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COMMENTARY

The Smart Classroom Grows Ever
Smarter amid Technological Advances

Longjun Zhou

Division of Education and Economy, China Center, International Education Communica-
tion Agency, the BASE, USA

“All children start their school careers with sparkling imaginations, fertile minds, and a
willingness to take risks with what they think.”
—Ken Robinson

HE CLASSROOM is the most vital component of any educational setting, providing
the venue for teaching and learning. Amid the rapid development of information
technology, the evolution of its functioning is also being expedited.

The notion of the smart planet was advanced in IBM’s “A smarter planet: The
next leadership agenda” in 2008, which laid out a vision that our planet would become
smaller, flatter, more open, and more importantly, smarter as we infuse intelligence into
the systems and processes that provide goods and services (Palmisano, 2008). As predict-
ed, the physical and digital infrastructures of our planet have converged, and technology
has been continuously embedded into the vast majority of objects we use, giving rise to
concepts such as the smart city, smart healthcare, smart transportation, and smart energy
grid, among others. As a result of the increase in digital awareness and application in the
education world, the smart classroom emerged.

In their discussion of the role of education for a smarter planet, Rudd et al. (2009)
summarized the benefits of the smart classroom as being able to provide a learning envi-
ronment that improves student achievement by increasing their access to resources and
tools for collaboration; a student data environment that supplies real-time information, in-
sights, and strategies to teachers and faculty; open source applications, content, and stand-
ards to enhance cost-effectiveness and interoperability; devices that deliver high function-
ality while reducing acquisition, support, and operational costs by centralizing services;
and cloud-based services and infrastructures that create a dynamic, green, and flexible
desktop as well as IT environments that are built on world-class technologies. With ad-
vantages like these, the smart classroom outperforms the traditional classroom by remov-
ing the barriers of time and space in student learning, increasing teacher-student and inter-
student in-class interactions, making teaching more efficient, and facilitating multi-
dimensional student evaluation (Gao & Peng, 2023).

© 2024 Insights Publisher. All rights reserved.
Creative Commons Non Commercial CC BY-NC: This article is distributed under the
terms of the Creative Commons Attribution-NonCommercial 4.0 License
i (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed
by the Insights Publisher.
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The development of the smart classroom in China has been ongoing in recent

decades. It can be traced back to 2000, when the multimedia classroom featured by the
application of “computer plus projector” was introduced to schools at all levels. The
“Three Links and Two Platforms Program” (namely, the school link to broadband-based
network, class link to excellent teaching content, individual link to the online learning
space; the national public educational resource and educational administration platforms),
launched by the Ministry of Education in 2012, catalyzed a new wave of smart classroom
construction in China. Since then, digital learning resources and technologies, such as
mobile devices, smart whiteboards, and all sorts of educational app, have been widely ap-
plied to classroom teaching, generating various smart classroom models including the in-
teractive whiteboard classroom, 1:1 laptop classroom, and mobile tablet classroom (Wang
& Li, 2019). 2015’s “Internet plus” initiative marked the establishment of the digital
transformation as a national strategy in China. The digital transformation in education
gives new impetus to the building of smarter learning environments that facilitate more
in-depth integration of instruction and intelligent technologies (Xie, 2016). The new-
generation smart classroom is distinguished by its application of cutting-edge technolo-
gies, such as cloud computing, big data, and artificial intelligence, and deployment of
mobile intelligent terminals, allowing enhanced teaching and learning experience.
Smart classroom research shows a growing trend in recent years. The Construction and
Application of Smart Classrooms in China: A Literature Review Based on 93 Studies in
this issue examines the status quo of the construction and application of the smart class-
room in China by reviewing the published research findings and pinpointed issues arising
in the said processes, as well as proposing targeted suggestions (Ren, 2024). It is hoped
that this article can spark more discussions on the development of smart learning envi-
ronments in the context of digital transformation of education.
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COMMENTARY

Peer Instruction: Assisting Active
Learning in Science Education

Xiaogiao Cheng

Nanjing Normal University, Nanjing 210024, Jiangsu, China

“Education is not the filling of a pail, but the lighting of a fire.”
—William Butler Yeats

EER INSTRUCTION is an interactive teaching method advanced by Harvard Univer-

sity professor Eric Mazur. It is a form of active learning meant to increase students’
engagement and collaboration in the classroom, using conceptual tests (or ConcepTests)
and teaching aids like the clicker (Zhu & Dong, 2018). Research demonstrates that it as-
sists with students’ grasp and application of disciplinary knowledge (Zheng et al, 2020).

With peer instruction, the teacher divides a lesson into several sections with each
of them covering a number of concepts. The students are assigned pre-class preparation
tasks, and in the class, the teacher administers to them a test for each section and gathers
answers from each individual student using the clicker or flashcard. When more than 70%
of the students give correct answers, the teacher will only provide brief instruction on the
section tested and quickly move on to the next section. If 30-70% students answer the
questions correctly, the teacher will require students to discuss relevant concepts in
groups and administer the same test again after their discussion. The necessity of more
group conversations depends on students’ performance in the repeated test (Mazur, 1997).
This practice is an innovation in classroom instruction, creating an active, cooperative
teaching environment that encourages inter-student and teacher-student interaction (Zhang
& Mazur, 2010).

Peer instruction, as an active learning strategy, has garnered wide attention in the
education community. Michinov et al. (2015) argued that social constructivism theoreti-
cally underpins peer instruction, in which social interactions, taking the forms of in-class
discussions and cooperation, play crucial roles in student knowledge construction. Re-
search found that peer instruction, from the perspective of cognitive development, helps
improve the conceptual understanding, problem solving performance, critical thinking,
decision-making procedure, and scientific reasoning ability of the students while also in-

© 2024 Insights Publisher. All rights reserved.
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creasing teacher-student interactions and enhancing students’ concentration (Crouch &
Mazur, 2001; Gok & Gok, 2017). It also contributes to bolstering student satisfaction with
courses and attendance by enhancing their in-class emotional experience (Gok & Gok,
2017). Nevertheless, the peer instruction method is not without its limitations. According
to Smith et al. (2011), not all students benefit from the peer instruction method; high-
achieving students tend to gain more from it than those low-performing ones. A portion of
students do not like peer instruction simply because of the fear of being embarrassed
when making mistakes in peer interactions. Also, the teacher may encounter serious chal-
lenges in organizing in-class interactions and evaluating students’ involvement when the
class size is bigger than 50, or there is a lack of technological assistance (Gok & Gok,
2017).

Despite the potential difficulties with the application of peer instruction, the ef-
forts to integrate it into classroom teaching are ongoing. Peer instruction was initially ap-
plied to college physics teaching and subsequently introduced to other disciplines such as
medicine, nursing, biology, mathematics, and English, and to all education levels. In addi-
tion, researchers have also tried to combine peer instruction with other teaching models,
such as the flipped classroom (Rowley & Green, 2015), to further optimize student aca-
demic gains. So far, however, peer instruction has been most heavily used in science edu-
cation such as physics education (Henderson et al., 2012; Zheng et al., 2020), which indi-
cates that this teaching method has extraordinary advantages in increasing instructional
outcomes of science subjects.

Chemistry, a branch of natural science, involves many complex and abstract con-
cepts (Coll, 2006) and is often rated as a challenging subject by students. Peer instruction
has the potential to be productive in a chemistry classroom as it is an instructional strategy
intended to facilitate students’ grasp of scientific concepts. Implementation of Peer In-
struction Method on Teaching of Acids and Bases to 12th-Grade Students: An Action Re-
search in this issue is an investigation of the applicability and effectiveness of peer in-
struction in senior secondary chemistry education using both qualitative and quantitative
data. Its research findings show that peer instruction improved the students’ conceptual
learning and was also efficacious in eliminating their misconceptions, and that student
participants perceived it as a useful, effective learning method and developed more posi-
tive attitudes towards chemistry and in-class discussion after their implementation of this
method (Ozcan et al., 2024). Given the limited research duration and small sample size of
the study, it may not be appropriate to generalize its conclusions to other teaching settings.
Yet, it could still serve as a valuable resource for teachers and education researchers who
are exploring the effects of peer instruction as an active learning strategy.
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ORIGINAL ARTICLE

Implementation of Peer Instruction
Method on Teaching of Acids and
Bases to 12th Grade Students:
An Action Research"

Oguzhan Ozcan,! Samih Bayrakceken,? Ozlem Oktay,> Nurtac Canpolat?

1. Bilkent Erzurum Laboratory School, 25240 Erzurum, Turkey
2. Ataturk University, 25240 Erzurum, Turkey

Abstract: This study aims to investigate the applicability and effec-
tiveness of the peer instruction method on teaching the subject of
acids and bases at the 12th-grade level. In addition, it aims to de-
termine the effect of peer instruction on students’ attitudes towards
chemistry and in-class discussion, and to examine students’ opin-
ions regarding peer instruction post-implementation. The sample of
the study consisted of 21 students studying in their 12th grade at a
private high school. During the research process, the unit of acids
and bases was covered by the researcher using the peer instruction
method and the implementation was completed over a 5-week peri-
od. The study was designed as an action research, with both quali-
tative and quantitative data collected and examined. The study’s
guantitative data were collected through the Acids-Bases Concept
Test (ABCT), Chemistry Attitude Scale (CAS), Argumentativeness
Scale (AS), and concept questions, while the qualitative data were
collected through the Method Opinion Scale (MOS), semi-
structured interview, and observation. The analysis of the data was
carried out using quantitative and qualitative methods. The results
showed that there was a notable increase in the academic achieve-
ment of the students after the implementation. Furthermore, the
results obtained from ABCT and semi-structured interviews indi-
cated that peer instruction improved the students’ conceptual learn-
ing, and was also effective in eliminating their misconceptions. Alt-
hough the pretest-posttest scores of the CAS and AS did not demon-
strate a considerable statistical difference, the observation and
semi-structured interview data highlighted that the students’ atti-
tudes towards chemistry and in-class discussion increased positive-
ly. At the end of the implementation, it was observed that the stu-
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dents’ attitudes towards the peer instruction method were positive
and that the students considered it to be very useful and effective.
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Introduction

sciences and is encountered in many aspects of life. However, due to
its abstract concepts and symbols, many students perceive chemistry
as the most difficult science to learn (Coll, 2006). The subject of acids and
bases, which has an important place in high school chemistry courses, is per-
ceived as challenging by students due to its abstract nature that requires them
to exhibit strong analytical skills, thus misconceptions can often occur

(Nakhleh, 1992). Some of the misconceptions identified in the literature re-

garding acids and bases are as follows (Cartrette & Mayo, 2010; Kind, 2004;

Muchtar, 2012; Ross & Munby, 1991):

e Acidic solutions do not contain OH- ions.

Concentration is a measure of the strength of acidity of basicity.

The equivalence point and the turning point are the same thing.

For a substance to be acidic, it must contain H in its structure.

In titrations, neutralization is not complete if either acid or base is

weak.

Misunderstanding the definition of amphoteric concept.

e Misconceptions about the arrangement of ions or molecules at the

molecular level in acid-base solutions.

e Acidity strength depends on the number of hydrogen in the sub-
stance, and the strength of basicity depends on the number of hy-
droxides in the substance.

The Ky value is always equal to 1.0 <10,

The expression Ky = [H]" <[OH] is only valid for pure water.

All solutions have the same pH value at the equivalence point.

All acid-base titrations produce neutral solutions at the end point.
Formation of these misconceptions and the difficulties experienced
by students in understanding these chemistry topics reveal inadequacy in
their analysis and synthesis skills and that they try to understand the concepts
based only on the words of their teacher under traditional lesson teaching
methods (Birk & Kurtz, 1999). In addition, students frequently encountering
acid-base terms in their daily lives (for example, pH values are clearly writ-
ten on many cleaning, cosmetic, and beverage products) cause some of these
misconceptions to be reinforced and unscientific inferences made. For these
reasons, it is necessity to study teaching methods in which students examine
acid-base topics in greater depth in order to internalize the concepts
(Halakova & Proksa, 2007). It has been reported in the literature that stu-
dents achieve more effective, permanent, and in-depth learning with active
learning methods based on the constructivist approach, which encourages
their participation and to take responsibility in lessons, directs them to think

CHEMISTRY Is taught as a core subject since it is one of the basic
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and make inferences, and includes the sharing of ideas (Dancy et al., 2016;
Hake, 1998; Modell, 1996; Prince, 2004).

Active learning is described as cognitively engaging students through
learning materials instead of them receiving knowledge passively (Bonwell
& Eison, 1991). In an active learning environment, students are active partic-
ipants and implement teaching activities planned and prepared by their
teacher (Duch et al., 2001). In active learning, students test their hypotheses,
share, have discussions within a framework determined by their teacher, are
able to develop new products and ideas by working in groups, and are given
the opportunity to make inferences by questioning; hence, it is suggested that
such methods should be integrated more into teaching processes (Bonwell &
Eison, 1991). Chi and Wylie (2014) referred to learning materials or activi-
ties (e.g., pre-reading, summarizing) selected for students to undertake dur-
ing instructional activities. They identified three practical issues faced by
teachers when developing active learning in lessons: 1) How to engage stu-
dents meaningfully and cognitively; 2) Very few criteria exist for the design
and implementation of active learning; and 3) Teachers possess no guide-
lines on how to modify current assignments for active learning. Chi and
Wylie (2014) then proposed the ICAP framework, which empirically sup-
ports increasing active learning through four modes; interactive (I), construc-
tive (C), active (A), and passive (P), based on the highest level of learning
being from interactive to passive (I > C > A > P). Constructive modes can
involve individual learners, whereas interactive modes may include collabo-
rative or peer-to-peer discussion conditions. It has been reported in the litera-
ture that peer cooperation is an important supporter for the cognitive devel-
opment of individuals (Cassidy et al., 2019). This taxonomy is deemed as
effective and supportive in classifying cognitive engagement activities dur-
ing active learning methods such as peer instruction. In addition to construc-
tivism, peer instruction also supports the ICAP framework as its theoretical
underpinning.

Peer instruction, which is a method used in active learning, aims to
increase students’ conceptual learning levels by partially changing and reor-
ganizing traditional lessons (Mazur, 1997). Through this method, immediate
feedback can be obtained to reveal and eliminate learners’ misconceptions,
and is aimed to motivate an entire class rather than just those eager to learn.
In learning environments where peer instruction is applied, students are
asked questions that challenge their minds to help them understand the con-
cepts being taught to a greater depth. Moreover, students who are unable to
sufficiently understand a subject from the teacher’s perspective or style of
expression and experience difficulties in answering questions are offered the
opportunity to review and reevaluate the concepts through discussion with
their peers (Crouch & Mazur, 2001; Watkins & Mazur, 2010). When the lit-
erature is examined, it can be seen that while there many studies approach
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chemistry subjects through different teaching methods at the high school
level, published research examining the effects of peer instruction on the
teaching of chemistry subjects has been very limited (Golde et al., 2006;
Koretsky & Brooks, 2011). According to the literature reviewed for the cur-
rent study, peer instruction can increase students’ academic success (Porter
etal., 2011), as well as their rate of attendance (Porter et al., 2013), improves
their conceptual learning (Smith et al., 2011), develops a positive perception
in students who are more motivated towards lessons (Gck, 2012), provides
for a more effective discussion environment (Nielsen et al., 2016), and im-
proves students’ confidence in answering questions (Lasry et al., 2013) as
well as their problem-solving skills (Cortright et al., 2005).

The aim of the current study was to investigate the effectiveness and
applicability of peer instruction as a method to teach the acids and bases top-
ic at the 12th-grade level. Peer instruction has been frequently used in phys-
ics teaching (Kudo et al., 2017) and has been shown to produce successful
results. It is therefore considered that peer instruction, which encourages stu-
dents to think, question, and discuss throughout the lesson, will also be an
effective method to help students comprehend difficult chemistry subjects at
the desired level (Brooks & Koretesky, 2011; Ergin et al., 2019; Lasry et al.,
2008).

Research Questions

Can peer instruction be used as an effective method in teaching acids and
bases?

Research Sub-Questions

e Considering the Acids-Bases Concept Test pretest—posttest mean scores,
does a statistically significant difference exist between the academic
achievement levels of students?

e How does teaching acids and bases with peer instruction affect students’
conceptual learning levels?

e What effect do peer discussions during lessons have on students’ under-
standing of a subject?

e s there a statistically significant difference between students’ attitudes
towards chemistry lessons in terms of the Chemistry Attitude Scale pre-
test and posttest average scores?

e Is there a statistically significant difference between students’ attitudes
towards discussion in terms of their pretest—posttest Argumentativeness
Scale average scores?

e  What are the students’ attitudes and views towards the peer instruction
method?

SIEF, Vol.23, No.1, 2024 3641



Ozcan et al. (Turkey). Peer Instruction on Acids and Bases to 12th Grade Students.

Peer Instruction Method

Peer instruction, which is described as an active learning method, is seen to
increase students’ individual participation in lessons, enabling them to learn
by directing them towards discussion with their peers, and to take greater
responsibility for their own learning (Zhu, 2007). Peer instruction was first
developed by Eric Mazur in the 1990s (Mazur, 1997). In the implementation
phase of the method, the teacher first divides learning units into small sec-
tions which include certain concepts so that these concepts can each be cov-
ered in small time periods. At the beginning of the lesson, students’ reading
assignments are checked by way of administering a quiz or by evaluating
small assignments they completed prior to the lesson. The aim being to make
students more familiar with concepts related to the subject being taught, and
for teachers to shape their lesson preparations having seen their students’
current knowledge level of a particular topic ahead of the lesson. During the
lesson itself, the teacher sets a conceptual question which the students then
attempt to answer through the use of appropriate flash (answer) cards. If ap-
proximately 90% or more of the class are able to answer correctly, the teach-
er moves on to the next small section. However, if only 30% of the students
or less were able to answer correctly, the teacher reworks the topic in detail.
Where the correct answer rate falls between these two ratios, the teacher
tasks the students to discuss the question with their peers and then to update
their answers accordingly. At the end of this process, the students’ answers
are reevaluated by the teacher and the next step is decided upon in accord-
ance with the updated correct answer ratio of the class.

Methodology

In this study, the action research method was employed to determine the ef-
fect of peer instruction on the students’ level of learning the concepts of ac-
ids and bases, as well as their attitudes towards the chemistry lessons. In ac-
tion research studies, researchers take part as practitioners with the aim being
to understand the dynamics of the process and its effect, to find solutions,
and to generate new ideas (Johnson, 2014). In this classroom-based study,
the first author designed a research based on their own classroom teaching as
a high school chemistry teacher employed at a private high school, where the
high performance of students is a significant focus. The school expects its
teaching staff to employ student-centered methods and active teaching meth-
odologies in order to promote student activity during the teaching-learning
process. The researcher-teacher’s aim was for students to effectively partici-
pate and learns in their chemistry lessons; however, based on prior experi-
ences in the teaching of acids and bases at the 12th-grade level, students do
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Figure 1. Action Research Process.

not actively participate during classes and held certain misconceptions about
the concepts involved.

Not wanting their students simply to study with an exam-oriented fo-
cus, especially in the 12th grade with university entrance exams held at the
end of their school year, the researcher-teacher wanted to break this general
trend. After having interviewed other teaching colleagues, it was noted that
they too experienced the same problems, and confirmed that active learning
methods were never applied in 12th-grade classes at the school. The re-
searcher-teacher held a doctoral degree and was familiar with active teaching
strategies from their postgraduate education, and was therefore quite enthu-
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siastic to use peer instruction as an active learning method. With the inten-
tion of trying to improve 12th-grade students’ understanding of acids and
bases content through a change of teaching style, the researcher-teacher re-
viewed the related literature and developed a plan to conduct the research.
The research process and action plan was then shared with other researchers
who joined the study. The processes of designing the study, collecting, ana-
lyzing, and interpreting the data, and then reporting the results (Glanz, 2014)
(see the action research process illustrated in Figure 1) were predominantly
under the responsibility of the researcher-teacher as first author of the cur-
rent study.

Participants

The study group consisted of 21 students studying in their 12th grade at a
private high school. Since the first author worked as a teacher at this institu-
tion, this action research study was conducted in their own 12th-grade chem-
istry class, utilizing convenience sampling as an appropriate means to access
the target community. Both science and mathematics courses were taught in
the English language at the school, and the academic level of the students,
who are required to pass a special exam to attend the school, were very close
to each other. The 12th-grade students who participated in the study had pre-
viously taken chemistry courses at the ninth, 10th, and 11th grade, and had
therefore received basic level tuition on the topic of acids and bases in their
10th grade.

Data Collection Tools

Acids and Bases Concept Test

The Acids and Bases Concept Test (ABCT) was developed for use both as a
pretest to measure the students’ knowledge about acids and bases prior to
being taught with the peer instruction method, and again as a posttest to
measure their conceptual learning after the subject had been taught. The test
was created by the researchers based on the current chemistry textbooks used
at the school, past exam questions, and conceptual acid-base questions taken
from the literature (Demerouti et al., 2004; Pinarbas1 & Canpolat, 2011; Ross
& Munby, 1991). The ABCT consists of 30 multiple-choice questions, each
with four options. Students were allowed 40 minutes to complete the test.
The test is scored as 1 point for each correct answer and 0 points for any in-
correct answers, with a maximum test score of 30 points.

In order to check whether or not the test questions sufficiently over-
lapped with the objectives to be measured (content validity), the expert opin-
ion of the other researchers of the study and three chemistry teachers were
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sought. In addition, the ABCT was first developed as a pilot exercise, with
40 questions applied to 75 students at two different high schools. As a result
of the post-pilot analysis, 10 questions that were deemed not to have any dis-
tinguishing features were subsequently removed from the finalized version
of the test. The Cronbach’s alpha reliability coefficient for the ABCT was
found to be 0.71.

Method Opinion Scale

The Method Opinion Scale (MOS) was prepared by the researchers in order
to evaluate the opinions and thoughts of the participant students regarding
the effectiveness and efficiency of the peer instruction method after the sub-
ject had been taught. The MOS consists of seven open-ended questions. In
their preparation, the questions were presented to two faculty members who
were experts in their respective fields. In order to ensure that the questions
were sufficiently short in length yet fully understandable, and also that they
covered all aspects of the peer instruction method, and the researchers paid
utmost attention to the experts’ suggestions. During implementation of the
MOS, the participant students were requested not to write their names on the
answer sheet in order that they could respond without feeling undue pressure
and to eliminate any thoughts of receiving negative feedback from their
teacher if they gave any negative responses. The students were given 40
minutes to respond to the scale.

Chemistry Attitude Scale

The Chemistry Attitude Scale (CAS) was developed by Geban et al. (1994)
and applied in the current study to measure the effect of the peer instruction
method on students’ approaches towards chemistry lessons. The CAS was
first applied in the study prior to acids and bases being taught with the peer
instruction method, and then reapplied again after the instruction. The scale,
which is a 5-point, Likert-type instrument with anchors of 5 = strongly agree,
4 = agree, 3 = undecided, 2 = disagree, and 1 = strongly disagree, consists
of 15 items in total. Responses to the CAS are scored from 5 to 1 for the
items affirming the students’ positive attitudes towards the lessons, and from
1 to 5 for the items dealing with negative attitudes, and the results then con-
verted into numerical data. The Cronbach’s reliability coefficient for the
CAS was found to be 0.93.

Argumentativeness Scale

Infante and Rancer (1982) developed the Argumentativeness Scale (AS) to
measure whether or not students’ attitudes towards discussion change during
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lessons. The scale is presented as a 5-point, Likert-type instrument (5 = al-
ways, 4 = often, 3 = | am indecisive, 2 = sometimes, and 1 = never) and con-
sists of 20 items in total. The AS was applied in the current study both before
and after the acids and bases topic was taught using the peer instruction
method. The Cronbach’s internal consistency coefficient of the original scale
was .91, and the scale’s Turkish adaptation by Kaya and Kili¢ (2008) pre-
sented a Cronbach’s alpha reliability coefficient of 0.73.

Responses to the AS are scored from 5 to 1 for items that affirmed
the students’ positive attitudes towards discussion, and from 1 to 5 for items
based on their negative attitudes, and the results were then converted into
numerical data.

Semi-Structured Interview

According to the data obtained from the ABCT having been applied as a
posttest, semi-structured interviews were conducted in order to gather more
detailed information from which to examine the conceptual learning levels of
the participant students and their views on the peer instruction method after
the acids and bases topic had been taught using the peer instruction method.
The interview questions were prepared by considering the answers given by
the students to the ABCT and the events that emerged during the course of
the lessons. The interviews were conducted with six students, with two vol-
unteers chosen from among those who scored above average, average, and
below average in the ABCT posttest.

The interview questions were applied in two parts. First, seven ques-
tions were asked that aimed to elicit the participant students’ in-depth opin-
ions about the peer instruction method. Second, the concepts that students
often have misconceptions about regarding acids and bases were determined,
and 10 open-ended concept questions were designed in order to examine
their understanding of these topics and to reveal the reasons behind any mis-
conceptions. Each semi-structured interview lasted for approximately 40
minutes and was audio recorded.

Observation

Detailed observation notes were taken by the researcher at the end of each
lesson taught using the peer instruction method. The aim was to reach more
reliable results by supporting the qualitative data obtained from the MOS
and the semi-structured interviews with observations from the lessons. The
students’ motivation during the lessons taught with the peer instruction
method were carefully observed and noted, as well as their readiness, their
communication with their peers during the discussions, and the overall effect
that the method had on their participation during each lesson.
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Table 1. Concepts Related to Acids-Bases.

Concept Planned Time
Conjugated acid

1. Conjugated base 80 minutes
Amphoteric

2 N_eutr_ahzatlon 80 minutes
Titration
pH )

s Autoionization of water 80 minutes
Strong acids
Strong bases .

4, Weak acids 80 minutes
Weak bases
Lewis acid

5. Lewis bas_e 40 minutes
Nucleophile
Electrophile
lonization of weak acids .

6. o 80 minutes
lonization of weak bases
Buffer solutions 40 minutes
Hydrolysis 40 minutes
pH curves

9. End point 120 minutes
Equivalence point

10. Indicators 40 minutes

Concept Questions

Multiple-choice questions covering each concept in the acids and bases unit
were first prepared. Students’ misconceptions about acids and bases most
frequently mentioned in the literature were taken into consideration during
the preparation of the questions. The questions were then examined by two
faculty members for content validity and any necessary improvements were
applied in line with their opinions.

The participant students then answered the questions individually us-
ing an answer sheet. In cases where the percentage of correct answers in the
class was between 30% and 90%, the students reviewed their answers by
discussing them with their peers and then marked their new individual an-
swers on their answer sheet. In this way, the responses to these questions al-
so presented data regarding the peer instruction method application, as well
as an opportunity to examine the contribution of the students’ discussions to
their conceptual learning levels.

Implementation

The peer instruction method application was completed over a 5-week dura-
tion, with five 40-minute lessons per week. Prior to commencing the lessons,
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detailed lesson plans were prepared by dividing the teaching unit into 10
compatible subtitles. Based on the nature of peer instruction, these subtitles
were then subdivided into ten 12-minute time periods in which one or more
of the concepts they contain (see Table 1) would be studied. It should be
noted that the time allowed for answering and discussing the concept ques-
tions is excluded from these time periods.

As the subject of acids and bases was being taught using the peer in-
struction method, the subtitles to be covered in each upcoming lesson were
given as textbook reading assignments in order for the students to arrive at
the lesson having prepared in advance. In addition to these assignments, the
students were tasked with answering reading quiz questions at home in order
to gain familiarity with the required basic concepts and terminology. These
assignments were collected from the students before the start of each lesson,
quickly examined, and general preliminary information about the relevant
section provided. This approach was employed to help the students gain fa-
miliarity with the concepts to be covered in the lesson, identify any points
with which they experienced difficulties in understanding, and to then focus
more on those areas during the upcoming lesson.

The lesson process started with the teacher explaining the objectives
of the subject to be covered and the content of the lesson. Then, as an intro-
ductory activity, a thought-provoking question was asked to the students
about the textbook chapter they would discuss, and their answers noted. Next,
the subject was discussed based on a detailed explanation provided about the
question. For example, considering acid-base theories, as a thought-
provoking question, the students were asked, “What do the terms acid and
base mean to you?” After a reflection period of about 2 minutes, some of the
students volunteered their answers. Afterwards, the meaning of the terms
was briefly explained and then the Arrhenius acid-base theory was discussed,
followed by an examination of the historical development process of acids
and bases.

According to Arrhenius, acids are substances that increase the H* ion
concentration in their aqueous solutions, while alkalis, as soluble bases, are
substances that increase the OH" ion concentration in their aqueous solutions.
These expressions were explained by showing the equations of acids and ba-
ses in their aqueous solutions with examples on the classroom whiteboard.
Afterwards, the limitations of this theory were emphasized, along with how
it helps in forming the foundations for new theories. Thus, the content was
attempted to be associated with the nature of science. For example, Equation
1 was presented on the whiteboard, emphasizing that the reaction between a
weak base, ammonia, and hydrogen chloride gas cannot be explained by this
theory since ammonia does not contain OH- ions.

HCI(g) + NHas(g) — NH,CI(s) Q)
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6’ .

Figure 2. Students Holding Up Flashcards during Application.

Second, the Brensted—Lowry acid—base theory was discussed. Ac-
cording to this theory, Equations 2-4 can be used to explain that acids are
proton donors and bases are proton acceptors. It was also stated that in aque-
ous solutions, a proton can be represented as H* or as a hydronium ion HzO".

HCl(aq) + H20 (1) — Hs0"(aq) + Cl (aq) )
CH3COOH(I) + H,0 (I) == CH;COO (aq) + Hs0"(aq) 3)
NHs (aq) + H20 (I) == NH,"(aq) + OH (aq) (4)

In order to draw the students’ attention to the misconception that
“water cannot act as an acid or a base, it is just a solvent,” which is frequent-
ly encountered in the literature, the question “Can pure water with a pH of 7
at 25°C act as an acid or a base?” was asked. The students were then given
about 2 minutes to think before their answers were taken. Afterwards, the
teacher gave a detailed explanation of the problem. From Equations 2-4, it
can be stated that water behaves as a base by accepting a proton when it re-
acts with acids, and acts as an acid when it reacts with bases by donating
protons. Therefore, substances that can act as both Brensted—Lowry acid and
Brensted—Lowry base are classified as amphoteric substances.

After the explanation, the first multiple-choice conceptual question
was asked to the students, who were then given 2 minutes to answer the
question individually. When the time was up, the students were asked to
show their answers using flashcards (cards with options A, B, C, and D; see
Figure 2) that had previously been left on their desks by the teacher.
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The teacher tallied up the students’ answers and determined the class
percentage of correct answers before moving to the next phase of the peer
instruction process based on this percentage.

Following this, the concept of conjugate acid-base pair and ampho-
teric substances were studied for a period of 10-12 minutes. It was empha-
sized that there is only one hydrogen atom difference between a conjugate
acid-base pair, and it was stated that amphoteric substances can act as either
a Brensted—Lowry acid or a Brensted—Lowry base, depending on their reac-
tion. These concepts were then explained on the whiteboard using Equations
5-7.

H,PO, (aq) + OH (aq) — HPO4* (aq) + H,O(l) (5)
H2COs(aq) + OH (aq) — HCO3 (aq) + H20(1) (6)
HCO5 (ag) + S* (ag) <= HS (aq) + COs* (aq) 7

The multiple-choice concept questions prepared for this section were
directed to the students and the same steps of the peer instruction method
were then repeated.

The misconceptions most frequently encountered in the literature
were associated with the relevant sections and asked to the students in the
form of questions throughout the course of the lesson in order to draw their
attention to these misconceptions. These questions were also embedded in
the lesson plans. In order to eliminate these potential student-held miscon-
ceptions, the teacher gave detailed explanations and examples once the stu-
dents’ answers had been received. The remaining sections were then treated
in the same manner as explained here for the first section.

Data Analysis and Ethical Considerations

For the analysis of the quantitative data obtained from the research, non-
parametric tests were performed using IBM’s SPSS program. Data from the
ABCT’s pretest and posttest applications were analyzed by applying the
Wilcoxon signed-sum test, which is the non-parametric equivalent of the de-
pendent (paired) group t-test and is recommended for use in cases where the
number of participants is less than 25 (Gravetter & Wallnau, 2015). In the
analysis quantitative data generated from the CAS and AS applications, Wil-
coxon signed-sum test was used in order to determine whether or not a statis-
tically significant difference existed from before and after the application.
Results from the concept questions, as another form of quantitative data col-
lection, were presented separately for each subtitle by calculating the indi-
vidual correct answer percentages of the students before and after the discus-
sion.
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The qualitative data obtained from the MOS, researcher observations,
and semi-structured interviews were reviewed according to descriptive anal-
ysis techniques and coded using appropriate categories. Direct guotations
from the study’s semi-structured interviews were frequently selected to sup-
port interpretations and inferences and to facilitate the reader’s interpretation
of the results. In addition, the researcher-teacher analyzed the data by con-
sulting with another researcher in the study, who was an expert in the area of
peer instruction, for the purposes of consensus. Both qualitative and quanti-
tative approaches were used together in the current research, which was de-
signed within the framework of an action research study. It has been stated in
the literature that inferences obtained based on the use of qualitative and
quantitative methods together can be more explanatory and enlightening
(McMillan & Schumacher, 1997). The data obtained from the quiz questions
and researcher observation notes were evaluated as supportive and comple-
mentary to the data obtained with other data collection tools. Thus, data tri-
angulation was attempted to be provided.

All students participating in the study were administered the same
peer instruction practices under the same conditions and by the same teacher.
The researcher-teacher made the application and observations without preju-
dice, to the best of their knowledge. The participating students had not pre-
viously been taught with the peer instruction method. Six volunteer students
were selected for the semi-structured interviews, and attention was paid to
the interviews being conducted during the week following the end of the ap-
plication in order to ensure the students’ retention of information about the
application and its process. The collected data were evaluated according to
both positive and negative results in terms of dependability. The findings
obtained from the theoretical framework were compared with the findings of
similar studies from the current literature. The current research study was
conducted according to the permission received from the researchers’ uni-
versity ethics committee. In addition, the students’ parents were duly in-
formed about the nature of the study, and parental permission and student
participation forms were collected prior to commencement of the application.
While presenting the data, in place of the participants’ real names being used,
pseudonym participant codes of S1, S2... were used instead.

Findings

Effect of Peer Instruction on Academic Achievement

According to the results of the ABCT’s application, a statistically significant
difference was found to exist between the students’ pretest and posttest
scores (z = -4.020, p < 0.05). It was determined that the students’ pretest
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Table 2. Wilcoxon Test Results.

Ranks n z p
Pretest-posttest scores Negative Ranks Oa -4.020 0.000

Positive Ranks 21b

Ties 0c

Total 21

a. Posttest Score < Pretest Score
b. Posttest Score > Pretest Score
c. Posttest Score = Pretest Score

Table 3. Misconception Analysis Results.

Misconception* Pretest %  Posttest %
1 For a substance to be acidic, it must contain H in its structure. 85.7 52.4
2 Misrecognition of the definition of the concept of amphoterism. 81.0 38.1

Misconception about the arrangement of ions or molecules at the molecular

3 level in acid-base solutions. 571 428
4 Ip)r?ettlgli‘/t,lonS’ if either acid or base is weak, neutralization does not occur com- 71.4 28.6
5 KW value is always equal to 1.0 x 10-14 28.6 0.0
6 The expression KW = [H]" x [OH]" is valid only for pure water. 76.2 28.6
7 Acidic solutions do not contain OH™ ions. 19.0 0.0
8 Acidity _st_rength depends on the number of hydrogens i_n the_ substance, and 90.5 90.5
the basicity strength depends on the number of hydroxides in the substance.
9 Concentration is a measure of acidity or basicity strength. 14.3 4.8
10 Equivalence point and turning point are the same thing. 90.5 38.1
11  All solutions have the same pH value at the equivalence point. 76.2 4.8
12 All acid-base titrations form neutral solutions at the end point. 57.1 23.8

*Includes misconceptions with a prevalence of more than 10%.

score average was 10.10 out of a possible 30 points, and that the posttest
score average was 19.52. The Wilcoxon test results are presented in Table 2.
From the Wilcoxon signed-sum test, the difference between the mean
scores was revealed as being statistically significant, with the difference in
favor of the posttest. In other words, the academic achievement levels of the
students had increased significantly by the end of the implementation.

Effect of Peer Instruction on Conceptual Learning

Table 3 presents the students’ misconceptions based on data analyzed from
the ABCT application, which was prepared considering well-known miscon-
ceptions on the subject, and applied both as a pretest and a posttest.
According to Table 3, there was a significant improvement seen in
eliminating misconceptions that the students held prior to the application,
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except for one (misconception 8). The following question tests this miscon-

ception:
Which of the following is a weak acid?
o HzSO4
o H3PO4
o HN03
o HC|O4

Considering the answers given by the students to this question, it was
determined that 15 of the students chose option D in both their pretest and
posttest, and that a high percentage (90.5%) of the students held this miscon-
ception in both test applications. It was concluded that the students continued
to associate the acidic strength in direct proportion to the number of
hydrogens in the substance at the end of the implementation. Since both
H.SO, and HNO3 are acids that are frequently given as examples in both the
students’ resources and lectures, it is notable that of the students who select-
ed option B or D, option B (H3PO,) was preferred as the strong acid, which
has a high hydrogen number.

Table 3 shows that there was significant elimination of eight miscon-
ceptions based on comparing the students’ posttest scores to their pretest
(misconceptions 1, 2, 4, 6, 9, 10, 11, and 12) and that some were completely
eliminated (misconceptions 7 and 5). However, despite this change, it can be
seen that some of the students’ misconceptions persisted even after the study
application (misconceptions 3 and 8) and that these were quite resistant to
change. Based on the answer given to the question in which misconceptions
1 and 7 were tested, it was understood that the students did not consider
Lewis acids when considering acids. Teaching a large part of the acid-base
unit on the basis of the Brensted-Lowry theory and usually giving the exam-
ples of known acids and bases may have been affective in the formation of
these misconceptions.

Specific to misconception 2, it was determined that there were seven
students who thought that a substance could not act as both a Bronsted-
Lowry acid and a Bronsted-Lowry base in both their pretest and posttest re-
sponses. In the question regarding misconception 4, the students are required
to know in which forms ethanol and hydrogen chloride exist in aqueous solu-
tions; however, the findings revealed that the students were unable to suffi-
ciently visualize the dissolution of ethanol and hydrogen chloride in water at
the molecular level. There was a significant improvement seen for miscon-
ception 4, but following the application, six students still thought that a
strong acid could not be completely neutralized with a weak base. The re-
sults for misconception 5 revealed that the majority of the students under-
stood that the value of Kyy changes at different temperatures and thus the pH
values of pure water can also change. For misconception 6, following the
application, most of the students understood that the expression Ky = [H]".
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Table 4. Findings of Concept Questions.

Topic Concept Pre-Discussion Answers (%) Post-Discussion Answers (%)
Question e False True False
1. 85.7 14.3 100.0 0.0
2. 71.4 28.6 85.7 14.3
3. 95.2 4.8 - -
Acid-Base Theories 4. 95.2 4.8 Z -
5. 90.5 9.5 - -
6. 90.5 9.5 - -
7. 81.0 19.0 90.5 9.5
8. 90.5 9.5 - -
1. 85.7 14.3 100.0 0.0
2. 71.4 28.6 81.0 19.0
Properties of Acid-Bases 3. 23.8 76.2 577 42.3
5. 95.2 4.8 - -
6. 66.7 33.3 90.5 9.5
1. 66.7 33.3 90.5 9.5
2. 85.7 14.3 100.0 0.0
Strong/Weak Acids 3. 76.2 23.8 85.7 14.3
and Bases 4. 81.0 19.0 100.0 0.0
5. 76.2 23.8 95.2 4.8
6. 52.4 47.6 66.7 33.3
1. 33.3 66.7 61.9 38.1
Acid-Base Calculations 2. 81.0 19.0 95.2 4.8
3. 76.2 23.8 100.0 0.0
1. 66.7 33.3 95.2 4.8
Ka, Kb Values for 2. 81.0 19.0 100.0 0.0
Conjugated Acid-Base Pairs, 3. 23.8 76.2 90.5 9.5
Relationship of Kw Value 4. 76.2 23.8 100.0 0.0
with Temp., pKa, pKb 5. 95.2 4.8 - -
6. 85.7 14.3 95.2 4.8
1. 42.9 57.1 95.2 4.8
. 2. 61.9 38.1 71.4 28.6
Buffer Solutions 3 505 95 - -
4. 33.3 66.7 90.5 9.5
1. 52.4 47.6 100.0 0.0
Salt Hydrolysis 2. 14.3 85.7 71.4 28.6
3. 76.2 23.8 95.2 4.8
1. 57.2 42.8 95.2 4.8
pH Curves 2. 38.1 61.9 61.9 38.1
3. 57.2 43.8 100.0 0.0
4. 61.9 38.1 100.0 0.0
1. 57.2 42.8 71.4 28.6
2. 61.9 38.1 81.0 19.0
Indicators 3. 66.7 33.3 100.0 0.0
4. 85.7 14.3 100.0 0.0
5. 76.2 23.8 95.2 4.8
6. 66.7 33.3 95.2 4.8
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[OH]" was valid not only for pure water but for all aqueous solutions. Re-
garding misconception 9, it appears that the students ignored the need to un-
derstand the solution concentrations whilst comparing acidic strengths using
the solution pH values. In addition, an unlisted (additional) misconception
was also identified, that “acids in solutions with lower pH, are stronger.”

A significant improvement was seen regarding misconception 10,
although eight of the students still held this same misconception even after
having received the instruction. Both the pretest and posttest results for mis-
conception 11 showed that the students understood that the pH values at the
equivalence point can change according to the strengths of neutralized acids
and bases. Finally, although there was a noticeable improvement between the
pretest and posttest scores regarding misconception 12, five of the students
who selected incorrect options following the application failed to understand
that the pH value at the equivalence point should be less than 7 at the end of
a weak base-strong acid titration.

Effect of Peer Discussions on Understanding the Sub-
ject

Table 4 presents the percentages of the students’ correct and incorrect an-
swers for the concept questions for each subtitle, with both their first indi-
vidual answers (pre-discussion) and the again after the peer discussion ac-
tivity. In questions where the students’ individual answers were correct by
90% or more, no discussion was held, hence no post-discussion percentages
are shown.

According to Table 4, when the percentages of incorrect first indi-
vidual answers are compared with the incorrect answers determined after the
discussion, it can be seen that a significant improvement exists for those
questions that were discussed. In some cases, although there was a notable
improvement in the students’ individual answers to the concept questions
after the discussion, where this improvement still failed to meet the desired
level, new tests were conducted with different concept questions after having
been explained in detail. When the answers given to these concept questions
asked based on new tests were examined after the discussion, it can be seen
that the percentage of incorrect answers was 10% or below.

Effect of Peer Instruction on Attitudes towards Chemis-
try

Since the scores obtained from the Chemistry Attitude Scale did not show
normal distribution, the Wilcoxon signed-sum test was employed. The anal-
ysis results showed that there was no statistically significant difference be-
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Table 5. Wilcoxon Test Results.

Ranks n z p
Pretest-Posttest test Negative Ranks 7a -1.008 0.313
scores Positive Ranks 13b

Ties 1c

Total 21

a. Posttest Score < Pretest Score
b. Posttest Score > Pretest Score
c. Posttest Score = Pretest Score

Table 6. Wilcoxon Test Results.

Ranks n z p
Pretest-Posttest Negative Ranks da -1.874 0.061
scores Positive Ranks 14b

Ties 3c

Total 21

a. Posttest Score < Pretest Score
b. Posttest Score > Pretest Score
c. Posttest Score = Pretest Score

tween the students’ pretest and posttest mean scores (z = -1.008, p < 0.313).
According to the descriptive results, the students’ pretest mean score was
54.19 out of a possible 75, whilst the posttest mean score was 57.48. The
Wilcoxon test results are presented in Table 5.

According to Table 5, the difference between the mean scores was
not found to be statistically significant according to the results of the Wil-
coxon signed-sum test. However, as can be seen, the posttest means score
was higher than that of the pretest.

Effect of Peer Instruction on Attitudes towards Argu-
ment

It was determined that the Argumentativeness Scale data did not show a
normal distribution, and therefore the Wilcoxon signed-sum test was applied.
The analysis results revealed that there was no statistically significant differ-
ence found between the students’ pretest and posttest scores (z = -1.874, p <
0.061). According to the descriptive results, the students’ pretest mean score
was 70.3 out of a possible 100, whilst the posttest mean score was 76.0. The
Wilcoxon test results are presented in Table 6.
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Table 7. Attitudes and Opinions of Students Towards Peer Instruction.

Question

Excerpts from the students’ responses

%

How did the peer instruction teaching

“My interest in the lesson increased.”
“It helped reinforce the subject, increased my motiva-

method used for acids and bases affect . ; M 21 100.0
. . tion, and helped me see my mistakes.”,
your interest in the course? “ o
It made the lesson more efficient.
H Id th . “It was more effective than the way other subjects are
ﬁwr:Nt%u y_c()ju corgrt))are te waly In handled in terms of understanding the subject.” 17 810
which the acids and bases topic was “l understood the subject better this way.” ’
handled in this course with the way that “It saves time.”
other topics were handled in terms of T - ed ai Dot m
your understanding of the subject? ere W?S no percelved difierence between the 4 19.0
methods.
How did the way the acids and bases “It positively affected my participation in the course.” 19 904
topic was handled affect your participa-  “It did not affect my participation.” 1 4.8
tion in the course? “It reduced my participation.” 1 4.8
“The discussions helped me understand the topic
) . . better, added a different dimension and perspective to
Did the classroom peer discussions the way | learned the topic, and increased the perma- ~ ~0 904
have any impact on your understanding nence of m -
f ] y learning.
of the acids and bases topic? — -
It didn’t have any effect on my understanding of the P 9.6
subject.” )
“It was helpful.” 14  66.7
Were the reading quizzes considered B — —
as helpful? Its contribution was limited. 4 19.0
“It didn’t help.” 3 14.3
“The discussions held during the course were effec-
tive and productive, and for this reason, | participated
Did the way the acids and bases topic in the discussions with pleasure, realized any mis- 17 810
was handled make you enjoy class- takes | had made through discussing with my peers, '
room discussions? and had the opportunity to see different perspectives
from these discussions.”
“No, it did not make me like [the subject].” 4 19.0
“l found the reading assignments to be useful since
when we arrived at the lesson, we already had an 15 714
Did you find that the reading assign- idea about the subject, which increased our participa- '
ments for the acids and bases topic tion in the lesson.”
useful to your learning of the subject? “It partially helped my learning.” 4 19.0
“I don't think it helped.” 2 9.6

According to Table 6, it was determined that the difference between

was not
students

the students’ Argumentativeness Scale pretest and posttest scores
statistically significant. However, the posttest means score of the
was found to be higher than the pretest mean score.

Students’ Attitudes and Opinions towards Peer Instruc-
tion

Table 7 presents the seven questions about the attitudes and opinions of the
students towards the peer instruction method together with excerpts from
their answers. According to the results, the students considered that peer in-
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struction helped to increase their motivation. Those students who answered
that there was no difference between the traditional and peer instruction
methods considered that they had the opportunity to reinforce what they had
learned, and that although this helped in their success, it did not change their
level of understanding of the subject. Except for one student, all of the par-
ticipants stated that the teaching of the acids and bases subject using peer
instruction had positively affected their participation in the lessons. One stu-
dent who responded negatively determined that their motivation sometimes
decreased whilst waiting for the questions to be asked. It was observed that
students responded positively when questioned about the effect of peer dis-
cussions being held in the classroom regarding their understanding of acids
and bases. Two of the students stated that the discussions had no effect on
their understanding of the subject, and mentioned that they preferred not to
change their answers post-discussion where they were still unsure about their
answers.

A small number of the participants indicated that the contribution of
the reading quizzes was limited or none, and that, in addition, these tests cre-
ated unnecessary stress for the students. Those students who found the tests
to be of no benefit also stated that it was difficult to solve questions in situa-
tions that required them to provide detailed information. These results show
that reading quizzes positively impacted the majority of the participating
students as a pre-lesson preparation tool.

Most of the students stated that the discussions held as part of their
course were effective and productive. On the other hand, those who nega-
tively responded did so with simple, short answers such as “no, it [the dis-
cussion] didn’t make them like it [presumably, the subject]” without elabo-
rating with any further explanation. The majority of the students found the
reading assignments they were given to complete before the lessons were
prepared in a way that was useful to the learning of the subject. A few of the
students considered the reading assignments to be of limited benefit, and
stated that they were seen as useful in terms of attending lessons already
prepared, but that they were insufficient in terms of fully understanding the
main concepts of the subject. Those participants who did not find the reading
assignments to be useful did not consider that the subject could be under-
stood through reading unless a teacher then also explained the subject.

Semi-Structured Interview Findings

Opinions about the Peer Instruction Method

It was determined that the answers given by the students to the seven semi-
structured interview questions about the peer instruction method coincided
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with their explanations given in the Method Opinion Scale, and that they
were mostly positive.

From the analysis of the answers given to the question about the ad-
vantages of teaching with peer instruction, the students said that they felt
they understood the subject better, participated more in the lessons, were
able to appreciate different ideas and perspectives, take note of and correct
their own mistakes during the discussions, arrive at the lesson more prepared,
and that it reinforced their understanding of the topic.

With regards to any disadvantages of teaching with the peer instruc-
tion method, the students did not express much in the way of negativity, alt-
hough they did identify certain disadvantages; that peer discussions can
sometimes get tough, the application takes longer, concept test questions can
be difficult, leading to the thought that some students would not be able to
learn the topic.

The interviewed students responded positively when asked, “How
did the peer instruction teaching method used for acids and bases affect your
interest in the course?” They mentioned that their interest level increased,
that they were more motivated during the lessons, and that the discussions
were enjoyable.

The concept test questions projected on to the whiteboard were con-
sidered by the students to be useful in terms of learning the subject. These
questions were found to be effective in terms of understanding the subject,
and that they were thought-provoking and positive in terms of increasing the
permanence of the topic being taught.

It was indicated that discussing the concept test questions with their
peers had a positive effect on the students’ learning. The students’ responses
of the relevant semi-structured interview question revealed that they were
able to comprehend the topic better through seeing different perspectives,
that they were able to express themselves better, that their answers were at-
tempted to be attributed to a reason, and that the discussions led the students
to think more deeply and increased the permanence of the subject in their
minds.

All but one of the interviewed students stated that the application of
peer instruction for other chemistry topics could also be effective and bene-
ficial. They also mentioned that the method provided them with the oppor-
tunity to participate in the lesson more actively and to correct their mistakes
promptly. On the other hand, one student stated that the effectiveness of the
method may differ from one topic to another.

The last of the seven questions posed during the first part of the semi-
structured interview examined the effect of reading quizzes on the students’
learning of the topic. All of the students stated that the quizzes had a positive
effect on their learning, that they had understood the basic points of the topic,
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which points they needed to study more carefully, and that they came to the
lesson with a better idea about the topic and thereby felt more prepared.

Misconceptions about Acids and Bases

The 10 questions that formed the second part of the semi-structured inter-
views attempted to determine the students’ level of understanding of the
concepts related to the acids and bases topic that was being taught.

When the students were asked “How do you define acids and bases?”
it was seen that five students defined acids and bases according to the
Bronsted-Lowry theory, which was a correct means of definition. Two of the
students stated that it could be defined according to three theories, with one
student correctly remembering the Arrhenius theory. All of the students
made definitions according to Lewis’s theory, and that only one student re-
membered this theory incorrectly. An example of one student’s answer is as
follows:

We defined acids and bases according to three theories. Let’s start
with Arrhenius first; acids give hydrogen ions when dissolved in water, while
bases give hydroxide ions. According to Bronsted-Lowry, acids donate pro-
tons and bases accept protons. According to Lewis, acids are electron pair
acceptors and bases are electron pair donors. [S4]

The students were then asked, “What can be said about the acidity-
basicity of water?” When their answers were examined, it was seen that the
students first answered that water was neutral. Five of the students correctly
mentioned the amphoteric property of water, stating that it can act as an acid
or a base against different substances. One of the students said that, “Since
the acid concentration in lakes can increase due to acid rain, these waters are
called acidic” (S2), which was incorrect. On the other hand, concerning the
question about the acidity-basicity of AI(OH)s, all of the students responded
that the material would also exhibit amphoteric properties since Al metal is
amphoteric. An example of a student’s answer to this question, together with
their interaction with the teacher, is as follows:

The Kw value of the water is 10™. This indicates that the water is
neutral because its pH and pOH values are 7. [S1]

Can’t water act as an acid or a base? [Teacher]

We can decide this according to the substance with which water re-
acts. For example, if we compare it with HCI, water becomes a base, if we
compare it with NaOH, water becomes an acid. It is amphoteric. [S1]
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What can you say about the acidity-basicity of AI(OH)3s? [Teacher]

It is also an amphoteric substance; it can show both acidic and basic
properties. AI(OH)3 may appear as a base but it can behave as an acid in
reaction with NaOH. [S1]

With regards to the question, “What do you understand by the
strength of acidity-basicity?” four of the students answered correctly. One
student attempted to explain the question with Ka-Kb, pKa-pKb values, and
the researcher asked a second question to further probe the student’s under-
standing, and although the students offered a correct explanation the ex-
pected answer was not obtained. Another student first tried to answer the
question using the concept of pH, but gave the wrong answer to the re-
searcher’s second question. However, the correct answer was given when the
researcher asked for a new explanation using a third question that included a
clue (as follows):

We can explain it by the concentration of H" or OH™ ions that an acid
or base contains. As the H™ ion increases, the pH value decreases and we
consider this as a stronger acid. The opposite is true for bases. [S2]

How would you explain the concept of strong acid vs. weak acid?
[Teacher]

By neutralization reactions. For example, if we can neutralize a
strong base only with a strong acid, it is called a strong acid. If the base is
weak, the neutralized acid is called a weak acid. [S2]

Can we explain it according to their dissociation in water? [Teacher]

If it is completely ionized in water, it is considered as a strong acid
or base, while if it is partially ionized, it is called a weak acid-base. So we
look at the degree of ionization in the water. [S2]

The students were then asked “Can you compare the pH values of
pure water at 25°C with pure water at 100°C?” All of the students responded
that the pH values of pure water would differ at the two temperatures. Two
of the students incorrectly answered, having stated that the pH value of pure
water at 100<C would be greater than 7 and would show basic properties.
Other students correctly answered, saying that the H* and OH™ concentra-
tions would be equal in pure water at different temperatures, that the pH val-
ue would decrease at high temperatures, but pure water would be neutral at
all temperatures. An example of one of the student’s response is as follows:

We can say that they are both neutral, but we cannot say that the pH
values of both are the same. This is because, as the temperature increases,
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the H" and OH™ concentrations also increase. While these values are 10-7 at
25°C, and let’s say 10-6 at 100 <C, then the pH value of the water will be 6.
[S3]

What can be said about the acidity-basicity of water at these temper-
atures? [Teacher]

Water is neutral at both temperatures, but the pH values will differ.
[S3]

From the question, “How can the change in the pH value at the
equivalence point be explained according to the acid-base strength used in
the titration? (give examples),” two of the students stated that since strong
acids are fully ionized and weak bases are partially ionized, the pH is less
than 7 at the equivalence point of their titration. Another student stated that
since the initial pH of strong and weak acids differs, titrations with the same
base will result in a different pH at the equivalence point. The researcher
then asked, “Can you explain that in another way?” to which four students
stated that there would be salt hydrolysis, but only one student gave the cor-
rect explanation. An example dialogue is as follows:

When weak acids or weak bases are titrated with a strong acid—
strong base, the pH value will be different from 7 at the equivalence point.
The salt formed is either acidic or basic. [S6]

How would you explain that? [Teacher]

For example, in acidic salt, conjugate acid of the weak base is pre-
sent. In its reaction with water, H" is formed. Salt hydrolysis occurs. [S6]

The students were then asked, “Can you draw the NaOH-CH;COOH
titration graph?” and it was determined that six students drew the correct
graph in response. Their graphs showed the approximately correct pH values
at the start, end, and equivalence points, and were accepted as correct. The
students showed that the initial pH of acetic acid was 3-5 since it is a weak
acid, with a pH at the end of the titration of 12-13 since NaOH is a strong
base, and the pH at the equivalence point was greater than 7. In addition, the
students were asked to choose an indicator for this titration, and it was ob-
served that all of the students chose the correct indicator in the appropriate
pH range.

Next, the students were asked, “Can you show the variation of hy-
droxide and hydrogen ions in a solution with respect to each other on a
graph?” Four of the students drew a correct graph, showing that the amounts
of H" and OH" ions changed inversely proportional to each other, but that the
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concentration of either could not be 0, while two of the students failed to
provide the correct response.

The students were also asked, “What can be said about the acidity—
basicity of sodium acetate and ammonium chloride salt?” It was seen that
five of the students classified the two salts correctly, whilst one student
failed to make the correct classification. The students were additionally re-
quired to explain their answers using reaction equations, with three students
providing the correct equations. However, three other students wrote down
the ionization of these salts in water, but could not remember the hydrolysis
reaction of the ions from a weak acid—weak base with water. An example
answer is as follows:

The solution of sodium acetate salt becomes basic. This is because
the salt is formed from the reaction of a weak acid such as acetic acid and a
strong base such as sodium hydroxide. When dissolved in water, it decom-
poses into acetate and sodium ions. OH" ions are formed from the reaction of
acetate ion with water, which makes the solution basic. Ammonium chloride
is an acidic salt. H" ions are formed from the reaction of the ammonium ion
with water, making the solution acidic. [S4]

Next, there followed a question, “How do you prepare a solution that
can resist pH change?” All of the students knew that a buffer solution should
be prepared in order for a solution to be resistant to pH change and they also
correctly stated the components of a buffer solution. The teacher then asked,
“How does it resist pH change when we add a small amount of strong acid to
a buffer solution?” It was determined that five of the students answered the
question correctly, whilst one could not provide the correct explanation. The
following is an example response:

Buffer solutions can show resistance to pH changes, and these can be
prepared by mixing a weak acid and its salt or a weak base and its salt. [S6]

How does the buffer resist the pH change when we add a small
amount of strong acid to the solution? [Teacher]

There is a weak acid and its conjugate base in the solution. This con-
jugate base neutralizes it by reacting with the added acid. [S6]

Finally, the students were asked, “Can you explain using equations
how an acid-base indicator gets different colors at different pH values?” Five
of the students gave the correct answer, whilst one student was unable to
provide an answer to the question. It was observed that the students who an-
swered correctly also wrote the desired reaction equation as Hln(aq) <=
H*(aq) + In"(aq), and added that the weak acid indicators and their conjugate
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bases gave different colors. An example of the students’ answers is as fol-
lows:

Colors change according to the change in the concentrations of a
weak acid indicator and its conjugate base in a solution. Since the Hin con-
centration will increase when acid is added, the color it gives becomes more

dominant and this is the color that we see. [S5]

Observation Findings

From the researcher’s observations, it was noted that the teacher did not talk
all the time during the lessons and that the students were afforded the oppor-
tunity to discuss topics among themselves which contributed considerably to
their active participation in the lessons. It was also noted that those students
who willingly participated in the peer discussions when solving the concept
questions tried to persuade each other by giving different examples. The stu-
dents participated in the discussions from the beginning to the end of the les-
sons, and appeared to easily ask questions that they may have otherwise been
afraid to ask their teacher directly. However, it was also observed that some
of the students, albeit limited in number, avoided taking part in any class-
room peer discussion, particularly during the initial weeks of the application.

It was observed that some of the students completed their reading as-
signment homework by preparing a summary, whist others only read the rel-
evant section. It was also noted that those students who prepared a summary
were able to grasp the subject more quickly and that they participated in the
lessons more willingly. The teacher walked among the students during the
peer discussions, and noted that those students who understood the concepts
well seemed openly willing to explain their opinions to their peers.

It was notably only very rarely observed that students whose first in-
dividual answer was correct changed their answers following a peer discus-
sion. The case of students holding on to an incorrect answer and not chang-
ing it following a peer discussion was also not observed very frequently. It
was observed, however, that the students thought longer about and made rea-
soning for those concept questions that were asked in the form of *“...which
or which ones are true?”

Conclusion and Discussion

In order to measure the effect of the peer instruction method on the academic
achievement levels of the participant students, the Acids-Bases Concept Test
was developed and used as both a pretest and posttest. When the ABCT re-
sults were analyzed, it was determined that the students’ academic success
had increased significantly. These findings are also consistent with similar
studies from the literature, e.g., Crouch and Mazur (2001), James (2006),
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Lasry et al. (2008, 2016), Perez et al. (2010), Schell and Butler (2018), and
Zingaro and Porter (2014). It can be said that the students’ active participa-
tion in the lesson by solving the concept test questions, discussing them with
their peers, and having the opportunity to reevaluate any elements of the
concepts that they did not understand based on their peers’ ideas was seen to
positively affect their academic achievement levels. The researcher-teacher
observed that the concept questions seemed quite challenging for the stu-
dents to answer, leading them to think more deeply. However, the peer dis-
cussions regarding these questions were seen to positively affect the perma-
nence of the knowledge they gained. These results also are consistent with
data obtained from the students’ semi-structured interviews. In addition, it
was considered that the students arrived at their classes having already be-
come familiarized with the topic that would be studied due to their reading
assignments and follow-up reading quizzes, which made it easier for the stu-
dents to understand the topic of study.

During the in-class peer discussions, the teacher participated by
walking around the class, helping the students to think more deeply and dis-
cuss the appropriate concepts, to move discussions in the right direction by
asking crucial questions where they had become stalled, and to provide the
students with clues that effectively drew demotivated groups back into the
discussion. It may be said that these factors also positively affected the aca-
demic achievement level of the participant students. Turpen and Finkelstein
(2009) obtained similar results from research undertaken at the University of
Colorado, in which they observed the practices of six physics instructors
who taught using the peer instruction method within the same department.
The authors stated that in classes where the student-teacher interaction was
high, the students participated in their lessons more willingly, and not only
answered the questions correctly but also expressed their reasoning more
clearly.

It has been frequently stated in the literature that conceptual learning
directly affects academic success (Petres, 2008). In terms of the current
study, a significant increase was observed in the conceptual learning levels
of the participant students, with visible improvement noted in the resolving
of misconceptions in parallel with their increased academic achievement.
However, it has also been frequently stated that special teaching methods are
required to reduce or eradicate learners’ misconceptions, and that traditional
teaching methods are deemed insufficient to achieve this outcome (Kaya,
2011; Schmidt, 1997). Connected to this, in research by both Lasry et al.
(2013) and Zhang et al. (2017), it was reported that peer instruction practices
help improve students’ conceptual learning levels.

As can be seen in Table 4, upon comparing the percentages of indi-
vidual correct answers given by the participant students to the concept ques-
tions before and after the discussions, a significant increase was observed
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after the peer discussion had taken place. The researcher-teacher also ob-
served that the students made greater efforts to understand the concepts by
extending their mental activities across a larger part of each lesson, along
with working on the solution of concept questions and peer discussions dur-
ing the lessons. Additionally, the answers given by the students to the semi-
structured interview questions notably coincided with these same observa-
tions. As stated in the literature, scientific discussion undertaken during les-
sons can positively affect students’ conceptual learning (Erduran et al., 2004;
Naylor et al., 2007). As an example that supports this finding, the percent-
ages of correct answers given by the students in the current study to the se-
cond concept question in the seventh subtitle (see as follows) before and af-
ter the peer discussions are presented:

Which salts will dissolve in water to give solutions with a pH above 7?
I. Na,COs3
Il. CH3COONa
I11.Na,SO4

A. landllonly
B. landIllonly
C. Iland Il only
D. I, IlandIll

It was determined that the majority of the participant students an-
swered this question incorrectly prior to their peer discussions (three an-
swered correctly, 18 were incorrect). However, after the discussions, there
was a remarkable improvement noted with 15 of the students choosing the
correct option (D), and the number of students who answered incorrectly
correspondingly decreased from 18 down to six. At this point, it can be seen
from their individual answers prior to the discussion that the students
thought that SO,* ion does not result in a hydrolysis reaction with water
since it comes from a strong acid. In fact, although it is accepted that this ion
does not undergo hydrolysis with water, by making rough assumptions as
seen in many classroom textbooks, students may think sensitively and in
greater detail during peer discussions and come to realize that SO,* ion has a
Kb value and conjugate base of HSO, ion, and therefore may undergo hy-
drolysis with water. This demonstrates how the students’ discussions signifi-
cantly affected their understanding of the subject, and that this interaction
should be considered an important factor in the structuring of student
knowledge (Tullis, 2018). It was observed by the researcher-teacher that the
students appeared to easily ask questions to their peers during these discus-
sions which they would perhaps otherwise have been reticent to ask their
teachers or would not have felt the need to ask. The written answers provid-
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ed by the students to the questions in the Method Opinion Scale also coin-
cided with these observations. In addition, the students received instant feed-
back from their peers or teachers during the discussions. Self-evaluations
made in this way are deemed important since students gain the opportunity
to review any points that they may have previously misunderstood
(Kirschner et al., 2015).

According to Piaget, an individual’s effective learning is possible
with a dynamic balance that should take place between the dimensions of
assimilation and regulation (Fosnot & Perry, 2005). The emergence and sus-
tainability of this balance seems more possible with the creation of learning
environments that increase the individual’s intrinsic motivation and where
they can be actively involved (McKeachie, 2002). The observations made by
the teacher during the practice in the current study show that the learning
environments in which the peer instruction method was applied conformed
to this definition.

Students’ attitudes towards a course are one factor that can affect
their academic success (Schibeci, 1984). It is thought that students who have
a positive attitude towards a course will have higher intrinsic motivation, and
that this may affect their academic success. When the effect of peer instruc-
tion on students’ attitudes towards chemistry was examined in the current
study, it was seen that no statistically significant difference existed between
the pretest and posttest mean scores of the Chemistry Attitude Scale, alt-
hough the posttest mean score was shown to be higher. In addition, when
this finding was evaluated together with the results of the Method Opinion
Scale, an improvement was noted in the students’ attitudes. The findings re-
vealed that all 21 of the participant students stated that the application con-
ducted with peer instruction increased their interest in the lesson, helped to
reinforce their learning, was a source of motivation, helped them see their
own mistakes, kept their interest fresh, and made the lesson more productive.
The observations made by the teacher during the lessons also supported this
noted improvement in the students’ attitudes towards their lessons. It may
therefore be said that a clear relationship exists between positive develop-
ments in student attitude towards their lessons and the peer instruction meth-
od (Zhang et al., 2017). The first two questions of the semi-structured inter-
views also examined the participant students’ opinions towards peer instruc-
tion. When the students’ responses to these questions were examined, it was
seen that they were mostly positive and considered the method to be useful
in their learning. In addition, the teacher observed that some of the students
who were initially hesitant when the application started, increasingly adopted
the method as the course progressed, and more willingly participated in the
lessons.

Discussion has been described as an opportunity for teachers to ob-
serve students’ misconceptions and their communication skills, and to then
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provide appropriate feedback (Arends, 2007). Discussion within the class-
room environment can be used to develop students’ thinking and problem-
solving skills by creating a learning environment in which they can actively
participate together through discussion, which is a known means of effective
communication (Erduran & Jiménez-Aleixandre, 2008). Teaching methods
that help students to enjoy discussion as a learning aid provide learners with
importance opportunities to acquire a culture of discussion. In the current
study, it was observed that the differences between the pretest and posttest
scores of the Argumentativeness Scale were not statistically significant, alt-
hough the mean posttest score was notably higher. In addition, considering
the results obtained from the Method Opinion Scale, the majority of the par-
ticipant students responded that their in-class discussions based on the peer
instruction method were considered to be effective and productive, and
therefore the students happily participated, came to realize their own mis-
takes during discussions with their peers, and had the opportunity to see dif-
ferent perspectives in problem solving. The teacher also observed that the
students participated more willingly in discussions during lessons taught
with peer instruction.

The study also determined that some students, albeit small in number,
stated that the peer instruction method had not helped them in liking the con-
cept of in-class discussion. The teacher observed that some students particu-
larly avoided discussion in the lessons. Upon further examination, the teach-
er established that these same students also did not participate in discussions
within other lessons either, preferring instead to remain silent, maintaining
only limited social interaction with their peers, and were generally unwilling
to talk in the classroom.

Limitations, Implications and Suggestions

The current study applied the peer instruction method over duration of 5
weeks. There are some opinions in the literature that this timeframe would
be insufficient for behavioral changes to be observed in variables such as
attitude since they require deep investigation, and that considerably more
time than 5 weeks would be needed (Fernandez, 2017). For this reason, it
should be considered that more extensive results could be obtained with a
longer-term study in order to observe clear changes in students’ attitudes to-
wards their course of study. It is therefore suggested that future studies in
which changes in students’ attitudes towards chemistry are to be observed
should be conducted with peer instruction applications over an extended pe-
riod of time.

The current study’s application was limited to 21 participant 12th-
grade students at a private high school in Turkey, where the first author was
employed as a teacher. Whilst action research is predominantly conducted
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using small study groups, and considering that the researcher was also a
practitioner, the current study was not aimed at generalizing results applica-
ble to other group sizes or types (Johnson, 2014). Among the suggestions put
forward by the current study is the use of experimental-control group re-
search as an approach that can handle greater participant numbers, where the
effectiveness of the method itself is scientifically measured, and where gen-
eralizable results can be obtained.

The current study is one of the first of its kind in Turkey to apply
peer instruction as a teaching and learning method in high school chemistry
lessons. The study showed that peer instruction was an applicable method,
suitable as a personal teaching style, and that it may be used with other sub-
jects and different teaching methods. This finding is also noted in the litera-
ture, with peer instruction considered a flexible method of teaching (Dancy
et al., 2016). Based on the teacher’s experience in the practical process itself
during the current study, instruction could be given to students on how to
answer reading quiz questions used to measure their level of reading assign-
ment fulfillment. In addition, writing summaries or web-based assignments
could be used in place of reading quizzes. In terms of the peer instruction
method, careful preparation and planning should be undertaken prior to
classroom lessons, and due attention paid to the preparation of lesson plans
and concept questions that cover the whole teaching unit before the applica-
tion takes place. During peer discussion, the teacher should circulate among
the students in order to check that their discussions are being conducted in
accordance with the intended purpose. Through the development of activities
to introduce peer instruction as a method that can be used by teachers, it
should be ensured that they gain the requisite knowledge and skills regarding
the application of this method. As such, similar studies could be conducted
in the future that examine the effectiveness of peer instruction in the teaching
of other chemistry topics.

It may be said that the current study will act as a useful resource for
teachers wanting to learn about peer instruction as a method of teaching and
its application for chemistry subjects in particular. It is considered that peer
instruction is a teaching method that can provide teachers with opportunities
to improve their classroom practices due to its effectiveness in terms of ap-
plicability without any additional cost being incurred or need for additional
physical equipment.
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Abstract: In this study, it was aimed to develop an achievement test
taking into account the subject acquisitions of the sound and prop-
erties unit in the sixth-grade science course. In the test development
phase, firstly, literature review for the study was conducted. Then,
30 multiple choice questions in align with the subject acquisition in
the 2018 science curriculum. This 30-question test was presented to
opinion of three academicians and a science teacher for the validity
of the test. Necessary adjustments were made in line with the opin-
ions of the experts. Subsequently, the draft test, modified according
to the experts’ feedback, was applied to a total of 300 seventh-
grade students. After the analysis, the number of questions in the
test was reduced to 27. As a result of item analysis, mean difficulty
index value of the test was 0.41, and item discrimination indexwas
0.49. The reliability analysis for the developed test was found 0.92
by calculating the KR-20 reliability coefficient value. By consider-
ing, the validity and reliability analysis results, it was concluded
that the final version of the developed test, grounded in Bloom’s
Taxonomy, is a valid and reliable test with different difficulty levels.
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Introduction

the universe and nature go through a process and what their functions

are. From past to present, many researchers have investigated the con-
cepts in students’ minds about various phenomena. Some of them prove that
student concepts and scientific knowledge are inconsistent, while some of
them think otherwise (Celeon & Subramaniam, 2010). It is seen that the con-
cepts in science are not directly associated with events, principles and tangi-
ble concrete objects or experiences time to time. This situation especially
causes primary school children who have not yet passed to the abstract stage
to be unable to construct the concepts in science subjects in a meaningful
way. Therefore, this situation indicates that most of the subject concepts in
science are cognitive and theoretical concepts. Also, when looked at the sub-
ject-concepts in the sound and its properties unit, it is seen that it has an ab-
stract property (Aksoy & Ozcan, 2020). It is also known that most of the sci-
ence subjects are related to daily life. Although the unit of sound and its
properties is a subject from daily life, how sound is formed, the void envi-
ronment, the materialized environment, how sound does not propagate in a
void environment, the speed of sound or microscopic scale explanations re-
main abstract for students. Therefore, there are serious difficulties in struc-
turing the knowledge in this unit. In the study conducted by Demirci and Efe
(2007) students confuse the formation of sound with the propagation of
sound and think that sound propagates in an immaterialized environment.
They think that sound stops as a result of encountering an obstacle. For this
reason, this situation has attracted the attention of many researchers and var-
ious researches have been deemed appropriate by the researchers. Yanar et al.
(2019) developed a test related to the light and sound unit in their study. The
study was applied to 200 students in a secondary school in Kayseri. As a re-
sult of the statistical analysis, one question was removed and a test consist-
ing of 19 items in total was prepared. Consequently, a test that can be used in
scientific studies and teachers’ evaluation processes was prepared. Accord-
ing to the study conducted by Kixik et al., (2021) the opinions of science
teachers as to the teaching of the 6th grade sound and its properties unit were
taken. In this study, a case study, which is one of the qualitative research de-
signs, was used. The opinions of 39 science teachers were taken in total. As
a result of the analysis, although the teachers interpreted the sound topics as
easy to understand and the unit was oversimplified, it was concluded from
the teachers’ statements that the students had difficulty in understanding and
structuring the subject concepts. In the study conducted by Akson et al.
(2023) it was investigated how design-based activities affect the knowledge
and attitude levels of the sound and its properties unit. According to the re-
sults of the study, it was determined that design-based activities positively

SCIENCE is a significant natural science that enable us to inquire how
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affected students’ achievement in the sound and its properties unit. There are
also some studies on misconceptions related to sound and properties unit
(Dingr & Ozcan, 2016; Kistak, 2014; Wild, et al., 2013). Additionally et al.
(2019) conducted research on how sound and its properties are represented.
Studies have also been conducted on how sound is modeled in students’
minds (Yiizbasoglu, 2018).

When some of the studies conducted above are investigated, the most
important issue in learning is to reveal the meaningful learning status. The
main goal is to increase the achievement of students by providing meaning-
ful learning. Therefore, the teacher, who has an important place in the sys-
tem, has a crucial duty and responsibility. The teacher need to observe the
achievement of the student, notice the change in his/her achievement, ana-
lyze the change in order to observe it better, and provide the required condi-
tions for meaningful learning (Ozcan, et al., 2019).

For all these, the measurement and assessment system manage to de-
termine what extent the students have learnt the acquisitions and concepts.
Still, the students’ incorrect and incomplete knowledge is revealed thanks to
measurement and evaluation (Metin, 2013). In addition, teachers, in the
measurement and assessment process, serve with the purposes of providing
feedback to students, increasing students’ motivation, evaluating the effec-
tiveness of programs when necessary, and improving teaching processes
(Sabanc1 & Yazici, 2017). In this respect, it is ensured that students make
healthy decisions about their professional future (Akarsu, 2018). Therefore,
it is important for teachers to know how and in what way to make reliable-
valid assessment for an effective measurement and assessment (Newfields,
2016; Korkmaz & Kaptan, 2005; Sabanci & Yazici, 2017). Nowadays, tests
consisting of multiple-choice items are especially preferred in making deci-
sions in teaching in measurement and assessment (Kartz & Slomka, 1999).
The reasons of this preference are that there is no time and space restriction
during the application of multiple-choice items so that many participants can
be tested in a short time. Moreover, the questions can be asked from cogni-
tive levels from knowledge to analysis level by increasing the number of
items and options. This also increases the content validity, and most signifi-
cantly, scoring can be done easily and in a short time (Oksiz & Given-
Demir, 2019). When national-international studies in the literature are inves-
tigated, it is seen that achievement tests that are suitable for the acquisitions
in various units related to science have been developed (Yalinkilic & Giil,
2023; Kargin & Giil, 2021). After these studies are examined, it is also seen
that tests, suitable for the target acquisitions in the sound and its properties
unit, were developed (Aksoy & Ozcan, 2020).0n the examination of the lit-
erature, it is seen that the sound and its properties unit was given together
with the light unit in the science subjects of the sixth grade in the past cur-
ricula (Yanar, et al., 2019). The reason of this is that the studies which were
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carried out before the 2018 science curriculum. In the 2013 science curricu-
lum, for the sixth grade, light and sound subjects were included in the same
unit and there are three learning acquisition for the subject of sound. Howev-
er, in the 2018 curriculum, just one unit is allocated to the subject of sound
and it is stated that nine target learning acquisitions need to be comprehend-
ed under four subtopics. Therefore, when the studies conducted before 2018
are examined, it is seen that since the unit of sound and its properties is with-
in the scope of the unit of light and sound according to the 2013 program, the
tests developed were prepared in accordance with the outcomes of these two
subjects (Yazicioglu, 2017; Aydin & Komiirkaraoglu, 2016; Sener-Coruhlu,
et al., 2016; Bakircy, et al., 2015; Evrekli, et al., 2012). One of the studies on
sound and its properties based on the science curriculum after 2018 was de-
veloped by Aksoy et al. (2023).

Purpose of the Research

On account of limited number of achievement tests related to the unit of
sound and its properties after the 2018 science curriculum was published, it
was aimed to prepare a valid reliable achievement test for the sixth grade.
Thus, it is aimed to objectively measure the acquisitions-concepts in the unit
of sound and its properties. For this purpose, answers to the following ques-
tions were sought.

Is the achievement test (SPAT), developed for determining the sixth
grade students’ achievement levels, valid? Is the achievement test (SPAT),
developed for determining the sixth grade students’ achievement levels, reli-
able?

Methodology

Procedures

In this study, an achievement test was prepared to determine the level of ac-
ademic achievement of sixth grade secondary school students within the
scope of sound and its properties unit. The validity and reliability of the
study were tested and analyses were performed. In line with the acquisitions
of the 2018 science curriculum (Ministry of National Education [MoNE],
2018), the test items were created inspired by the question banks (test books)
of various publications. The relevant questions banks were prepared within
the framework of sample questions developed by the Ministry of National
Education [MoNE]. At first, expert opinion was taken for the questions de-
termined for the test, and then a pilot study was conducted with 300 students.
After that, validity-reliability and item analyses of the test were conducted.
Ethical approval for this research was obtained from Harran University Eth-
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2) Reviewing the

literature and creating the gliSEinzioninienset

1) Determining the

purpose of the test item pool experts
4) Preparing the draft 5) Item analysis and 6) ) Forming the final
form of the test and pilot control, reliability Version ofgthe ot
application analysis

Figure 1. Development Stages of SPAT.

ics Commission dated 16.06.2023 and numbered 2023/88. Kizkapan and
Bektas (2018) argue that the processes to be followed in the development
process of a test should be as given in Figure 1. SPAT was also developed
by following this process.

Research Model

This study was conducted with the survey method based on the quantitative
research paradigm. According to McMillan and Schumacher (2010) survey
method is considered appropriate for obtaining information about individuals’
attitudes, demographic characteristics, ideas, behaviors, beliefs, values, hab-
its, etc. Therefore, in this study, the survey method was used to develop an
academic test that determines students’ achievement levels.

Participants
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While determining the participants of the study, the convenience sampling
method, which is a type of the purposive sampling method, was selected.
The convenience sampling method should be selected in accordance with the
research (Kadioglu, 2019). Some of the most important purposes of choosing
the convenience sampling method are that it facilitates researchers in terms
of time, labour, cost and application (Fraenkel, et al., 2012). The participants
of this research is a total of 300 students studying in a public school in
Haliliye district of Sanliurfa province, which is in the South East Anatolia
Region, during the 2023-2024 academic year. However, a total of 270 stu-
dents were taken into consideration for item analysis.

Research Instruments

The Development of the Achievement Test

In the study, SPAT was developed in order to determine the level of students’
academic achievement on the subject of sound and its properties. Sound and
its properties unit consists of four subtopics as sound propagation, different
hearing of sound in different environments, speed of sound and finally inter-
action of sound with matter. During the preparation phase of the SPAT, the
test items were developed and selected by considering the questions inspired
by the test books which were developed by taking into account the sample
unit acquisition and comprehension questions that published by MoNE. Im-
mediately after the questions were determined, it was asked to a science
teacher working in MoNE and three experts in the field of science to prepare
the table of specification. In this way, their opinions were taken in terms of
content validity. It was also considered that the experts in the field of science
had more than one year of professional experience and had studies in the
field of science education. While the opinions of the experts were taken for
the SPAT, the question related to the acquisition was asked and they were
asked to indicate whether this acquisition represented the question or not. In
addition to this, their opinions on the cognitive level of the question and
grammar of the question were also taken.

Within the light of the feedback from the experts and teacher, the
questions that did not match the acquisitions in the sixth grade sound and its
properties unit were regulated. In addition, grammatical structure and the
cognitive levels of the questions were asked to the experts and the required
optimizations were made by considering the suggestions of the experts. The
question 12, which was regulated as an example by taking into account the
opinions of the experts regarding the acquisitions, the cognitive level and
grammatical structure of the determined questions, is given in Table 1.

According to the experts’ opinions, as the root of the question 12,
which is an example of the adjusted questions as given in Table 1, has a
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Table 1. An Example of Questions Adjusted in Line with Expert Opinion.

Initial form of the question

Final form of the question

Experiment Environments Environments Experiment Environments Environments
where sound where sound where sound where sound
propagates does not prop- propagates does not prop-

agates agates

1 Outer space Air Outer space Air

2 Bottle filled Vacuum-sealed Bottle filled Vacuum-sealed
with water glass bowl with water glass bowl

3 Wall Outer space 3 Wall Outer space

4 Vacuum- Wall 4 Vacuum- Wall
sealed glass sealed glass
bowl bowl

According to the table, the environments in which
some sound propagates and does not propagate are
given. Accordingly, in which of the numbers are the
environments mismatched?

According to the table, some environments in which
sound propagates and does not propagate are given.
Accordingly, in which of the numbers are the envi-
ronments mismatched?

A) land4 A) land4
B) Only-3 B) Only-3
C) land2 C) land2
D) Only-4 D) Only-4

Table 2. Acquisitions and Related Questions in the Sound and Its Properties

Unit of the 2018 Science Curriculum.

Q((:)qwsmon Acquisition Question #
1 S.6.5.1.1. Students will be able to predict the environment in which 9,10, 12, 13, Re-
sound can propagate and test their predictions. moved-25*, 26
2 S.6.5.2.1. Students will be able to discover by experimenting that 28
sounds are heard differently when the sound source changes. ’
S.6.5.2.2. Students will be able to discover by experimenting that
3 soqnd _is heard differently with the change of the environment in 21, Removed-27*
which it propagates.
The concept of frequency will not be mentioned.
4 S'.6.5.3.1. Stydents will be able to compare the speed of sound in 1631;1 gzléeﬁoiesd
different environments.
24*, 29
5 S.6.5.4.'1. Students will be able to give examples of reflection and 6,18, 28, 30
absorption of sound
6 S.6.5.4.2. Students will be able to make predictions to prevent the 23
spread of sound and tests their predictions
S.6.5.4.3. Students will be able to explain the importance of sound
7 insulation. 20
Technological and architectural applications developed for sound
insulation will be mentioned.
S.6.5.4.4. Students will be able to give examples of acoustic appli-
cations.
8 Applications in modern and cultural architecture will be empha- 7
sized. For example, the acoustics architecture of the Sileymaniye
Mosque will be referred.
9 S.6.5.4.5. Students will be able to design an environment that will 19

serve as an example of sound insulation or acoustic applications
*Represents the items removed from the test as a result of the analysis carried out on the process of the test
development.
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grammatical error in expression, the necessary corrections were made and
the question was given its final form. In line with the opinions of experts,
warnings regarding other questions were taken into consideration and neces-
sary evaluations were made in forming the final version of the test.

Table 2 shows the acquisitions and related questions in the sound
and its properties unit of the 2018 science curriculum. The questions 24, 25
and 27 were marked with “R” (removed). These questions were removed
from the test because the values of these questions were calculated insuffi-
cient in the item analysis.

As proved in Table 2, all of the items in the item pool that was creat-
ed during the test phase have been optimized into a level that can be applied
to students, by ensuring the face validity of the test. According to the revised
Bloom taxonomy stated by Andersen et al. (2001), the question 24 of the test
is at the factual knowledge-remember level. The questions of 1-6-7-8-9-10-
22-25-26-28-30 are at the conceptual knowledge understood level. The ques-
tions of 3-4-5-11-14-16-18-20-21-27-29 are at the conceptual knowledge-
apply level. The questions of 2-12-15-17-19-23 are at the conceptual
knowledge- analyze level and the question 13 is in the conceptual knowledge
evaluate level. The developed test was conducted with the total of 300 sev-
enth grade students. For the pilot application, the test was carried out in 40-
minute period during a lesson. Before, carrying out the pilot application, stu-
dents were informed that it was not intended to give any grades and that data
was only collected for a research. As a result of the pilot application, the data
gathered from 270 students were included in the analysis. Then, all neces-
sary analysis for validity, reliability and item analyzes were carried out. Ta-
ble 3 shows the acquisitions in the unit of sound and its properties in the sci-
ence curriculum and the cognitive level of the questions including these ac-
quisitions.

When Table 3 is examined in detail, in the developed for the first
learning acquisition within the scope of the sound and its properties unit,
there are questions 9, (R) 25, 26, which are at the level of conceptual
knowledge for acquisition and at the level of understand for the question; the
question 10 is at the level of conceptual knowledge- apply; the question 12 is
at the level of conceptual knowledge- analyze; the question 13 is at the level
of conceptual knowledge and evaluate. For the second acquisition, the ques-
tion 8 is at the level of conceptual knowledge- understand and question 2 at
the level of conceptual knowledge-analyze. Considering the third acquisition,
the questions 21 and (R) 27 are at the conceptual knowledge- apply level.
For the fourth acquisition, while the question (R) 24 is at factual knowledge-
remember level; question 1 is at conceptual knowledge-remember level; the
question 22 is at the conceptual knowledge- understand level; the questions 3,
4, 5, 11, 14, 16, 29 are in the conceptual knowledge- apply level and the
question 15 is at the conceptual knowledge-analyze level. For the fifth acqui-
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Table 3. Table of Indicators According to the Renewed Bloom Taxonomy.

Cognitive Process Dimension Remembering Understanding Apply Analyze Evaluate Create

FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK FK CK PK MK
S.6.5.1.1. Students will be able to predict 9,
the environment in which sound can prop- - - - - - 25, - - - 10 - - - 12 - - - 13 - - - - - -
agate and test their predictions. 26

S.6.5.2.1. Students will be able to discover
by experimenting that sounds are heard

differently when the sound source chang- ) ) ) ) ) 8 ) ) ) ) ) ) ) 2 ) ) ) ) ) ) ) ) ) )
es.
S.6.5.2.2. Students will be able to discover
by experimenting that sound is heard 21,
differently with the change of the environ- ) ) ) ) ) ) ) ) ) 27 ) ) ) ) ) ) ) ) ) ) ) ) )
ment in which it propagates.

3,

4,
S.6.5.3.1. Students will be able to compare 5,
the speed of sound in different environ- 24 1 - - - 22 - - - 11, - - - 15 - - - - - - - - - -
ments. 14,

16,

29
S.6.5.4.1. Students will be able to give 6
examples of reflection and absorption of - - - - - 81 - - - 18 - - - 23 - - - - - - - - - -
sound
S.6.5.4.2. Students will be able to make
predictions to prevent the spread of sound - - - - - 30 - - - - - - - - - - - - - - - - - -
and tests their predictions
S.6.5.4.3. Students will be able to explain
the importance of sound insulation. - - - - - - - - - 20 - - - - - - - - - - - - - -
S.6.5.4.4. Students will be able to give R R R R B 7 B B B R R R R B B B B R R B R R B R
examples of acoustic applications
S.6.5.4.5. Students will be able to design
an environment that will serve as an ex- R R B R B B B B B R R R R 19 B B B R R R R R R R

ample of sound insulation or acoustic
applications

FK: Factual Knowledge, CK: Conceptual Knowledge, TK: Transactional Knowledge, MK: Metacognitive Knowledge.
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sition, the questions 6 and 28 are at conceptual knowledge- understand level;
the question 18 is at the conceptual knowledge-apply level, and the question
23 is at the conceptual knowledge analyze level. For the sixth acquisition,
there is just the question 30 at the conceptual knowledge- understand level.
For the seventh acquisition, there is question 20 in the conceptual
knowledge- apply level. For the eighth acquisition, there is question 7 in the
conceptual knowledge-understand level and for the ninth acquisition, there is
question 19 in the conceptual knowledge-analyze level.

Results

In this study, the difficulty index (Pj) and item discrimination index (rjx)
values of each item were calculated to ensure the validity of the test (Table
4). In the literature, the discrimination index takes value between -1 and +1.
When this value approaches zero, it means that there is a problem in distin-
guishing the upper and lower groups of the item. The value closes to +1
means that the discrimination is high. On the other hand, when the item dis-
crimination index takes the value (-), it is interpreted that the lower group is
more than the upper group in the number of respondents and this situation
does not serve the desired purpose (Kubiszyn & Borich, 2003). The item dif-
ficulty index shows the correct answer rate for each item in the test and takes
values between 0 and 1. As a result of the analysis, if the value is close to 0,
the item is quite difficult, and if it is close to 1, the item is interpreted as
quite easy (ilhan & Hosgoren, 2017).

According to Calik and Ayas (2003) items with item difficulty index
(Pj) < 0.29 are very difficult, items with 0.30-0.49 are moderately difficult,
items with 0.50-0.69 are easy, and items with 0.70-1.00 are very easy. Be-
sides, items with item discrimination index (tjx) > 0.40 are very good and do
not need to be edited, items with a rjx of 0.30-0.40 indicate that the item is
very good and does not need to be edited, items with a rjx of 0.20-0.30 indi-
cate that the item can be used when necessary or advised to be changed,
items with a 1jx of < 0.20 indicate that the item can be edited or advised to be
used, and finally, items with a rjx of zero or negative values indicate that the
item is not recommended to be included in the test. With regard to criteria
that mentioned above, the items with a discrimination index below 0.30 (24,
25, 27) were removed from the test in this study. Moreover, when the diffi-
culty index was analyzed, the values below 0.29 for the items (24, 25 and 27)
were excluded from the test because of being in the “very difficult” group.
The remaining 27 items were included in the test as they were in good, me-
dium, very good values in terms of discrimination and difficulty

As a result of the item analysis, it is seen that this 27-item test covers
all the acquisitions related to the subject in the science curriculum. The mean
difficulty index of the overall SPAT was calculated as 0.41 and the mean
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Table 4. Item Difficulty and Item Discrimination Index Values in the Develop-

ment Process of the SPAT.

Q G A B C D Empty Full (Pj) (rjx)
Upper 2 10 5 55* 0 30 0,47 0,56

! Lower 5 30 23 14 0 30

) Upper 2 2 48* 20 0 30 0,42 0,48
Lower 7 17 13 35 0 30
Upper 44* 10 13 5 0 30 0,36 0,48

3 Lower 9 21 26 16 0 30
Upper 2 5 18 47* 0 30 0,39 0,51

4 Lower 6 22 34 10 0 30

5 Upper 4 10 12 46* 0 30 0,38 0,5
Lower 19 16 27 10 0 30

6 Upper 4 6 12 50* 0 30 0,41 0,55
Lower 15 25 22 10 0 30
Upper 5 48* 7 12 0 30 0,4 0,51

! Lower 24 11 33 4 0 30
Upper 18 5 2 47* 0 30 0,4 0,5

8 Lower 23 24 14 11 0 30
Upper 1 2 4 47* 0 30 0,4 0,5

9 Lower 30 10 21 11 0 30

10 Upper 4 49* 12 7 0 30 0,42 0,51
Lower 17 12 22 21 0 30

" Upper 6 8 8 50* 0 30 0,45 0,47
Lower 21 19 16 16 0 30

1 Upper 44* 7 14 7 0 30 0,37 0,47
Lower 10 23 16 23 0 30

13 Upper 6 7 8 51* 0 30 0,45 0,5
Lower 14 22 24 15 0 30

14 Upper 6 53* 7 6 0 30 0,49 0,48
Lower 6 18 21 27 0 30

15 Upper 6 42* 16 8 0 30 0,35 0,45
Lower 19 9 28 16 0 30

16 Upper 6 41* 17 8 0 30 0,34 0,45
Lower 18 8 25 21 0 30

17 Upper 0 2 17 53* 0 30 0,48 0,5
Lower 14 19 22 17 0 30

18 Upper 49* 12 6 5 0 30 0,43 0,5
Lower 13 25 17 17 0 30
Upper 0 8 20 44* 0 30 0,37 0,47

19 Lower 18 18 26 10 0 30

20 Upper 5 7 13 47* 0 30 0,4 0,5
Lower 17 19 25 11 0 30

” Upper 13 6 4 49* 0 30 0,42 0,5
Lower 29 18 13 12 0 30
Upper 11 45* 9 7 0 30 0,38 0,47

22 Lower 26 11 28 7 0 30
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Upper 2 49* 16 5 0 30 0,42 0,51
23 Lower 26 12 25 9 0 30
Upper 41 12 9 10* 0 30 0,23 0,04
2 Lower 38 22 5 7 0 30
o5 Upper 15 13+ 32 12 0 30 0,27 0,08
Lower 19 7 25* 21 0 30
26 Upper 54* 8 7 3 0 30 0,47 0,54
Lower 15 20 18 19 0 30
7 Upper 24 26 12* 10 0 30 0,26 0,06
Lower 23 17 7 25 0 30
Upper 15 44* 7 6 0 30 0,38 0,45
28 Lower 23 11 18 20 0 30
29 Upper 51* 13 6 2 0 30 0,47 0,47
Lower 17 26 17 12 0 30
20 Upper 12 0 54* 6 0 30 0,48 0,52
Lower 21 19 16 16 0 30

* Refers to the correct answer of the item, (Pj) item difficulty index, (rjx) item discrimination index According to
the analysis items written in bold (24. 25. ve 27) were removed from the test.

discrimination index value was calculated as 0.49. For the reliability analysis
of the final version of the test, a total of 300 students were implemented,
however the data of 270 students were included in the analysis. As a result of
the analysis to calculate the difficulty index and discrimination index of the
items, the items of 24, 25 and 27 were not at a sufficient value and were re-
moved from the test. As a consequence of this application, the KR-20 relia-
bility coefficient was found to be 0.92. According to Can (2014) since the
KR-20 value in this test is greater than 0.60, it means that it is quite reliable
in determining students’ achievement levels.

Discussion

Wherefore the limited number of achievement tests related to the sound and
its properties unit after the publication of the 2018 curriculum, it was aimed
to develop a valid and reliable achievement test that measures the acquisi-
tions-concepts in the sound and its properties unit in sixth grades. The final
version of the developed test consists of 27 questions in total by passing
through preparation phases. According to Andersen et al. (2001) the question
24 in this test is in the factual knowledge-remember level; the questions 1-6-
7-8-9-10-22-25-26-28-30 are in the conceptual knowledge understand level;
the questions 3-4-5-11-14-16-18-20-21-27-29 are in the conceptual
knowledge apply level; the questions 2-12-15-17-19-23 are in the conceptual
knowledge- analyze level; the question 13 is in the conceptual knowledge-
evaluate level.
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Most of the questions in this developed test are at the conceptual
knowledge level. As the questions include target behaviors such as interpret-
ing information, drawing conclusions, determining causes and relationships,
reordering in line with existing knowledge, comparing, finding similarities,
comparing results, rearranging and calculating, they are of the conceptual
knowledge-understand level (e.g., the questions 3-4-5- 11-14-16-18-20-21-
27-29). Moreover, target behaviors such as directly remembering the
knowledge, defining, selecting, sorting, naming, listing indicate that the
question is in the factual knowledge-remember level (e.g., the questions of 1-
6-7-8-9-10-22-25-26-28-30). Target behaviors such as asking for a cause-
effect relationship, sorting by examining, establishing relationships, dividing
knowledge, making inferences, and distinguishing indicate that it is in the
conceptual knowledge-analyze level (e.g. questions 2-12-15-17-19-23).

The question 13, which is in the conceptual knowledge evaluate level,
includes target behaviors such as combining data according to a certain rela-
tionship, creating and combining various possibilities, and determining
knowledge (Cangiven, et al., 2017). As a result of the item analysis carried
out in the development process of the achievement test, the difficulty index
and discrimination index of each item in the test were calculated. While the
difficulty index of the items varied between 0.34 and 0.49, the mean item
difficulty value of the test was calculated as 0.41. When the item difficulty
index approaches 1, it means that the test is weak, and when it approaches 0,
it means that the test is more powerful (Turgut & Baykul, 2012).

The mean difficulty index of a test is expected to be around 0.50
(Gdnleksiz & Erkan, 2010). Accordingly, it can be stated that the test in this
study is close to mean difficulty. In addition, as a result of the analysis, the
discrimination index of each item in the test was calculated and although
these values were between 0.45-0.56, the mean item discrimination of the
test was found to be 0.49. The discrimination index takes values between +1
and -1. This value is used to show whether it distinguishes between students
with higher levels of achievement in the test and students with lower levels
of achievements. A value approaching +1 indicates a higher level of discrim-
ination, while a value approaching 0 indicates a lower level of discrimination
(Bayrakgeken, 2012).

Accordingly, looking at questions 24, 25 and 27, question 24, which
had an item difficulty index of 0.23 and a discrimination index of 0.04, was
removed from the test because it was both difficult and indiscriminate as a
result of the item analysis. Similarly, question 25 was removed from the test
because its item difficulty index was 0.27 and its item discrimination index
was 0.08. Finally, question 27, which was a difficult item with a difficulty
index of 0.26 and an item discrimination index of 0.06, was removed from
the test. As a result, we can say that this test shows that it distinguishes stu-
dents with high achievement level from students with low achievement level.
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The KR20 reliability coefficient value of the developed PSCT was found to
be 0.927. According to Altunisik et al. (2007) this value shows that the test
has a reliable structure.

With refer to this, when looked at the questions 24, 25 and 27, the
question 24 which had an item difficulty index of 0.23 and a discrimination
index of 0.04, was removed from the test because it was both difficult and
indiscriminate as a result of the item analysis. Similarly, the question 25 was
removed from the test because its item difficulty index was 0.27 and its item
discrimination index was 0.08. Finally, the question 27, which was a difficult
item with a difficulty index of 0.26 and an item discrimination index of 0.06,
was removed from the test. As a result, it can be stated that this test distin-
guishes students with higher achievement level from students with lower
achievement level. The KR20 reliability coefficient value of the developed
SPAT was found to be 0.927. According to Altunisik et al. (2007) this value
shows that the test has a reliable structure.

The test developed in this study was finalized using statistical anal-
yses such as reliability analysis and item analysis. When the literature is re-
viewed, it is mentioned that information about the construct validity of the
test should be obtained through tetrachoric factor analysis, which is recom-
mended to be used in recently developed tests (Nacaroglu, et al., 2020;
Kegcli, et al., 2019). As it is known, in the scoring of an achievement test,
those who answer incorrectly are coded as 0 (zero) and those who answer
correctly are coded as 1 (one). Therefore, typical factor analyses are per-
formed with the SPSS program for statistical analysis in the coding from 1 to
5, which is frequently preferred in surveys. However, unlike the SPSS pro-
gram, the construct validity of a test can be determined with the help of pro-
grams such as Mplus and FACTOR for scores coded as 0-1. 1,0 is used to
determine the degree of relationship between two artificial and discontinuous
variables with two categories (DokumaciSiit¢ii & Oral, 2019).

Conclusion and Suggestions

® In this study, tetrachoric factor analysis was not preferred because it was
not in the researcher’s area of expertise. For this reason, it is recom-
mended that a tetrachoric factor analysis be conducted to examine the
construct validity in future test development studies on this subject.

® In this study, although the required number of participants in the litera-
ture was reached with the convenience sampling method, it is recom-
mended that studies with as large a sample size as possible be conducted
in order to increase the reliability of the test and make more precise
measurements.
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For the generalizability of the results, schools with different achieve-
ment levels should be selected and a parallel test should be developed to
address large masses.

For future research, open-ended questions that will develop higher level
skills recommended to be asked in the tests to be developed for the same
subject. Since multiple-choice questions were selected in this study,
Bloom’s Taxonomy is not sufficient to reveal higher level skills. There-
fore, it is recommended to develop new tests that can measure both
questions balanced with learning acquisitions and various skills.

It is recommended to be conducted more than one pilot application of
this test to determine the difficulty of the test in determining students’
achievement in the subject of sound and its properties.

It is also recommended to prepare questions with stronger distracters to
determine students’ misconceptions about this subject in future studies
to be carried out in the development of the SPAT.

As a result, it is suggested that this test can be applied as a readiness test
for higher level students, as an end-of-unit assessment and as a test for
reinforcement of unit topics. In addition, as a result of the statistical
analysis for each item in the test, it is also recommended to develop new
tests that will determine the level of students’ misconceptions and con-

ceptual understanding by looking at the strong distracters.
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APPENDIX I.

Development of an Achievement Test for
the 6" Grade Sound and its Properties
Unit

Biisra Kiling, Mehmet Diyaddin Yasar
Harran University, Sanlurfa, Turkey

Ortaokul Altinci Sinif Ses ve Ozellikleri Basar Testi
Seuvgili 6grenciler;

Bu testin amaci, sizin fen bilimleri dersi ses ve 6zellikleri Unitesindeki konu-kazanimlar ile
ilgili akademik basarilarinizin ne diizeyde oldugunu tespit etmektir. Cevaplariniz Fen
Bilimleri dersi notlarinizi etkilemeyecek olup, bilimsel amagli olarak kullanilacaktir. Bu
calismaya katildiginiz igin ayrica tesekkur ederim.

Adi:
Soyadi:
Sinif:
1. Busra, calar saati galistirip cam bir fanusun icine koymustur. Daha sonra
fanusun iginde havayi (hava bosaltma tulumbasi) yardimiyla tamamen
bosalmistir. Sonrasinda ¢alar saatten gikan sesi tekrar dinlemek istemisgtir.

(Havasi bosaltiimig cam fanus) (iginde hava olan cam fanus)
Ik durum Son durum

Bisra ilk durumda sesi duymazken son durumda calar saatten gikan sesi duyabilmistir.
Buna gore bu durumu asagidakilerden hangisi agiklar?

A) Cam fanus sesi iletmez.

B) Ses fanusta yansimistir.

C) Calar saatin sesi yeterince yiksek degildir.

D) Maddesel olmayan ortamda ses yayllmaz.

2. Bir 6grenci eline aldigi demir kasig1, 6nce tahta masaya sonra sandalyenin
metal ayagina sonrasinda cam siseye yavasca vuruyor. Her seferinde ayni
siddetle vurmasina ragmen farkli sesler isitiyor. Buna gére bu durumun
nedeni agagidakilerden hangisinde dogru verilmistir?

A) Sesin maddesel olan ortamda yayilmasi

B) Gaz maddelerin sesi katilardan daha iyi iletmesi
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C) Farkh maddelerden uretilen seslerin farkli duyulmasi
D) Sesin suratinin degismesi

Sesin surati (m/s)

2. Sicaklik(°C)

3. Hava 20 344
4.  Demir 20 5130
5. Su 20 1440

Yukaridaki tabloda ayni sicakliktaki farkli maddelere ait sesin suratleri karsilagtiriimigtir.

Buna gore; asagidakilerden hangisi séylenemez?
A) Sesin sirati en iyi gaz maddelerdedir.
B) Sesin surati en iyi kati maddelerdedir.
C) Sesin sudaki surati havadakinden fazladir.
D) Sesin kati ortamindaki sirati sivi ortamindan fazladir.

X Y z

maddeler

sesin surati

O R N W B~ U

Yukarida esit sicakliklardaki x, y, z maddelerinde sesin yayilma siiratleri veriimektedir.
Buna gore maddenin yogunluklan arasindaki iliski nasildir?

A) X>Y>Z
B) X>Z>Y
C) Z>X>Y
D) Y>X>Z

5. Fen bilimleri 6gretmeni olan Omiir, sesin bir enerji oldugunu gésteren giinliik
hayattaki olaylarla ilgili dgrencilerden bir poster hazirlamalarini istiyor. Buna
gore;

. Algaktan ugan bir ugagin bir okulun camlarini titretmesi

Il.  Ses bombasinin patlamasi sirasinda camlarin kirilmasi

IIl.  Ameliyatta bobrek taslarinin ses dalgalari ile kiriimasi

Ogrenciler verilen bu 6rneklerden hangilerini posterlerinde kullanabilirler?

A) lvell
B) Yalnizll
C) llvell

D) Lillvell
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-Basketbol salonlarinin parke zemin ile kapl olmasi
ve yanki olmasi

-Bir kaloriferin sicak su borusunun c¢atlak olup
olmadiginin tespit edilmesi

Yukarida verilen bu iki olayla ilgili sesin hangi 6zelligi anlatilmak istenmistir?

Sesin sirati

Sesin sogurulmasi

Sesin bir enerji turd oldugu
Sesin yansimasi

“Akustik, sesin 6zelliklerini farkli ortamlardaki yayilimini, bulunduklar ortamla
etkilesimini inceler. Bilim insanlari, fizik mihendisleri, ingsaat miihendisleri
binalar tasarlamadan 6nce akustik ile ilgili arastirmalarda bulunur.” Akustikle
ilgili yukarida verilen bilgiye gore asagida verilen mekanlardan hangisinde
akustik biliminden yararlanilir?

Otopark

Sinema Salonu

Aligveris merkezi

Hastane

Fen bilimleri 6gretmeni Esra, 6grencisi Eda’ya ses ile ilgili bildiklerini sdylemesini
istiyor. Buna gore Eda hangisini yanlis sdylemistir?

Sesin yayildigi ortam degisirse sesi farkl isitiriz

Ses boslukta yayiimaz.

Ses en iyi kat maddelerde yayilir.

Farkli ses kaynaklarindan ayni ses duyulur.

Sanlurfa Ortaokulunda okuyan bir grup 6grenci teneffis vaktinde top oynarken
bir miiddet sonra ders zilinin galdigini duyarlar. Bir énceki ders ses ve 6zellikleri
Unitesinde ses ile ilgili bilgileri 6grenen Zeliha arkadaslarina bir soru yoneltir.
“Sizce biz ders zilini nasil duyabiliyoruz?”

Tuncay: Hoparlérden gikan ses dogrusal olarak yayildidi i¢in duyabiliyoruz.

Sidika: Bence ses havada (gaz maddelerde) yayildigi igin duyabiliyoruz.

ilya: Sesin dalgalar halinde titresim hareketi yaparak yayilmasi ve maddesel ortam olan
hava ortaminda yayiimasiyla duyariz.

Zeliha’nin yonelttigi soruya hangisi veya hangileri dogru cevaplamigtir?
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A) Yalniz Sidika
B) Sidika ve ilya
C) Tuncay ve llya
D) Yalnizilya

10. Sessizlik gerektiren bir ortamda (kutliphanede) olan Berat, sokaktaki is
makinelerin olusturdugu sesin kulagina ulagincaya kadar sirasiyla iletildigi
ortamlar hangisinde dogru verilmistir?

A) Kati-Gaz-Siva
B) Gaz-Kat-Gaz
C) Kati-Kati-Gaz
D) Gaz-Gaz-Kati

11.
10

5 I
, m B
L M

K

SESIN SURATI

ORTAMLAR

Yukaridaki grafikte sesin ortamlara gore siirat karsilagtirmasi verilmistir. Buna gore
bu ortamlardan hangisi maddesel olmayan (bosluk) ortam olabilir?

A) K
B) L
C) M
D) N
Deney Sesin yayildigi ortamlar Sesin yayilmadigi ortamlar
1 Uzay boslugu Hava
2 ici su dolu sise Havasi alinmis cam fanus
8 Duvar Uzay boslugu
4 Havasi alinmig cam fanus Duvar
12.

Yukaridaki tabloya bakildiginda sesin yayildigi ve yayilmadigi bazi ortamlar
verilmigtir. Buna gore numaralardan hangisi veya hangilerinde ortamlar yanlhs
eslestirilmistir?

A) lve4d
B) Yalniz-3
C) 1ve?2
D) Yalniz-4
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% ®

Bass Gitar Klasik Gitar Elektro Gitar Akustik Gitar

13.

Ses kaynaklari degistikge duyulan sesin farklilagsmasi enstrimanin titresen kisminin
buyikligiine, yapildigi maddenin cinsine, uzunluguna, kalinhgina, gerginligine vb.
degiskenlere baghdir.
Yukaridaki bilgiye gore ses ile ilgili agsagidaki yorumlardan hangisi yapilamaz?
A) Enstrimanlardaki titresen kismin blyuklugu sesin farkli duyulmasina neden
olur.
B) Farkli sesler farkli kaynaklardan ¢ikar.

C) Farkh cinsteki maddeler farkh sesler cikartir.
D) Farkli enstrimanlar havasi alinmis bir ortamda farkli duyulur.

14,
; y

. ‘

. | . .

e« 0o

“

; ~ ® o ¥

I | I

Ayni ortamlarda (sicaklikta) olan maddelerde sesin siirat karsilastirmasi nasil olur?

A ll>1>11
B) I>11>ll
C) I>1>1
D) H>l>lI

15. Asagida sesin bazi ortamlardaki surati ile ilgili bir grafik verilmistir. Grafik
incelendiginde,

_ 6
=
o
S5 4
(%]
©
s -
s
[
>0
c
B K L
&
Ortam
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. Ortam sicakliklari esitken K ortamini olugturan tanecikler arasindaki mesafe, L
ortamindan azdir.

II.  Ortamin sicakliklari esitken K ortaminin yogunlugu, L ortamindan daha
yogundur.

Ill.  Ortam sicakliklari esitken K ortamindaki titresim hareketi, L ortamindan fazladir.

Yukaridaki ¢ikarimlardan hangileri yapilabilir?

A) Yalnizl
B) lvell
C) llvelll
D) I, 1lvell

16. Verilen gorselde Ozge, karsi komsulari olan Ayse’ye sabah ve 6gle vaktinde
oyun oynamak igin ayni sekilde seslenmektedir.

(nl
- 1
———— T, —
Vakit Sesin ulagma siiresi
Sabah 1,8s
Ogle 14s

Ozge’nin sesinin Ayse’ye ulagma siireleri tablodaki gibi olduguna gore asagidaki
yorumlardan hangisi yapilamaz?
A)  Ozge'nin sesi 6gle vakti sabah vaktine gére Ayse’ye daha énce ulasmistir.
B) Ses sabah vakti daha siratlidir.
C) Hava 6gle vaktinde daha sicak olabilir.
D) Havanin 6gle vaktinde yogunlugu daha fazla olabilir.

17. Serpil, gece vakti odasinin penceresinden disariy1 seyrederken simsek caktiktan
bir stire sonra g6k gurdltistund duyabilmistir.

Bu olayin nedeni agagidakilerden hangisi olabilir?
A) Isik boslukta yayilir.
B) Sesin yayilma surati isiktan fazladir.
C) Ses boslukta yayllmaz.
D) Isidin yayilma surati sesten fazladir.

vi
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18. Nuriye okuldaki koro gosterisi igin eline aldigi mikrofonla seslendirecegi sarkiyi
O6nce banyoda daha sonra bog bir odada sonrasinda da egyal bir odada
sOylemistir. Sarki sdylerken her li¢ ortamda da sesini ses kayit cihazina
kaydetmistir. Buna gore Nuriye’nin sarki séylerken ki sesinin bu li¢ ortamda
yayilmasi arasindaki iligki nasil olabilir?

Banyo Bog Oda Esyal Oda
(1 (I i
A) 1>l
B) I>lI>ll
C) ==l
D) 1>I>ll

19.
\‘ e ﬁ\: -
o <1<~,(~

Pamuk Sunger Strafor

Yukarida ses yalitimini 6nlemek igin kullanilan bazi malzemeler verilmistir. Ses yalitimini
onlemek i¢in kullanilan bu malzemelerin en 6nemli sebebi ne olabilir?

A)  Uzun 6mirli olmasi

B) Sesi cok iyi iletmeleri

C) Sesiiyi soguramamalari

D) Yumusak ve gézenekli olmalari

20. Akustik, seslerin 6zelliklerini inceleyen bir bilim dalidir.
- Guriltinun azaltiimasi
- Sesin dengeli dagilimi
- Sesin kulaga hos gelecek (estetik) sekilde yayilmasi
- Ses yalitimi
Gibi konulara akustik diizenlemeler ile ¢6zim bulunmaktadir. Asagida verilen
orneklerden hangisi akustik diizenleme gerektirmez?
A) Cami
B) Konferans salonu
C) Sinema salonu
D) Banyo

vii
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21. Mustafa elindeki ses kayit cihaziyla sokakta ve evde sarki séyleyip daha sonra
dinlemek igin kaydediyor. Buna gére Mustafa’nin sesleri kaydetmesinin amaci
asagidakilerden hangisi ile agiklanir?

A) Sesin sogurulmadigini ispatlamak

B) Sesin boslukta yayilmadigini ispatlamak

C) Ayni ortamlardaki farkli kaynaklardan farkl ses giktigini ispatlamak

D) Ayni ses kaynagindan gikan sesin farkli ortamlarda farkhi duyuldugunu
ispatlamak

22. “Cift cam teknolojisi: iki camin kenarlarina fitil koyup birbirine yapistirimasiyla elde
edilen hem 1s1 hem ses iletimini oldukg¢a azaltan bir teknolojidir.”

Camlar birbirine yapistirilirken camlar arasina Argon (Ar) gazi
doldurularak iglem yapilir.

——

Buna gore camlarin arasina Argon gazi doldurulmasinin sebebi agagidakilerden
hangisi ile agiklanabilir?

A) Gazlarin hem sesi hem isiyi daha iyi iletmesi

B) Gazlarin ses iletimini kati ve sivilara gére daha az iletilmesi

C) Swvilarin ses iletiminin gazlardan daha iyi olmasi

D) Gazlarin sesi sivilara gore daha fazla yansitmasi

23.

Calistigi is yerinde yiksek ses siddetine maruz kalan Mehmet Bey yiiksek
sesin bas agrisi yapmasi sebebiyle gorseldeki gibi kulak tikaglari takmistir.
Buna gére Mehmet Bey'in kullandigi kulak tikaci ile ilgili;
I. Sesi yansitmalidir
1. Sesi sogurmalidir
1. Dis ortamlardaki sesleri daha iyi kulagina aktarmalidir
V. Yumusak ve gézenekli yapida olmahdir

Yorumlarindan hangileri yapilabilir?

A) Yalnizl
B) llvelV
C) ILllvell
D) lvell

24. Asagidaki ortamlarin hangisinde sesin yayilma hizi en yavastir?
A) Hava B) Zeytinyagi C) Bakir D) Tahta

viii
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25. Ses dalgasinin garptigl ortamda enerjisini kaybetmesine ve bunun sonucunda
yayllamamasina sogurulma denir. Yumusak ve gézenekli malzemeler, sert ve purizsiz
malzemelere gore sesi daha iyi sogurur. Buna gére sesi sogurma amagli,

. Siinger
1. Tahta
Il Demir
Malzemelerinden hangileri kullanilabilir?
A) Yalniz | B)lvell C)llvelll D) I, 1l velll

26.

Sekildeki tokmakla defe vuruldugunda, diger defin arkasindaki asih olan iki kiiglik topun
hareket edildigi goruluyor.

Yapilan bu gézleme goére agsagidakilerden hangisine ulasilabilir?
A) Ses bir eneriji tarudar.

B) Ses dalgalar halinde yayilr.

C) Ses, gazlarda gok hizli yayilir.

D) Ses boslukta yayilamaz.

27.

Kadriye, yukaridaki gibi radyo ve kutu kullanarak bir dizenek hazirliyor. Kadriye kutuyu
asagidaki malzemelerin hangisiyle kaplarsa radyonun sesini digerlerine gére daha
fazla duyar?

A) Kagit B) Pamuk C) Demir D) Tahta
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the client is free to choose toys from a toy rack and uses a special tray

filled with fine-grained sand to build a representation of their inner
world in the presence of the therapist (Zhang, 2006). The efficacy of SPT in
correcting psychological and behavioral abnormalities in children has been
well acknowledged (Wu, 2022). Individual SPT and group SPT are the two
forms of SPT. In group SPT (also referred to as restrictive group SPT), a
group of people (often four to eight people) share a sand tray and a set of
toys and perform the play according to prescribed rules (Wei, 2020). Group
sandplay can exert therapeutic effects on both the group and individuals by
affecting the interpersonal relationships between group members as well as
the notions, emotions, and behavior of individuals within the group. Its ther-
apeutic effectiveness has been validated by research (Zhang, 2006). Family
SPT is a special application area of Group SPT (Xu & Zhang, 2007). This
article is a case study of the efficacy of group SPT for a family with an eight-
year-old boy who was experiencing school entry anxiety and being plagued
by abnormal parent-child relationships. The family received six consecutive
sessions of SPT, and the differences in their emotions, behaviors, and parent-
child relationships before and after therapy were evaluated.

SANDPLAY THERAPY (SPT) is a method of psychotherapy in which

Background Information on the Case

Demographic Information of the Client

B, the client, was an eight-year-old boy of Zhuang nationality and a first
grader at a primary school. He shared a home with his parents and a four-
year-old younger sister, S. B’s parents were both ordinary full-time office
workers. In the past six months, B’s mother, M, has been on frequent busi-
ness trips. The economic status of the family (L) was at the average level in
China. There was no history of major physical and mental illnesses or per-
sonality disorders in the family.

Behavioral Problems of the Client

B exhibited certain separation anxiety symptoms when he started his primary
school attendance. His abnormalities include lingering in bed in the morning,
refusing to go to school using paid transit service but insisting his father (F)
drive him to school, repeating “I don’t want to go to school” as his most fre-
guent topic, showing extreme aversion to school attendance, being unable to
listen attentively at class, and particularly having difficulties with his Chi-
nese language lessons, ranking the last in the first few unit quizzes. B's par-
ents were deeply worried about his performance and signed him up for the
after-school tutoring class, which resulted in his spending two extra hours at
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school. B was extremely unhappy about this arrangement, but his parents
forced him to carry on with the tutoring class. After coming back home, B
had to review his lessons under the supervision of M. B dallied on purpose
and could not finish the task until 11 p.m. on most school days. Delaying and
replying defiantly were B’s frequent reactions to his parents’ requirements.

Pre-Therapy Psychological Evaluation

The Psychological State of the Client

The client, B, was physically healthy with intellectual, emotional, and behav-
ioral development levels consistent with his age. His low spirits and anxiety
were triggered by his primary school attendance, but this is not yet a general-
ized issue. His social functioning remained basically normal. B’s behavioral
deviations were rooted in his current problematic relationship with his par-
ents. The parent-child relationship is the most influential factor for a child’s
development in the home setting, posing direct impacts on the development
of their social and psychological competence.

Evaluation of Parent-Child Relationships in Family L

A Negative Parent-Child Relationship

From the interviews with the family members, it was found that the parents
often ignore, disregard, or distrust their children’s words. This was particu-
larly evidenced by the interaction between B and his parents: The father ig-
nored B’s request for not attending school or after-school tutoring altogether
as if he had never heard of it, with the belief that B would adapt naturally to
school after a certain period of time; the mother, on the other hand, insisted
that B should study harder, disregarding his emotional needs and failing to
provide emotional support in a timely manner.

Frequent Parent-Child Conflicts

There could be three or four parent-child conflicts every day in Family L.
The parents’ irresponsible behaviors towards their children included intimi-
dation, being overly harsh, corporal punishment, and verbal abuse, among
others. B felt awful about his life: “It is not fun attending the school. Neither
the teachers nor classmates are nice. My parents are even worse. You have to
get to school early in the morning and come home late in the afternoon with
a lot of homework. My parents are very cruel to me, often yelling at me and
sometimes even beating me.” At the same time, the parents complained that
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B dallied on purpose while doing homework or stopped to play games before
finishing it off, which really drove them mad.

Poor Parent-Child Communication

Despite their natural love for the kids, the parents often treated them in a
harsh or coercive manner and disciplined them through dictation or prohibi-
tion. In B’s eyes, his dad was always busy, working overtime on weekends,
and never caring about his schoolwork. On the contrary, his mom was deeply
concerned about his school performance but never satisfied with his test
grades, especially those of Chinese; he was not allowed to spend time play-
ing after the primary school enrolment. On the other hand, the parents
thought that B had poor learning habits, resulting in low learning efficiency.
He could not finish his day until 12 p.m. every night but had to wake up at
6:30 a.m. in the morning to go to school on time. Inadequate sleep was det-
rimental to his growth and study. They could not help but resort to dictation
or coercion when reasoning with him did not work.

The Intervention Process

Given B’s emotional and behavioral issues and the less-ideal parent-child
relationship in B’s family, the therapist chose to administer group SPT to
Family L. The therapy scheme included six sessions for six weeks (one ses-
sion scheduled for each week). During the SPT time, B continued to attend
school but did not receive any other therapy.

The First Session

The Therapy Process

This was Family L’s first access to SPT. The therapist allowed them time to
play with the sand and perceive its touch. The family showed tremendous
interest in sandplay, particularly the two kids, who could not wait to play
with the sand tray. The therapist gave them a few minutes of group SPT ori-
entation, including the roles of the therapy, its purposes and objectives, and
the rules for its execution. The order of turns in conducting sandplay was
determined by lot-drawing, which turned out to be in the sequence of B-M-
S-F and was agreed upon by all of them.

To start with, B spaced out 10 balls along the edges of the sand tray.
After that, M placed four coconut trees on the right side of the sand tray, S
put six marine animals (starfish, squids, and whales) in the upper portion of
the tray, and F laid a motorcycle next to the whales. Five more rounds of
manipulation in the same sequence (B-M-S-F) followed. In this first trial of
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sandplay, they all had a lot to express with the toys, especially the kids, who
wanted to handle as many toys as possible in each round. When the session
terminated, the kids felt like playing more but had to give up because the
tray was full. The family agreed to dub this sand tray picture “A Wonderful
World” after discussion.

The Therapist’s Observation

During the therapy, each family member paid little attention to other ones,
and there was no effective parent-child interaction; everybody concentrated
on filling the sand tray with their own favorite toys. There were overt con-
flicts between them, particularly between B and his sister, S. For instance,
when S laid out a handful of marine animals on the beach, B did not like the
arrangement because he thought they could not survive without staying in
the water. However, S refused to compromise on her idea, and B stuck to his
belief that aggressive land animals like dinosaurs were better options.

The Second Session

The Therapy Process

Because of the disruption caused by the holiday season in early October, the
second session did not take place until nine days later. The therapist reiterat-
ed the rules for the therapy, and the sequence was redefined as B-S-F-M af-
ter the second lot-drawing. In the first round of operation, a lawn was placed
in the upper right corner of the tray by B, a colosseum in the left of its mid-
dle portion by S, and a Kungfu panda next to the colosseum by F, followed
by a small lake dug by M in the center of the upper portion of the tray. At the
request of the kids, the number of rounds was increased to eight for this ses-
sion. In the discussion period after completing the miniature work, family
members shared their intentions for the choice of toys and their perceptions
of the choice of other members. This time, all family members agreed to
name it “A Shared Community.”

The Therapist’s Observation

In the second session, all participants selected quite a few toys different from
those used in the first session. The attention paid to each other remained little.
Nevertheless, no obvious conflicts occurred during the sandplay. A few sim-
ple parent-child interactions occurred with one between B and M (B placed a
small rainbow in the lake dug by M), one between S and M (S put two boats
in the lake), one between F and S (F placed a Kungfu panda next to the col-
osseum set by S), two between B and F (B set up the national flag in front of
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the Tiananmen Square erected by F and put a smaller rainbow in the middle
of the larger one added by F), and one between B and S (B grilled the fish on
S’s stove).

The Third Session

The Therapy Process

All participants had come to a satisfactory understanding of the therapy’s
procedures by the third session. The third session of sandplay ran in the or-
der of B-S-F-M.

Discussion and Observation

There were serious conflicts between participants in this session. The croco-
diles, seals, bears, and other beasts of prey in the sand tray posed a serious
threat to S’s sphere. S was desperate to protect her area by enclosing it to the
right of the sand tray. B attempted to communicate with S and placed three
bridges behind the fences. However, S reinforced her defense by deploying
more mountains, fences, and the bird-nest-like stadium. M tried to get con-
nected to B’s world by planting pine trees and lotus flowers there. The thera-
pist asked B, “Does the crocodile prey on humans?” “Yes” “Then why did
you put so many beasts of prey there?” “For fights.” “Did you win?” “No.”
“Are there any alternative solutions to conflicts apart from fighting?” At this
point, B was brought into deep contemplation. In addition, the sand tray pic-
ture also showed some traces of conflict between B and F: B’s Ultraman ap-
proached F’s soldier, attempting to kill him.

In the fourth round of sandplay, something more dramatic happened.
S took the cat away from the shell where it had stayed with the mermaid and
placed it inside the bird nest-like stadium, which aroused strong opposition
from B. Yet S had no intention of giving in. The therapist did not intervene
immediately but waited and observed the parents’ reactions. It turned out
that the father had no idea what to do while the mother was trying to calm
down the boy. The mother, then, asked the father to bring the girl back to the
sand tray and coaxed her into completing the play. Finally, with the thera-
pist’s consent, the cat was placed in the bird-nest-like stadium. The therapist
asked S, “Why did you want to move the cat?” “Because it’s my favorite.”
“Isn’t it safer for it to stay with the mermaid?” “No, it’s not safe there. The
cat should stay in the bird nest-like stadium.” “Okay, let all of us protect it.
Do you feel like carrying on with the play?” “Sure.” During the negotiation
process, the father and mother became aware of the parent-child communica-
tion issue that existed in their home education. In the end, the family reached
an agreement to name this sand tray picture “War and Peace.”
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The Fourth Session

The Therapy Process

The fourth session was played out in nine rounds in the sequence of M-S-B-
F.

Discussion and Observation

In the conversation about their sand tray picture, B expressed his dissatisfac-
tion with the layout and removed the helicopter from the top of the office
building, but later put it back. This indicated that B wanted to break free
from F’s control but recognized the limitations of his own power. F wanted
to pull the small house out of the sand, but S stopped him, warning, “Don’t
touch my house!” This was a signal of S’s strong awareness of boundaries.
M and F interacted affectionately, working together to build a home in the
upper left corner of the tray, which was full of joyful and warm atmospheres.
No significant confrontations arose between the family members in this ses-
sion. Neither did they occur in the following sessions. This time, the minia-
ture work in the sand tray was named “Free from Worries.”

The Fifth Session

The Therapy Process

Due to M’s business trip to Thailand, the fifth session was postponed until
three weeks later. The therapist repeated briefly the instructions, and Family
L conducted the operation in the sequence of B-S-F-M based on the results
of the “rock-paper-scissors” game. They created a harmonious image and
dubbed it “A Beautiful Memory.”

The Therapist’s Observation

This session was a fun experience for the family. M’s last trip to Thailand,
where the Buddhist tradition is prevalent and elephants and tigers are com-
mon, gave the sandplay an exotic touch. The sand tray layout showed no
signs of confrontation. Instead, parent-child interactions significantly in-
creased. B laid F’s high-speed train on the railway track; B’s jet was placed
next to F’s passenger plane; M planted trees in front of B’s buildings, such
as the police office; S was in a good mood and initiated quite a few conver-
sations with F and M. There was no conflict between B and S, either. S put
M’s strawberry on her table. B built a home with four family members,
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among which the parents stayed together, but the older brother and his
younger sister kept a certain distance between them, concentrating on what
they liked to do without any mutual interference.

The Sixth Session

The Therapy Process

The last session was one week behind the schedule because of the kids’
school weekend activities. It was played out in the order of B-S-F-M.

Discussion and Observation

All participants were in high spirits and felt pleased with the last miniature
work. They gave positive comments to each other’s contributions to the
work and saw every toy as integral and representative of their real intentions.
The honing of relationships in the previous five sessions resulted in more
tacit interaction between the family members and increased their attention to
each other’s needs. The sand tray model showcased preliminary integration,
marked by common goals and signs of joint efforts. The last sand tray image
was named “A Spiritual Paradise.”

The Efficacy of the Intervention

Participants’ Self-Evaluation

F, the father, reported that after the six sessions of therapy, B’s perception of
school attendance changed. B no longer talked about his unwillingness to go
to school but was still resistant to the after-school tutoring. He was able to
get up on time for morning calls and would not cry after leaving home. He
could now listen rationally to F. M, the mother, said that B's defiant behavior
had substantially lessened. B could now better understand his parents’ eX-
pectations of him. Despite his occasional delays, he could follow his parents’
instructions according to their timely prompts. Meanwhile, F and M were
now less focused on B’s academic results but more on his personal thoughts
and needs, giving him more understanding and spiritual comfort. Yelling and
screaming gave way to decent conversations in their home. B, the client, re-
ported that he was not afraid of school attendance any more now that teach-
ers’ lectures had become comprehensible and his parents’ attitudes towards
him had changed.

The Therapist’s Evaluation
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The follow-up interviews confirmed that the intervention had reached its ex-
pected objectives. First off, parent-child conflicts have been substantially
reduced in Family L. The parents could regulate their emotions better than
before, keeping their temper with the kids when the latter misbehaved. They
could listen calmly to B’s explanation for his dislike of attending school and
help him with his homework when necessary. The frequency of the parents
yelling at B has considerably decreased. As a result, the parent-child tensions
in Family L have significantly eased. The parents could now rationally
communicate with B about his day-to-day school experiences and the pro-
gression of his schoolwork, as well as possible challenges that might necessi-
tate their help. B could now confide in his parents his concerns about the
current transitional period and feel free to talk through with them his percep-
tions of teachers, classmates, and after-school services. Most importantly,
group SPT successfully helped B to release his anxiety caused by the school
transition and to get psychologically ready for full engagement in the new
educational setting.

Others’ Evaluation

According to B’s class teacher, B, after the therapy, stopped asking her re-
peatedly when he would be dismissed and go home, as he had done before.
He was now attentive in class and willing to help teachers and the class with
all sorts of chores. His average academic level remained around B+.

Conclusion and Reflections

The therapeutic outcomes of Family L demonstrate that group SPT has sig-
nificant positive effects on improving parent-child relationships in a family.
The case in discussion also shows that the family needs to go through four
stages in group SPT to reach mutual understanding and harmony between
family members.

Stage One: Self-Concentration

In the first two sessions of SPT, there were few associations between dis-
crete scenes in the sand tray, and the arrangement of toys was in a disor-
ganized state. The dynamics in the sand tray were inconsistent in direction,
and the picture showed a lack of cohesion and shared motivation among its
creators. The reason was that there was little interaction among the family
members; each of them was self-centered, concentrating on their own feel-
ings and thoughts.

Stage Two: Paying Attention to One Another
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Following the initial sandplay experiences, explicit conflicts emerged be-
tween S and B, mainly due to their stubbornness and zero-compromise men-
tality, resulting in both being dissatisfied with the final work. The conflicts
between the parents and children, particularly between B and F, were also
manifested in the sand tray image. The therapist intervened and skillfully
mediated conflicts to moderate parent-child and inter-sibling relationships.

Stage Three: Communication and Mutual Understand-
ing

With increased confrontations and conversations in sandplay, the family
members had more effective communication by candidly representing their
thoughts and feelings, as well as their expectations of each other. Although
there remained disputes due to disagreements between participants, they

were all minor. Reconciliation could be reached through communication
with patience and reasonable guidance from the parents.

Stage Four: Adjustment and Integration

After the processes of self-concentration, paying attention to others, commu-
nication, and mutual understanding, the family members deepened their
comprehension of each other and learned to think from different perspectives.
A more tacit relationship was developed, enabling them to create a sand tray
miniature work with enhanced integrity, increased associations, and an ex-
plicit, uniform theme.

To sum up, group SPT assists the client in establishing connections
with their family, consciously and unconsciously, in relaxed, safe, and re-
sistance-relief atmospheres (Wei, 2020). It is also effective in encouraging
self-exploration and self-conception in family members. Thus, group SPT
has the potential to help foster healthy family relationships by promoting
positive communication and other healthy interaction patterns between par-
ents and children, supporting participants in taking on normal roles in the
family, and highlighting the importance of harmonious development of the
mental health of individuals as family members.

References

Wei, G. (2020). Sandplay Therapy: Psychologi- na Petrochemical Press.
cal Healing through Games. Beijing: Chi- Wu, Q. (2022). A case study of the use of

SIEF, Vol.23, No.1, 2024 3703



Wu. (China). Group Sandplay Therapy in Improving Parent-Child Relationships.

sandplay therapy to help kids feel better sandplay therapy to family therapy: Theo-
about starting kindergarten. Science In- retical underpinnings and clinical practice.
sights Education Frontiers, 13(1):1777- Psychological Science, 2007(30):151-154.
1787. DOI: Zhang, R. (2006). Sand Tray Therapy. Beijing:
https://doi.org/10.15354/sief.22.0r069 People’s Education Press.

Xu, H. & Zhang, R. (2007). The application of

Received: May 20, 2024
Revised: June 04, 2024
Accepted: June 27, 2024

SIEF, Vol.23, No.1, 2024 3704


https://doi.org/10.15354/sief.22.or069

REVIEW

The Construction and Application of
Smart Classrooms in China:
A Literature Review Based on
93 Studies

Fengjie Ren

Hanyang University, Seoul, Republic of Korea

Abstract: The smart classroom, as a product of advances in infor-
mation technology, has garnered wide attention in academia in re-
cent years. Using the method of literature review, this article delves
into the construction and application of smart classrooms in China
on the basis of 93 prior studies retrieved from the database of the
China National Knowledge Infrastructure. Research results show
that there is a lack of uniform evaluation criteria for the construc-
tion of smart classrooms despite the prominent advancements in
their systems and facilities, and that in the dimension of applica-
tions, there has been growing interest in the alignment between
smart classroom technologies and instructional needs but a dearth
of research on teaching activity design for smart classroom instruc-
tion. Recommendations are also proposed based on the issues de-
tected, with a view to contributing to the widespread deployment
and ongoing optimization of smart classrooms.

Science Insights Education Frontiers 2024; 23(1):3705-3724
DOI: 10.15354/sief.24.re385

How to Cite: Ren, F. (2024). The construction and application of smart class-
rooms in China: A literature review based on 93 studies. Science Insights Edu-
cation Frontiers, 23(1):3705-3724.

Keywords: Smart Classroom, Literature Review, Construction, Application, China




Ren. (South Korea). Construction and Application of Smart Classrooms in China.

About the Author: Fengjie Ren, Hanyang University, Seoul, Republic of Korea. E-mail: r15762600862@126.com
Correspondence to: Fengjie Ren at Hanyang University of Republic of Korea.
Conflict of Interests: None

Al Declaration: The author affirms that artificial intelligence did not contribute to the process of preparing the
work.

© 2024 Insights Publisher. All rights reserved.

Creative Commons NonCommercial CC BY-NC: This article is distributed under the terms of the Crea-

BY NG tive Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-
nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission provided
the original work is attributed by the Insights Publisher.

SIEF, Vol.23, No.1, 2024 3706


mailto:r15762600862@126.com
http://www.creativecommons.org/licenses/by-nc/4.0/
http://www.creativecommons.org/licenses/by-nc/4.0/

Ren. (South Korea). Construction and Application of Smart Classrooms in China.

Introduction

ing the internet, the Internet of Things, cloud computing, and big da-

ta, the smart classroom integrates physical and virtual spaces with
the potential of creating interaction-reinforcing teaching and learning envi-
ronments, providing individualized services for teachers and students, and
realizing intelligent classroom management (Cheng, 2015). In a smart class-
room, the combination of technologies and teaching elements, such as in-
structional strategies and models, can significantly enhance the teacher’s in-
structional standards and students’ learning experience (Dimitriadou &
Lanitis, 2023).

In the past decade, smart classrooms have garnered increasing atten-
tion in the Chinese education community; educational institutions at all lev-
els in China have made serious investment in smart classroom development
and achieved considerable outcomes. As a result of the extensive application
of artificial intelligence, big data, and other cutting-edge technologies, the
digital transformation of education has become an inevitable trend in educa-
tional development and reform. In this context, it is foreseeable that the
smart classroom will undergo greater development. How to leverage smart
classrooms to meet the needs of digital education, improve the quality of ed-
ucation, promote educational equity, and nurture new-generation talent has
become a vital research topic in academia (Li, 2024).

Recently, smart classroom research has proliferated both in China
and abroad. Prior literature reviews have focused on the technological
frameworks and features of the smart classroom rather than on the specific
construction and application processes. For instance, Saini and Goel (2019)
reviewed the use of various technologies and facilities in smart classrooms
and identified in the literature four major facets of teaching and learning ex-
perience related to them: smart content, smart interaction, smart assessment,
and smart physical environment. Cheng et al. (2024) introduced the concep-
tual framework of the smart classroom by describing its “smart” nature in
five aspects: physical environment and spatial arrangement; content presen-
tation and resource sharing; classroom interaction and feedback; perception
and recognition of student learning engagement; and instructional evaluation
and management. Despite many reviews like these on the technological
characteristics of smart classrooms and the specific technologies involved,
there are few surveys on their construction and application processes. In light
of this, the present study focuses on presenting the current state of the con-
struction and application of the smart classroom in China by reviewing the
published research findings, pinpointing issues arising in the said processes,
and proposing targeted suggestions with the intent of contributing to the on-

BASED ON the development of information technology (IT), includ-
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going enhancement of small classrooms in the digital transformation of Chi-
nese education.

Research Design

Research Questions

(i) What is the status quo of the construction of smart classrooms in China?

(i) What is the current state of the application of the smart classroom in
China?

(iii) What are the application outcomes of smart classrooms?

Research Methodology and Process

This study is a literature review, sourcing literature from the China National
Knowledge Infrastructure (CNKI), an authoritative database in China. With
the assistance of CKNI’s professional retrieval feature, the search was con-
ducted using “smart classroom” and “smart teaching environment” as subject
terms coupled with words like “construction,” “design,” “application,” and
“outcomes.” To ensure the academic quality of the included literature and its
relevance to the research questions, only articles written in Chinese and pub-
lished by journals listed in “A Guide to the Core Journals of China” and the
Chinese Social Science Citation Index were included in the screening pro-
cess. To make the search as thorough as possible, there were no time limits
set for the publications. By the deadline of June 5th, 2024, 245 articles had
been obtained, among which 93 were identified as valid after removing du-
plicate and irrelevant studies. Rayyan, a systematic review tool, was adopted
in the analysis of the 93 articles (Yu et al., 2022).

The Status Quo of Small Classroom Construction in
China

Among the 93 articles included in the literature review, 42 address the de-
sign and construction of the smart classroom. We can draw from them in-

formation on the definition, system architecture, technologies, and evalua-
tion of the smart classroom.

The Definition and Features of the Smart Classroom

In China, Huang et al. (2012) first defined the smart classroom as a new type
of classroom with the capacity for intelligent perception of situations and
management of environments, aiming to facilitate the presentation of teach-
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ing materials, the acquisition of instructional resources, and in-class interac-
tion. Nie et al. (2013) argued that the smart classroom is a fresh modality of
classroom powered by emerging digital technologies, which conflates the
physical classroom space with all relevant software and hardware equipment
to provide intelligent application services for teaching activities. Based on
the analysis of prior studies from China and other countries, Zhang et al.
(2014) conceptualized the smart classroom as an intelligent learning setting
built on universal computing technologies, the Internet of Things (IoT),
cloud computing, and artificial intelligence and highlighted its essential
components as intelligent physical and interpersonal spaces, learning instru-
ments, and support for interactions between classroom actors. Amid the ad-
vancement of technology and education concepts, researchers have also up-
graded their understanding of the smart classroom. Jin and Zhang (2019) de-
scribed the smart classroom as a combination of “physical space, resource
space, and community space” based on the technologies of IoT, big data ana-
Iytics, and cloud computing, which contribute to the intelligent management
of classroom facilities, intelligent enactment of teaching activities, complete
recording of the instructional process, diversification of teaching patterns,
and big data-supported instructional evaluation and diagnosis.

In addition, researchers have attempted to generalize the features of
the smart classroom. To summarize the characteristics of the smart class-
room, Huang et al. (2012) advanced the model of "SMART," which stands
for “showing” (content presentation), “manageable” (learning environment
management), “accessible” (education resource acquisition), “real-time in-
teractive” (instant interaction), and “testing” (situational perception). Nie et
al. (2013) proposed the “iISMART” model to incorporate "infrastructure,"
network “sensors," visual “management," “augmented” reality, real-time
“recording,” and ubiquitous “technology.” Wu et al. (2020) argued that the
smart classroom is distinguished by four features: integrating technologies,
promoting adaptive learning, transforming classroom structure, and support-
ing personalized learning. According to Cheng (2015-2016), a smart class-
room is expected to include as its basic components: multimedia-based
teaching materials, resource sharing, diverse teaching modalities, personal-
ized learning, collaborative activities, ubiquitous network connections, intel-
ligent management, and a user-friendly environment. A portion of research-
ers claimed that the features of the smart classroom are determined by key
factors like the digital environment, technology, and resources (Wang &
Jiang, 2014; Zhang & Yang, 2018). On the basis of their theoretical and
practical explorations, Liu et al. (2023) characterized the functions of the
smart classroom as supporting smart teaching, learning, evaluation, man-
agement, and research in an educational setting and highlighted five essential
elements in the structural model they proposed: physical and virtual envi-

SIEF, Vol.23, No.1, 2024 3709



Ren. (South Korea). Construction and Application of Smart Classrooms in China.

ronments; content and resources; teaching and learning interaction; assess-
ment and evaluation; and data governance.

The literature review demonstrates that technology, management, re-
source service, and support for teaching and learning are the key terms in
popular concepts of the smart classroom. In this study, we define the smart
classroom as a new paradigm of classroom that leverages plural information
technologies to enhance teaching environments, equipment, and activities,
facilitate the presentation and sharing of teaching resources, and support in-
telligent teaching and learning. As a state-of-the-art educational practice, the
smart classroom is not only about the adoption of cutting-edge technologies
but, more importantly, about the innovation of instructional models and
evaluation methods.

The Smart Classroom Architecture and Technologies

There are primarily three approaches to the architecture of the smart class-
room system in the existing literature. The first approach is to design the sys-
tem based on the established smart class models or frameworks (He &
Huang, 2018; Cui et al., 2020; Cheng, 2021; Zhou et al., 2022). For example,
Liu et al. (2018) utilized Huang et al.’s (2012) “SMART” model as a frame-
work of reference in formulating their smart classroom system; Hu and
Wang (2018) consulted the smart class learning experience theory and fo-
cused on the three core dimensions of learning space, information technolo-
gy, and instructional methods in the construction of a smart classroom sys-
tem. The second approach is based on the hierarchical structure of the IoT
from a technological standpoint (Chen & Xu, 2014; Yan & Gui, 2016; Zhou,
2018). Guo et al. (2013), for instance, developed a smart classroom system
with four layers: hardware, virtual reality, education service, and external
cloud service, drawing on the three-layer structure of the 10T marked by the
perception, transmission, and application layers. The third approach is based
on consideration of the needs of practical teaching manipulation (Shi, 2017;
Zhang et al., 2018). Xu et al. (2023), for example, argued that a smart class-
room system should include four levels: environmental convergence, teach-
ing-learning interaction, quality management, and equipment operation and
maintenance, to meet the requirements of actual teaching scenarios.

To realize its projected multi-dimensional functions, builders of the
smart classroom have adopted a wide variety of technologies and devices.
For example, 10T technology has been heavily used in smart classrooms to
economize on resources and manpower and increase the efficiency of
equipment management (Wang & He, 2021; Li et al., 2022). The use of loT
significantly improves the interconnectivity between various devices in the
classroom, providing real-time feedback on their running status and automat-
ing the adjustment of the classroom environment. To make classroom man-
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agement, including attendance taking, more intelligent and efficient, Al-
assisted image recognition technology and electronic class badge technology
have been widely adopted (Hu et al., 2018). These technologies can auto-
mate the recognition of student identities and the recording of their class at-
tendance, simplifying management processes (An et al., 2017). Also, smart
blackboards, virtual desktops, 4K recording technology, online class over-
sight mechanisms, and normalized recording systems have become integral
technological components of the smart classroom, which have greatly facili-
tated the preparation, presentation, and sharing of teaching materials (Yu &
Liu, 2017; Liu & Qian, 2019; Hu et al., 2019). Technologies and techniques
like these have enabled instructors to present teaching content more intui-
tively to students while encouraging shared management of teaching re-
sources between teachers and students. Furthermore, in order to promote
teacher-student, inter-student, and human-machine interaction, devices and
technologies, such as video conferencing software, interactive electronic
whiteboards, real-time response systems, and sound reinforcement systems,
have been widely employed (Wang et al., 2015; Xie et al., 2018; Cui et al.,
2020), to enrich means of teacher-student interaction. In addition, to support
instructional assessment, intelligent technologies, such as voiceprint recogni-
tion, electronic examination rooms, and learning analytics, have also been
incorporated into the technical architecture of smart classrooms (Pan et al.,
2018). With these technologies, the teacher can discern students’ learning
progression in real-time, adjust instruction strategies in a timely manner, and
improve their teaching efficacy.

Meanwhile, builders of smart classrooms have harnessed a wide
range of technologies to meet the diverse needs of different learners. For ex-
ample, mobile internet technology and mobile terminal applications are in-
corporated to support students’ mobile learning, making learning less subject
to temporal and spatial constraints (Zhu et al., 2018). Technologies such as
cloud computing and big data have been used in the smart class to analyze
students’ learning data to enable teachers to provide tailored teaching to
them (Yu et al., 2020). Also, virtual reality and cloud rendering AR/VR have
been applied to smart teaching to suit the learning styles of different student
groups (Tang et al., 2021). Additionally, research has paid attention to the
role of wearable technology in the education of persons with special needs as
well as the training of special majors in that it helps individualize teaching
for the special education group and enables teaching practices in special ma-
jor training to be carried out in a safer manner (Liu et al., 2016).

Our survey suggests that there is a lack of uniform standards for the
architecture of the smart classroom due to the variations in its definition,
which is unfavorable for its popularization. It also finds that smart classroom
builders in China place a biased emphasis on the potent functions of the cho-
sen technologies and devices over the actual needs of classroom instruction.
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Moreover, they have a strong preference for cutting-edge technologies in
structuring the smart classroom system without paying proper regard to the
importance of infrastructure and basic facilities.

The Evaluation and Optimization of the Smart Class-
room

The lack of a conclusive definition and uniform architecture of the smart
classroom has resulted in a dearth of standardized evaluation criteria. Certain
researchers evaluated the smart classroom’s effects according to students’
learning experiences. Sun and Tang (2019), for instance, sought to assess the
effectiveness of a smart classroom in five dimensions: the learning activity,
physical environment, resource acquisition, teaching-learning interaction,
and content presentation, drawing on the learning experience scale devel-
oped by Hu et al. (2016). For smart classrooms built on the 10T, Liu and
Chen (2020) proposed a full lifecycle costs-based evaluation method to ex-
amine the advantages and disadvantages of various smart classroom design
schemes from the aspects of network topology, fixed costs, operating costs,
maintenance costs, failure costs, and component abandonment costs. Refer-
ring to the “Guidelines for the Construction of Smart Classrooms in Primary
and Secondary Schools in Guangdong Province (Trial),” Yin et al. (2020)
developed an evaluation framework consisting of seven indicators: infra-
structure; environment and layout; intelligent recording and broadcasting;
teaching and resource platforms; intelligent regulation and sensor systems;
software and hardware tools and mobile terminals; and training programs. In
addition, some studies came up with optimization strategies for the sustaina-
ble operation of smart classrooms. Shao et al. (2023), for example, recom-
mended creating an integrative management platform to improve the effi-
ciency and quality of the operation and maintenance of smart classrooms.
They explored ways to achieve centralized monitoring, prompt reaction, and
efficient management of smart classrooms by integrating various operation
and maintenance management instruments and technologies.

Our review finds that there are relatively few studies on smart class-
room evaluation in China. Nevertheless, given the huge investment that a
smart classroom demands, an effective evaluation framework is conducive to
the supervision of its construction process and the legitimate utilization of
education resources. Therefore, more research is needed in this regard in or-
der to produce more scientific evaluation standards and efficacious optimiza-
tion strategies to ensure the sustainable development of smart classrooms.

The Application of the Smart Classroom in Chinese

Education
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Fifty-one studies included in the literature review are dedicated to research
into the application of the smart classroom in Chinese education. On the ba-
sis of these studies, we seek to give an overview of the application of the
smart classroom in China, examine the effects of the integration of the smart
classroom with various teaching modalities as well as its impacts on the
teaching and learning processes, and summarize the factors affecting its use
in the current Chinese education settings.

A Brief Overview of the Application of the Smart Class-
room in China

Currently, the smart classroom has been applied in all education levels, from
basic to tertiary, and in a wide range of disciplines in the domains of hu-
manities, social sciences, and natural sciences. The practical purposes of the
smart classroom are primarily two-fold: (1) to be coupled with established
teaching models to augment education effects. For instance, Chai et al. (2022)
combined the smart classroom with the hybrid teaching model and explored
the benefits of the combination for optimizing students’ learning experiences.
(2) to provide support and services for every step of the instructional process.
For example, Zhang (2015) examined the roles of the smart classroom in en-
hancing teachers’ instructional strategies, increasing students’ deep learning,
and improving classroom outcomes through learning analytics. In their in-
vestigations of the smart classroom’s applications, researchers have shown
considerable interest in the teaching-learning interactions in a smart teaching
environment. Some researchers have looked into the attitudes of teachers and
students towards the smart classroom and the factors affecting their readiness
and behavior in its use (Li, 2015). Thorough exploration of these factors is
conducive to the further popularization of smart classrooms.

Different from the aforementioned studies on the construction of the
smart classroom, which focus on emerging technologies and their possible
usage for smart instruction, research on the application of the smart class-
room concentrates more on the alignment between technologies and instruc-
tional needs while also paying attention to the novelty of technologies and
their special features.

The Effects of the Integration of the Smart Classroom
and Various Instructional Models

Existing research has explored the effects of the combination of the smart
classroom and established teaching modalities such as the blended learning
model, the APT (Assessment, Pedagogy, Technology) teaching model, the
flipped classroom, and the cooperative learning model. According to Cheng

SIEF, Vol.23, No.1, 2024 3713



Ren. (South Korea). Construction and Application of Smart Classrooms in China.

et al. (2021), the practice of blended learning in a smart classroom can boost
students’ self-directed learning and teamwork abilities by converging online
and offline learning spaces and leveraging the interaction between learning
methods, evaluation, and reflection. Wen et al. (2022) argued that the smart
classroom contributes to customizing teaching in the implementation of
online and offline hybrid learning by providing timely, precise, and individ-
ualized data. As per Zhang et al. (2017), the APT teaching model can max-
imize the smart classroom’s outcomes as an intelligent education environ-
ment distinguished by connectivity, interactivity, and mobility, significantly
enhancing students’ inquiry ability and metacognitive level. Zhang et al.
(2018b) argued that the APT teaching model in a smart learning environment
helps heighten students’ problem-solving awareness and skills and foster
their innovation and critical thinking abilities. In the flipped classroom mod-
el supported by smart classroom technologies, the latter’s instant feedback
system enables the teacher to follow students’ learning progression in real
time while also instigating active engagement in learning in students (Shi et
al., 2019). In his investigation of the effect of the smart classroom on junior
secondary physics education based on the “teacher-led, student-centered”
instruction pattern, Xue (2014) discovered that the smart class’s learning an-
alytics could assist students in diagnosing their inadequacies and remedying
them in a prompt manner and that, as a result, students in a smart classroom
tend to exhibit higher levels of concentration and agency. In addition, re-
search also shows that smart classroom instruments and technologies have
positive effects on the traditional teaching style. For instance, the smart
classroom’s electronic writing board can make lecture-based teaching more
efficient; its multi-screen display system can make teacher demonstration-
based instruction more intuitive, thereby increasing the efficacy of traditional
teaching practices (Lyu et al., 2019).

On the other hand, research on the effects of the smart classroom on
cooperative learning is far from conclusive. Some researchers asserted that
the smart classroom could provide strong technical support for students’ col-
laborative learning and was effective in enhancing their agency and engage-
ment in collaborative activities (Xu et al., 2017; Zhou et al., 2018). Others
argued that smart classroom technologies had only slight boosting effects on
the overall process of cooperative learning with no significant advantages in
this regard, despite there being a moderate increase in student interactive be-
havior in group study in a smart classroom compared with an ordinary one
(He et al., 2017; He et al., 2018a; He et al., 2018b; He et al., 2018c). The
variations in research findings can be the result of differences in research
methods, variables, and data processing tools. Wang et al. (2015) and (2016)
sought to examine the said divide from a differential perspective, pointing
out that mere changes in the use of a certain technology or device could dis-
rupt the functioning of other technologies employed. This implies that, in a
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sophisticated smart teaching environment, minor changes in the use of tech-
nology may pose a significant impact on the overall teaching outcomes. The
high interdependence between smart classroom technologies demands that
teachers should not only be proficient in using each separate technology but
also be aware of the mutual influences between them.

The Impacts of the Smart Classroom on Class Enact-
ment

First off, the smart classroom has a positive impact on teachers’ instruction
by providing multi-faceted intelligent support and services. Specifically, the
flexibility of the smart space gives teachers a super creative experience in the
teaching process; intelligent data management is beneficial for the formation
of an individualized and flattened teaching environment, generating numer-
ous opportunities for teachers’ innovation in teaching methods (Li, 2015).
The ongoing application of smart classroom technologies can substantially
enhance the teacher’s digital competence while optimizing their instruction
(Li et al., 2024). Also, in teacher training on the use of the smart classroom,
the demonstration of leading teachers can effectively motivate ordinary
teachers to further bolster their teaching techniques (Zhang, 2015). At the
same time, some studies emphasize that the majority of teachers need to
change their teaching styles and increase their capability of manipulating the
smart class to realize its teaching-enhancement effects (Mao et al., 2018).
Jiang et al. (2019) noted that the current readiness of teachers to transform
their instruction to suit the smart teaching environment is insufficient and
that changes in teacher evaluation mechanisms are necessary to urge them to
adapt to the new teaching paradigm.

Furthermore, the benefits of the smart classroom for students’ learn-
ing are many. Ni’s and Lyu’s (2017) study found that students showed
stronger interest in learning in a smart class than in a conventional one. Ac-
cording to Yang et al. (2024), students exhibited higher levels of engagement
in a smart classroom, cognitively, emotionally, and behaviorally (Zhang et
al., 2019; Leng & Yi, 2020). The easy access to abundant digital education
resources in the smart classroom also helps students improve their learning
efficiency (Zhang et al., 2018). Furthermore, smart classroom technology-
assisted teaching activities can elicit deep learning among students (Lu &
Yang, 2022), contributing to morphing their simple, linear thought into a
more sophisticated thinking style that emphasizes connections in knowledge
(Wang, 2019) and enhancing their ability to construct knowledge in more
creative ways (Huang et al., 2020). In addition, Peng et al.’s (2021) study
suggests that improved impressions of the learning environment in the smart
classroom are significantly beneficial for heightening students’ self-efficacy.
Nevertheless, some researchers claimed that the smart class might pose cer-

SIEF, Vol.23, No.1, 2024 3715



Ren. (South Korea). Construction and Application of Smart Classrooms in China.

tain negative impacts on students’ learning. For example, it is impossible for
students to upgrade their learning methods when their use of the smart class-
room is limited to the sharing of teaching materials, whereas the roles of
smart classroom technologies in information processing and knowledge con-
struction are disregarded (Zhai et al., 2016; Liu et al., 2020). Another issue
in the smart classroom is that students are more interested in the format of
instruction than in the course content (Wang, 2019), which is not conducive
to their mastery of curriculum subject matter. Also, Zhang (2021) is con-
cerned that the disciplines for student knowledge memorization in the smart
classroom may objectify students, producing a false impression of personal-
ized learning.

Additionally, the smart classroom has its advantages in encouraging
in-class interactions (Huang, 2013). The smart classroom’s interactive tech-
nology helps expand the scope of interaction between class actors and enrich
teaching and learning approaches, thereby boosting individual and collective
knowledge construction and increasing teaching and learning outcomes
(Chen et al., 2019). In the meantime, big data-based teaching analytics in the
smart class has the potential to optimize the frequency and content of teach-
er-student and inter-student interaction, thus enhancing students’ agency in
the classroom as well as their active engagement in learning, both emotional
and behavioral (Zhang et al., 2016). Nonetheless, there are also issues with
in-class interactions in a smart teaching environment. Despite the smart
classroom’s emphasis on the notion of student-centeredness (Jiang et al.,
2019), it is still important for the teacher to be proficient in posing proper
questions and providing reasonable directions and feedback. The current in-
adequacies in the openness and frequency of questions posed by smart class
teachers lead to students’ passive reactions and insufficient chances to con-
duct in-depth discussions in the smart classroom (Liu & Chen, 2021). Li et al.
(2018) argued that the interactions occurring in the smart classroom did not
significantly outperform those in the traditional classroom, when technologi-
cal support mainly benefits the teacher rather than the students, resulting in a
lack of substantive interactions between them (Chen et al., 2019). Given this,
Li and Xu (2018) recommended drawing on the theories of constructivism,
situated learning, and collaborative learning in designing learning activities
to ensure students’ rights to discourse (Xie, 2022) and enhance their interac-
tive behavior in the smart classroom.

To sum up, the literature shows that the smart classroom not only
helps ameliorate teachers’ instruction and students’ learning, but also en-
hances the interaction between class actors. Meanwhile, the issue of how to
fully harness its advantages and circumvent its drawbacks requires more ex-
ploration in practice. As technology advances, the smart classroom will also
be continuously upgraded. The adjustment of application strategies to opti-
mize smart classrooms’ roles in education necessitates further research.
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Factors Affecting the Application of the Smart Class-
room

A portion of the studies included in the review examined the factors affect-
ing the willingness of teachers and students to use the smart classroom. Ac-
cording to Chen et al. (2020), factors like performance expectations, peer
influence, and facilitation conditions can have significant positive impacts on
teachers’ intention to use smart classroom technologies, whereas outdated
education notions and rigid teaching methods are hindrances to their applica-
tion of the smart classroom. Also, the smart teaching climate of the school,
targeted smart teaching training, and innovative teaching strategies are fac-
tors contributing to encouraging the use of the smart classroom among
teachers (Pan, 2018; Wang et al., 2021). Among students, their seating pref-
erences and learning environment preferences relate to their learning motiva-
tion and styles in the smart classroom, and the instructional strategies adopt-
ed by the teacher determine students’ learning satisfaction in the smart teach-
ing environment (Xu et al., 2018; Zhang et al., 2020; Liu et al., 2021). Li’s
(2022) study suggested that expanding the opportunities for interactions in
the smart class and adopting more suitable teaching methods, such as the
multi-scale teaching model, could stimulate students’ learning motivation.

On top of the said factors, the structure of in-class teaching (Guan et
al., 2019) and the nature of the discipline (Jiang et al., 2018) also determine
the intensity of smart classroom use. Specifically, in low-structured teaching
that emphasizes classroom generation, such as instruction in the humanities,
technology only serves as an instrument for student learning, and in this situ-
ation, students themselves hold a dominant position in the learning process.
In highly structured teaching, such as instruction in science subjects, the
teacher is highly dependent on technology for information presentation and
analysis, and, as a result, technology must be incorporated into specific tasks
based on prescribed teaching objectives. In addition, some studies empha-
sized that the intensity of the functioning of the smart classroom depends on
its specific purposes in the teaching practices (He et al., 2018c). Therefore,
when selecting technological media in the construction stage of the smart
classroom, it is overwhelmingly important to consider their relevance to
concrete instructional needs and not to focus on pursuing high-performance
equipment (He et al., 2020). Equally important for the functioning of the
smart classroom is the quality of the digital infrastructure. Issues like net-
work connection failures (Wang, 2019) can pose direct threats to the efficacy
of the smart classroom, impairing the smart class experience of the teacher
and students.

Conclusion
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The purpose of this study is to present the current state of the construction
and application of the smart classroom in China via a review of 93 journal
articles. Our survey shows that existing research has put forward several
well-recognized definitions of the smart classroom and has summarized its
basic features; that the builders of the smart classroom have experimented
with various architectures of its system, leveraging cutting-edge technologies;
and that researchers have also developed certain evaluation frameworks for
assessing its outcomes. There remain issues with the development of the
smart classroom, such as the lack of widely accepted criteria for its construc-
tion and evaluation, overemphasis on the performance of technologies with
disregard to the actual needs of teaching, and more attention paid to the nov-
elty of technologies than to the standard of infrastructure, which is the bed-
rock of the functioning of technology. Therefore, it is necessary to stress that
the fundamental role of the smart classroom is to support teaching and learn-
ing with appropriate technologies rather than introduce state-of-the-art ones,
and that the construction of the smart classroom should be based on the in-
structional needs (Hu et al., 2019). In the meantime, schools and communi-
ties should make more investment in the construction and maintenance of
digital infrastructure to ensure the stable, normal enactment of the smart
class. Also, more in-depth conversations about the definition of the smart
classroom in academia are required in order to generate a widely accepted
conception of it and develop relatively uniform evaluation standards accord-
ingly.

According to our survey, the smart classroom has been applied to all
education levels and multifarious disciplines. Researchers have investigated
teachers’ and students’ attitudes towards the use of the smart classroom and
explored the effects of various instructional models in the smart teaching en-
vironment. Our review reveals that, despite its challenges, the smart class-
room generally yields positive effects. However, it is crucial to consider the
interactions between various technologies within the smart classroom, given
its complex technological composition and mutual dependence. Among all
the factors influencing the smart classroom'’s outcomes, the teacher's educa-
tional philosophy and teaching methods have the most significant impact,
not only on the quality of instruction but also on the academic progress of
students. To further improve the application outcomes of the smart class-
room, it is imperative to provide smart class training to teachers to increase
their competence in this regard. Furthermore, the design of smart class-based
teaching activities, a crucial step in implementing the smart classroom, re-
mains largely unexplored in existing research, a factor that significantly in-
fluences the smart class's effectiveness in improving teaching quality and
boosting student academic achievements. Therefore, to fully meet the in-
creased needs of education, future smart classroom research should concen-
trate on exploring the principles, methods, and evaluation criteria for design-
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ing instructional activities in a smart teaching setting, fully utilizing smart

classroom technologies.
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