technology in the classroom, making
it more suitable for contemporary technology-enhanced
classrooms and student-centered teaching trends. In this
study, ITIAS was used as an observation tool, coupled with
the ITIAS coding system, to encode and analyze course
recordings. The goal was to understand differences in stu-
dent learning engagement between the experimental and
control groups.

After the consent of the teachers and students was
obtained, we recorded the whole 16 courses, including both
the experimental and control groups. All data in the class
videos were analyzed. The researchers recorded the videos
every three seconds, identifying the behaviors and coding
them based on ITIAS. Initially, two researchers independently
analyzed the same video using ITIAS as the coding frame-
work. Intercoder reliability was assessed using Cohen’s
Kappa, yielding a coefficient of 0.805, indicating a substan-
tial level of consensus between the coders. Subsequently,
each researcher analyzed half of the remaining video. Finally,
the researchers tallied the percentages of each variable in
every course of the two groups. The Mann-Whitney U test
was employed as the dataset consisted of two independent
groups and the proportional data did not meet the assump-
tion of normality. This analysis provided evidence to address
the research question concerning the association with DI
with students’ learning engagement.

Outline of semi-structured interviews for the science
teacher and students

After the experimental phase concluded, a semi-structured
interview was conducted with the science teacher (as an
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Table 5. Categories of Information Technology-based Interaction Analysis System (ITIAS).

Categories Code Description
Teacher Indirect 1 Accepts feeling Accepts and clarifies the feeling tone of the students in a non-threatening manner. Feelings
talk impact may be positive or negative. Predicting or recalling feelings are included.

2 Praises or encourages Praises or encourages student action or behavior. Jokes that release tension, not at the
expense of another individual, nodding head or saying, “Um-hm?” or “Go on” are
included.

3 Accepts or uses ideas of student Clarifying, building, or developing ideas suggested by a student. As the teacher brings more
of the teacher’s own ideas into play.

4 Asks open questions Ask students questions based on the teacher’s opinions or ideas and expect answers from

5  Asks closed questions students.

Direct 6  Lecturing Giving facts or opinions about content or procedures;
impact Expressing the teacher’s own ideas, asking rhetorical questions.

7  Giving directions Directions, commands, or orders with which a student is expected to comply.

8  (riticizing or justifying authority Statements intended to change student behavior from nonacceptable to acceptable patterns;
bawling someone out; stating why the teacher is doing what; extreme self-reference.

Student Talk 9  Response (passive reaction) (Response to Code 4)
Talk by students in response to teacher.
Teacher initiates the contact or solicits student statement.
Students’ freedom to express themselves is limited.

10 Initiation Talk by students which they initiate.

If “calling on” student is only to indicate who may talk next, observer must decide whether
student wanted to talk. If he did, use this category.

11 Active questioning Taking the initiative to ask questions and expressing their opinions freely.

12 Discussion with the partner Discussion, exchange of views.

Silence 13 Chaos which is not conducive to the Temporary pauses, short periods of quiet or confusion that prevent observers from
teaching understanding student-teacher communication.

14 Reflect on the problem Students think about the problem.

15  Practice Students do classroom exercises.

Technology 16  Teachers' controlling the technology Teachers use technology to present content and illustrate ideas

17  Students’ controlling the technology

Students use technology to present content and illustrate ideas;

Students do classroom experiments

18  Technology works for students

Students observe media presentations

expert) who facilitated both student groups in the science
program to explore the teacher’s perceptions of student
learning engagement and academic performance. The inter-
view lasted approximately 20 minutes and focused on typical
instructional situations, particularly group IBL. This situation
was selected because it represented the key stage in which DI
in the experimental group was most evident, specifically
through differentiated content, process, product, and learning
environment, all of which were designed to promote stu-
dents’ academic achievement and learning engagement. The
purpose of this interview was to triangulate the findings
from the per- and post-test of academic levels of the two
groups and the recorded in-class videos, and to provide
explanatory insights where needed, thereby addressing the
associations between DI and students’ academic achievement
and learning engagement in a cross-grade-level after-school
science program. The interview questions for the teacher
included the following, such as: (a) What do you think of
the performance of students in each group? (b) What do you
think of the learning engagement of students in each group?

Additionally, 10 students from the experimental group (3
Grade Three, 4 Grade Four, and 3 Grade Five) and 10 stu-
dents from the control group (3 Grade Three, 4 Grade Four,
and 3 Grade Five) were randomly selected to form two
focus groups. Each focus group interview lasted about
30minutes and addressed three typical instructional situa-
tions (presenting class topic, group IBL, and summative
reflection), allowing students to describe their experience
and self-efficacy in the science program. The interview ques-
tions included the following, such as: (a) What do you think
about the class? (b) How do you evaluate your performance
in the class? The data from these interviews were analyzed

alongside the self-efficacy questionnaire results to examine
the association between DI and the self-efficacy of students
in a cross-grade level after-school science program.

All interviews were audio-recorded and transcribed ver-
batim. The evaluation of the interviews followed the proce-
dures proposed by Creswell and Clark (2007) to ensure
analytical reliability. Using Nvivo 12.0 software, the interview
transcripts were analyzed. Thematic analysis was employed
to systematically examine and interpret the interview data.
First, two researchers independently read the transcripts to
familiarize themselves with the data. A two-stage coding
procedure was then adopted.

Stage 1: Top-down coding. Agreed with the two research-
ers, Guided by Bandura’s (1977) self-efficacy framework, stu-
dent interview transcripts were initially code into four
psychological processes: selection, cognitive, motivational,
and emotional. For the teacher interview, two themes were
established: academic achievement and learning engagement.

Stage 2: Bottom-up coding. The researchers conducted
open coding to identify emergent ideas within each situa-
tion. The two researchers independently coded the first half
of the transcripts, discussed discrepancies, refined the code-
book, and reached consensus on the final coding scheme.
The value of Cohen’s Kappa coefficient for the analysis was
0.892, which met the acceptable standard. The remaining
interview data were then coded using the finalized scheme.

Through this process, two themes related to academic
achievement and learning engagement were generated from
the teacher interview, and four themes corresponding to the
self-efficacy processes were identified from the student inter-
views, providing insightful qualitative evidence to support
and explain the quantitative findings.
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Results
Impact of DI on academic achievement

The pre- and post-test academic performance scores of the
two groups were analyzed using the Mann-Whitney U test.
The pretest scores of the two groups of students showed no
significant difference (see Table 6). After the experiment,
significant differences were observed in the experimental
group’s post-test HOTS performance (£=2.788, p<0.01) and
total scores (Z£=2.1665, p<0.05) compared to the control
group. In the experimental group, the median of HOTS is
47.50, and the median of the total score is 85.00; in the con-
trol group, the median of HOTS is 36.25, and the median of
the total score is 83.75, as detailed in Table 7. In addition,
the median values suggest that participants in the experi-
mental group (Mdn = 36.88) performed better on the level
of LOTS than their counterparts in the control group (Mdn
= 36.25). Nonetheless, the results also indicated that there
was no statistical significance (Z=0.310, p=0.757) on the
level of LOTS.

A paired-samples t-test was conducted for the pre- and
post-tests of the experimental group (see Table 8). The
t-statistic of the whole group was —46.60, with df = 63
(p<0.001). The effect size for the difference between the
groups was calculated using Cohen’s d, resulting in a value
of 5.83, which is considered a high effect (Goulet-Pelletier &
Cousineau, 2018). The t-statistics for the groups of students
with third (Mpre = 12.44+6.07, Mpost = 76.37+11.46),
fourth (Mpre = 22.90+3.37, Mpost = 83.92+6.80) and fifth
grades (Mpre = 39.46+4.02, Mpost = 89.88+4.95) were
-30.62, —33.60, and —33.17, respectively, and the p-values
for each group were <0.00. These results signify a significant

Table 6. Mann-Whitney U test results for the group comparison of pretest.

improvement in academic achievements for students in the
experimental group across the three grades. Based on
Cohens d, the effect sizes were large for all three grades,
with the largest for the third grades.

The findings from the interviews provided more details
that were able to corroborate the quantitative results. First,
according to the teacher interview, the experimental group
performed better than the control group in “completing pre-
scribed learning tasks” and “actively inquiring higher-level
tasks”. Furthermore, the teacher noted that during class time,
the experimental class "can basically complete the task’,
while in the control class, "at most 30% students can com-
plete the task". In addition, students in the experimental
group delved deeper, actively attempting to explain the phe-
nomena and reflecting on the application of scientific prin-
ciples. The teacher mentioned:

When inquiring the transfer of heat in metals, a child said, ‘T
think there must be a layer of insulation material on the outside
of my insulated cup. Because when I pour hot water into this
stainless steel insulated cup, I should have been able to feel the
heat after a while if it werent insulated, but now I haven't felt
it” This response demonstrates the student’s ability to apply sci-
entific reasoning to everyday objects and think critically about
observed phenomena. In contrast, the students in the control
group primarily described the phenomena mentioned in the
activity sheet without further analysis, such as stating “Put the
iron spoon in the hot soup, and the spoon also become[s] hot
(interview, science teacher).

Impact of DI on self-efficacy

In this study, the self-efficacy scores of the two groups were
administered before and after the experiment were analyzed

Experimental group (N=64)

Control group (N=65)

Mean +SD Mdn Mean +SD Mdn Mann-Whitney U V4 p
LOTS 13.30+8.06 12.50 12.69+6.32 11.25 1910.00 —0.805 0.421
HOTS 11.50+5.36 8.75 11.44+5.78 12.50 2057.00 —0.108 0.914
Total 24.90+12.02 23.13 24.13+11.75 2250 2067.50 —-0.059 0.953
"p<0.05.
“p<0.01.
Table 7. Mann-Whitney U test results for the group comparison of post-test.
Experimental group (N=64) Control group (N=65)
Mean +SD Mdn Mean +SD Mdn Mann-Whitney U V4 p
LOTS 36.62+2.69 36.88 36.42+3.15 36.25 2016.00 -0.310 0.757
HOTS 47.03+7.75 47.50 37.67+16.38 45.00 1490.50 —2.788 0.005**
Total 83.40+9.77 85.00 74.09+18.71 83.75 1622.00 -2.165 0.030*
"p<0.05.
“p<0.01.
Table 8. Paired-samples t-test results for pre and post-test in experimental group.
Pretest Post-test
M SD M SD df t p Cohen’s d
Fifth grade 39.46 4.02 89.88 4.95 20 -30.62 0.000** 6.68
Fourth grade 22.90 337 83.92 6.80 21 -33.60 0.000%* 7.16
Third grade 12.44 6.07 76.37 11.46 20 -33.17 0.000** 7.24
Total 24.90 12.02 83.40 9.77 63  -46.60 0.000%* 5.83
"p<0.05.

“p<0.01.



Table 9. Results of the self-efficacy questionnaire.
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Experimental group (N=64)

Control group (N=65)

Mean +SD Mdn Mean +SD Mdn Mann-Whitney U V4 p
Before experiment 41.75+1.88 42.00 41.77+2.07 42.00 2059.50 -0.098 0.922
After experiment 4295+1.28 43.00 42.31£3.66 44.00 1917.00 -0.783 0.434
‘p<0.05.
“p<0.01.
Table 10. Results of the students’ interview data. more influenced by external motivations, including

Experimental group Control group

Aspect Times Aspect Times
Selection Competitive tasks 1" Non-scored tasks 4
process More difficult 10 Less difficult 6
Cognitive Ability 5 Difficulty of the 6
process activity
Effort 4 Lucky 4
Length of 2 Class atmosphere 3
participation in
the inquiry
Motivational Interest 8 After-school 20
process rewards
Desire to win 6 Peer dependence 2
Emotional Interesting 5 Boring 4
process Exciting 6 Nervous 6

using the Mann-Whitney U test. As shown in Table 9. The
results of the pre-experiment self-efficacy questionnaire,
revealed no significant difference among students in the two
groups (Z=0.098, p=0.922). The median of the experimen-
tal group is 42.00, and the median of the control group is
42.00. Furthermore, the post-experiment self-efficacy ques-
tionnaire results for both groups still showed no significant
difference (Z=0.783, p=0.434). The median of the experi-
mental group is 43.00, and the median of the control group
is 44.00.

The student interview data were analyzed based on
Bandura’s (1977) self-efficacy concepts. Bandura identified
four major psychological processes of self-efficacy: selection,
cognitive, motivational, and emotional. The interview results
indicated that there was a significant difference in
self-efficacy between the experimental group and the con-
trol group (see Table 10). First, regarding the selection pro-
cess, students in the two groups exhibited differences in
their preferences for learning task difficulty and organiza-
tion. In the experimental group, students preferred compet-
itive learning tasks, especially those that were more
challenging. In contrast, the control group students favored
non-scored tasks, ie., those that were less challenging.
Specifically, students in the experimental group showed a
greater inclination to choose challenging tasks compared to
the control group. Second, concerning cognitive processes,
students in the two groups varied in their attributions of
success or failure in the inquiry task. Students in the exper-
imental group attributed their success or failure to inter-
nally controllable factors such as their own ability, effort,
and length of participation in the inquiry. In contrast, stu-
dents in the control group attributed externally uncontrolla-
ble factors such as the difficulty of the activity, luck, and
class atmosphere. Third, regarding motivational processes,
students in the experimental group were motivated to par-
ticipate in the course by internal factors such as interest
and the desire to win. In the control group, students were

after-school rewards and peer dependence. Finally, in terms
of emotional processes, students in the experimental group
had more positive emotional feelings about the course, such
as perceiving the course exploration as interesting or excit-
ing. In contrast, the control group had relatively negative
perceptions, stating that the course exploration bored them
and made them nervous.

Impact of DI on learning engagement

The data from the recorded in-class videos and teacher
interviews were analyzed. The Mann-Whitney U test was
used to analyze the ITIAS data for the two groups of teach-
ers and students. Table 11 demonstrated that there were sig-
nificant differences between the experimental and control
groups in teacher talk, student talk, and silence (p < .05).
The experimental group showed lower proportions of teacher
talk (Mdn = 0.17) and silence (Mdn = 0.06) compared with
the control group (Mdn = 0.25 and 0.18, respectively),
whereas student talk was substantially higher in the experi-
mental group (Mdn = 0.64) than in the control group (Mdn
= 0.45). Further analysis of teacher talk revealed no signifi-
cant difference in indirect teacher talk, with similar medians
for the experimental (Mdn = 0.11) and control groups (Mdn
= 0.12). However, direct teacher talk differed significantly:
the experimental group demonstrated a lower proportion
(Mdn = 0.07) than the control group (Mdn = 0.13), indicat-
ing that teachers in the DI condition exerted less direct con-
trol over classroom discourse. Consistent with this shift, the
proportion of student talk in the experimental group was
significantly higher than that in the control group, reflecting
greater student engagement under DI

These findings were consistently reflected in the teacher’s
account in the interview. The teacher recounted that stu-
dents in the experimental group were more "positive" and
"actively engaged" in comparison to those in the control
group. The teacher explained that she came with this con-
clusion based on her observation as she facilitated both
groups. Specifically, with respect to the class that adopted
DI, the teacher explained:

When I assigned learning tasks, the students in the experimen-
tal group quickly immersed themselves in the investigative
activities and followed the learning task list. In the control
group, however, there were instances where some student
required more guidance from me before starting their tasks,
and some students expressed, ‘I think this is too easy; I want to
do other (more challenging) activities. Within such a classroom
atmosphere, some students observed that others were uninter-
ested, and they, too, lost motivation. I had to instruct the stu-
dents separately and it was quite exhausting. (interview, science
teacher).
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Table 11. Results of the ITIAS encoding analysis descriptive data results.

Experimental group (N=8)

Control group (N=8)

Variables Mean +SD Mdn Mean +SD Mdn Mann-Whitney U V4 p

Teacher talk 0.16£0.05 0.17 0.25+0.07 0.25 11.00 —-2.205 0.028*
Indirect impact 0.10£0.03 0.1 0.13£0.03 0.12 19.00 -1.365 0.195
Direct impact 0.07+0.02 0.07 0.12+0.04 0.13 6.00 -2.731 0.005**

Student talk 0.64+0.08 0.64 0.43£0.14 0.45 7.00 -2.626 0.007**

Silence 0.06+0.02 0.06 0.18+0.04 0.18 0.00 -3.361 0.000**

Technology 0.14£0.05 0.14 0.15£0.05 0.15 31.00 -0.105 0.959

"p<0.05.

“p<0.01.

Discussion activation and a supportive learning environment (Decristan

Our findings revealed that DI positively enhanced the exper-
imental group students’ learning engagement and academic
achievements. Specifically, the students were highly engaged
in the tailored and differentiated learning activities. As
reported by the teacher, the students were both interested in
and motivated to engage in the range of activities offered by
the after-school science program, exhibiting the positive
influence of DI on their overall learning engagement.
Furthermore, this study demonstrates the benefits of DI in
enhancing the learning performance of students in the
cross-grade levels classroom. Although the self-efficacy
post-test scores did not reveal significant differences, insights
obtained from student interviews presented a contrasting
picture.

With respect to RQI, our study found that students in
the DI group performed higher on HOTS compared to the
control group, which is consistent with previous study in
traditional primary and secondary school classrooms, show-
ing an association between DI and higher order learning
achievements (Chen & Shih, 2025; Salvador, 2023).
Furthermore, this study extends prior studies by showing
higher HOTS scores in the DI group in a cross-grade
after-school science program. DI can assist teachers in
designing learning tasks that align with students’ Zone of
Proximal Development (ZPD), thereby ensuring that instruc-
tional activities are appropriately challenging and develop-
mentally responsive (Vygotsky, 1980). By offering tasks just
beyond students’ current capabilities—accompanied by suffi-
cient scaffolding—DI helps learners engage in productive
struggle while accumulating successful learning experiences.
Additionally, although previous research has shown that the
use of DI in heterogeneous benefits lower-achieving students
the most (Kotob & Ali Abadi, 2019), the heterogeneous
classrooms in this study included students from different
grades. The results indicated that students at a starting of
younger-grade (third grade in this study), but not necessarily
the lower-achieving, benefited the most from DI compared
with other students in higher grades. Due to their relatively
lower cognitive and self-regulation abilities, younger-grade
students rely more on the guidance and support of teachers
and peers (Jiao, 2016). DI, through strategies such as group
collaboration, tailored content, process, product, and learn-
ing environment, provides essential social scaffolding that
significantly enhances knowledge construction for them.
Furthermore, considering that students in heterogeneous
classrooms particularly benefit from enhanced cognitive

et al., 2017). In this study, the implementation of DI suc-
cessfully provided both of these elements, engaging students
in cognitively challenging tasks while offering scaffolded
support and collaborative opportunities. These insights sug-
gest that the application of DI could be further extended to
diverse and heterogeneous learning contexts, including
after-school cross-grade programs, to maximize academic
achievement and foster higher-order thinking skills among
students.

In relation to RQ2, although the self-efficacy post-test
scores did not reveal significant differences between the
experimental and control groups, insights obtained from stu-
dent interviews presented a contrasting picture, suggesting
that participants in the experimental group appeared to
experience greater self-efficacy in terms of selection, cogni-
tive, motivational, and emotional dimensions. This may be
influenced by factors such as the duration of after-school
program and the sensitivity of measurement tools.
Additionally, Carroll et al. (2024) found that primary school
students tend to report higher levels of science learning
self-efficacy on questionnaires than they actually demon-
strate during scientific inquiry. This tendency toward overes-
timation may help explain why both the experimental and
control groups in our study showed relatively high levels of
self-efficacy, and why the instrument may not have been
sensitive enough to detect differences between the two
groups. According to Banduras (1993) theory, by designing
content, process, product, and learning environment align
with students’ ZPD, DI providing repeated opportunities for
successful experiences to students, which plays an important
role to students self-efficacy. Furthermore, social compari-
son theory (Festinger, 1954) posits that students develop
self-evaluations by observing the performance of peers who
are similar to themselves. In the experimental group, the
weekly adjustment of group placements, together with the
designation of peer tutors, provided students with powerful
and attainable role models. These experiences offered clear
and observable pathways to success, reinforced students’ per-
ceptions of their own capabilities, which may be associated
with the development of higher self-efficacy.

With regard to RQ3, the results of the class video analysis
and teacher interviews further highlighted that DI was asso-
ciated with more active student engagement. Students in the
experimental group talked more and were more positive and
actively engaged than those in the control group. These
findings align with prior studies showing that DI has been
associated with greater engagement by integrating choice,



flexibility, and relevance into students’ learning (Ramaila,
2025). At the same time, our finding contrasts with the find-
ing of Zens (2021), who reported that DI had little impact
on student engagement in ninth-grade English language arts
classrooms. This difference can be interpreted through the
lens of self-determination theory (Deci & Ryan, 1985), which
posits that intrinsic motivation arises from the fulfillment of
three basic psychological needs: autonomy, competence, and
relatedness. In the context of this study, compared with
compulsory in-class English language arts learning, the
optional nature of the after-school program satisfied stu-
dents’ need for autonomy. Building on this foundation, DI
addressed the needs for competence and relatedness by
offering tailored science activities and tasks alongside a sup-
portive and positive learning environment. Together, these
elements may have contributed to students’ intrinsic motiva-
tion, which may help explain the higher levels of engage-
ment observed.

Conclusions & limitations

This study examined the use of DI on student learning
within a cross-grade after-school science program at a pri-
mary school in northwest China. While existing research has
widely supported the positive associations reported for DI,
few studies have explored its implementation in cross-grade
after-school science contexts. The results indicated that DI
was associated with students’ academic achievement—partic-
ularly among younger-grade students, and showed greater
learning engagement. Notably, DI was found associated with
higher-order cognitive outcomes, aligning with the goals of
deeper science learning. Although the self-efficacy question-
naire data did not show statistically significant differences
on students self-efficacy, qualitative insights gathered
through student interviews revealed a different pattern, with
many students expressing positive attitude.

This study employed a mixed-methods approach, collect-
ing four types of data encompassing both quantitative and
qualitative dimensions. However, the study’s findings should
be interpreted with caution due to certain limitations—most
notably, the relatively small sample size and the fact that all
participants were drawn from a single school, which con-
strains the representativeness of the sample and limits the
external validity of the conclusions. Future research should
consider conducting large-scale studies across multiple
regions and school types to test the generalizability of these
findings and to further explore the potential moderating
effects of contextual factors such as regional differences,
school characteristics, and cultural background. Moreover,
the reliance on a single teacher to deliver interventions in
both groups introduces the risk of the experimenter effect.
Although rigorous instructional fidelity checks were per-
formed, the teacher’s awareness of the research objectives
might have subtly influenced the implementation. Future
research should involve a more diverse cohort of teachers
across different school settings to enhance ecological validity
and mitigate potential bias associated with individual teacher
characteristics. In addition, this study explored the use of
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data from intelligent learning platforms to support teachers
in implementing flexible grouping strategies, with the aim of
developing instructional approaches better aligned with indi-
vidual learner differences and advancing the application of
DI. However, due to practical considerations related to class-
room management and instructional efficiency, the grouping
approach primarily relied on homogeneous groupings based
on students learning performance. While this approach
facilitated targeted instruction, it may have limited the
potential benefits of heterogeneous grouping—such as cogni-
tive stimulation and peer scaffolding among students with
diverse learning styles and abilities. Future research should
investigate the comparative effects of homogeneous versus
heterogeneous grouping on students’ learning performance,
emotional motivation, and quality of collaboration, in order
to refine group design and optimize its role in supporting
effective differentiated teaching. Furthermore, this study find
that even younger-grade students can benefit meaningfully
from DI, an outcome that offers valuable pedagogical
insights. However, the relatively short duration of the study
and the absence of longitudinal tracking limit the ability to
evaluate the sustained effects of DI on students’ long-term
development, particularly in areas such as cognitive strategy
use, self-regulation, and academic resilience. To gain a more
comprehensive understanding of DI's developmental impact,
future research is encouraged to adopt longitudinal designs
that systematically track student growth in cross-grade DI
environments. Such studies could provide deeper insight into
the educational potential of DI and inform more effective,
developmentally responsive instructional practices.
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