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Abstract

This study's objective was to describe students' problem-solving skills. The purposive selection method was
used to pick the sample from among 65 participants from 11 classes. Data are gathered via a test of problem-
solving aptitude. Its four indicators are problem identification, problem formulation, problem resolution, and
problem assessment. Project-Based Learning (PjBL) in Science, Technology, Engineering, and Mathematics
(STEM) is increasing efficacy, creating meaningful learning, and influencing student attitudes toward future
career pursuits. Project-based learning with a STEM focus causes learning (PjBL). Students' abilities to plan,
communicate, solve problems, and come to the best judgments from the difficulties presented are all improved
by the learning. Students' abilities to plan, organize, negotiate, and make agreements about the tasks to be
completed, who is responsible for each activity, and how the information will be gathered and presented can
be developed through this learning.

Keywords: project-based learning (PjBL), science, technology, engineering and mathematics (STEM),
physics education, problem-solving.

Crigpixosa JK.K.!, Hayma6ekos XK.A.!
LAGaii areingarsl Kazak YITTBIK IeJarorvKaiblK YHUBEPCHUTETI, AnMarh K., Kazakcran
MEKTEIITE ®U3UKA ECEIITEPIH TAJIJIAY KOHE HIELITY YIIIH STEM OKbBITY /1bl
KOJIJAHY

Anoamna

By 3eprreyain MakcaTtbl opTa MEKTEN OKYLIBUIAPHIHBIH (DU3MKANBIK €CEeNTepiAi MICHly IaFIblIapblH
cumarTay. 3epTTey KyMbIchiHa 11 CBIHBINTAH 65 OKYIIbI TAaHIANBII aJbIHABL. MoniMeTTep mpoOiieMaHsbl Ielry
KaOlJIeTIH TeKcepy apKbLUIbI )KuHaaAbl. OHBIH TOPT KOPCETKIII — MAOCEJICH] aHBIKTAY, MOCENIEH] TYKBIPBIMIIAY,
MOCEJICHI LIENly >KoHE MaceyieHi Oaranay. FbUIbIM, TeXHONOTHs, MHXeHepus xoHe maremaruka (STEM)
callaChIHJIaFbI Ko0ara Herizuenred okpITy (PjBL) THIMIUIIKTI apTTHIpaabl, MAa3MYHIBI OKYIbI XKacalIbl JKoHe
OKYIIBLIAp/IbIH OOJIalaK MaHCANTHIK YMTHUIBICTAPbIHA JIeTeH Ko3KapachiHa acep erenai. STEM dokycel Oap
OKBITY >K00anbIK OKbITYAbl Tyxaelpansl (PjBL). OxymbumapneiH kocmapiiay, KapbIM-KaThIHAc kacay,
npodJeManapbl MeNly XoHe YChIHBUIFaH KUBIHIBIKTApAaH €H JKaKChl NaibIMaaysap xacay KadlieTTepi oKy
apKBUTBI JKaKcapaabl. OKyIIbIIAp/AbIH Kocnapiay, YHBIMAACTHIPY, KeJicco3ep KYPridy *oHe OpbIHAATATHIH
TarcelpManap Typaibl, opOip opekeTke KiM kayanm OepeTiHi XoHE akKMapaTThH Kallail IKWHAIIBIIL,
YCBIHBUIATBIHBI TYPaJIbl KeJIiciMaep jkacay KabijeTTepiH OChbl OKBITY apKbUIBI JaMbITyFa 0OJIa bl

Tyiiin ce3nep: XKobara Herizaenren okpiTy (PjBL), FEUIBIM, TEXHOJOTHS, WHXEHEPHS )KOHE MaTeMaTHKa
(STEM), dpusukainbik Oi1iM, ecenTep mbFapy.

Crigpixosa JK.K.1. Hayma6exos K .A.
'Kazaxckuil HAIIMOHAJIBHBII TIeJarOTHYECKUi yHUBEpCUTET MMeHn AGas, r.Anmarel, Kazaxcran
NPUMEHEHHME STEM OBYUEHUSA U151 AHAJIN3A U PEHIEHUSA
OU3NYECKUX 3AJIAY B IKOJIAX

AnHomayus
Lenp 3TOro ucciaenoBaHusl COCTOSTIa B TOM, YTOOBI OMMCATh HAaBBIKM PELICHUs] MPOOJEM Yydaluxcs
CTapmIuX KjaccoB. MeTomoM IieneHanpaBiIeHHOro oToopa Obuta oTobpaHa BeIOOpKa U3 65 ygacTHUKOB u3 11
KJaccoB. JlaHHbIE cCOOMPAIOTCS C TIOMOIIBIO TeCTa CIIOCOOHOCTH pemarh npobieMbl. Ero ueTsipe nHIMKaTOpa
— uaeHTUUKauus npodiaeMbl, (OPMYJIUPOBKA MPOOJIEMBbI, pElIeHHEe NpoOJIeMBbl M OLEHKa MPOOJIeMBbI.
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[MpoexktHOe 0Oyuenue (PjBL) B 0OmacTy eCTECTBEHHBIX HayK, TEXHOJOTHH, WHXXCHEPHUH U MaTEMaTHKU
(STEM) mnoBsimaet 3¢ ¢GeKTHBHOCTh, CO3[a€T 3HAYMMOE OOyYEeHHE M BIUSET HAa OTHONICHHWE yYaIluXCs K
Oynymieit kaprepe. O0yuenue, oprentrupoanHoe Ha STEM, co3maet o0yuenue Ha ocHOBe mpoekToB (PjBL).
CriocoOHOCTH y4aluxcsl IUIAaHUPOBAaTh, OOIIATHCS, PEIIaTh MPOOIEMBI M TPUXOIUTh K ONTUMATBHBIM
BBIBOJIAM U3 MPEJCTABICHHBIX TPYJHOCTEH yNydIIAlTcs B pe3ynbTare oO0ydeHus. C MOMOIIBIO 3TOTO
00yYCHHUSI MOXXHO Pa3BUTh CHOCOOHOCTH Y4YalllMXCsl TUIAHHPOBAThH, OPraHU30BHIBATH, BECTH TEPETOBOPHI U
JIOTOBApUBATHCS O 33]]a4aX, KOTOPbIE HEOOXOMMO BBITIOIHUTH, O TOM, KTO HECET OTBETCTBEHHOCTh 32 KaXKI0¢
neiicTBre, M 0 TOM, Kak OyAeT COOMpPAaThCS U MPENCTABIATHCA HHPOPMAIIHSL.

KaioueBbie cioBa: mpoektHoe oOydenme (PjBL), Hayka, TexHONOTHS, WH)XKCHEpHs] M MaTeMaTHKa
(STEM), oOy4enue ¢pusmke, peuicHue 3a1a4.

Main provisions

Based on the study's findings, physics education students demonstrate advanced problem-solving
skills, particularly in problem recognition and strategy planning, with strong implementation skills
noted as well. However, their ability to evaluate solutions shows moderate development at this stage.
The integration of Project-Based Learning (PjBL) in STEM-focused physics education is
recommended for fostering collaborative teamwork and individual accountability. PjBL enables
students to apply theoretical knowledge to real-world STEM challenges, promoting interdisciplinary
learning across STEM fields. This approach prepares students for careers requiring integrated
problem-solving skills. Effective implementation of PjBL necessitates teacher training, resources for
project design, and diverse assessment methods to evaluate both collaboration and individual
contributions.

Introduction

In recent years, physics problem-solving skills have attracted the attention of researchers. There is
because prospective 21st-century teacher students are required to develop and master a variety of
skills, including the capacity to solve problems. The goal of contemporary education is to produce
student teachers who are capable of resolving issues that arise in both their personal and professional
lives. They would have been expected to discover an easy solution to the issue as aspiring instructors.
One of the 21st-century abilities on which physics learning is concentrated is the capacity for
problem-solving. Students who are pursuing careers as professional physics teachers should be
provided that material [1].

As aspiring teachers, students must possess the core skill of problem-solving. If students can use
their fundamental knowledge to solve issues, they are said to be successful learners. Mathematical
equations and techniques are not the only quantitative aspects of problem-solving that are stressed.
However, it also places a strong emphasis on qualitative analysis components, such as selecting the
appropriate concepts and guiding principles [2].

By tackling challenges that have practical applications, kids may study science, math, and
engineering through STEM education. Application STEM education can be a substitute for scientific
instruction in 21st-century classrooms [3]. Students who are exposed to STEM subjects may be
encouraged to build, develop, and use technology while also developing their cognitive skills. STEM
may teach students how to use technology and their knowledge to develop innovations that solve
environmental problems [3].

Students are more likely to participate in activities that they believe are beneficial. In other words,
before making a concerted effort, students must and prefer to believe in their own ability to
comprehend the material. Students with strong self-efficacy feel they can effectively finish things.
Students with high levels of self-efficacy, according to Pintrich and de Groot (1990), are more likely
to persist with their goals. Furthermore, self-efficacy was identified as a major predictor of academic
achievement. According to certain studies [4], students that are immersed in a learning environment
that deals with real-life challenges tend to have good self-efficacy attitudes about the subject matter.
Furthermore, students should be involved in the learning process in terms of cognitive and behavioral
components, according to Linnenbrink and Pintrich's findings in 2003, for meaningful learning and
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increased self-efficacy. Other study discovered that STEM PjBL improves efficacy and promotes
meaningful learning through student-directed inquiry.

Finding the physics principles that apply to the problem is one of the important steps in addressing
a physics challenge. Students can be divided into two groups based on their problem-solving skills:
those with high talents and those with low abilities. High-achieving students frequently employ
arguments based on physics principles. They frequently assess potential solutions and make use of
visual aids. On the other hand, less capable students are more likely to rely on quantitative evidence,
such as the use of formulas to solve physics problems [5].

The steps involved in addressing physics issues include problem recognition, strategy
implementation, strategy planning, and solution evaluation. These stages have been adjusted based
on the problem-solving techniques proposed by Young, Freedman, Heller, and others. Table 1 lists
the indications for each of these actions. These indicators are altered versions of [4] and [5]. The
physics problem-solving skills utilized in this study are shown by this indication.

Table 1. Stages and Indicators of Physics Problem Solving Ability

Stage Indicator
Recognizing the problem Identify problems based on basic concepts
Planning strategy Determining the right concept for problem-solving
Create a troubleshooting trial procedure
Implementing strategy Solve problems according to plan

Perform data analysis based on experimental results

Evaluating solution Draw conclusions from the answers obtained and re-check the
results obtained

Science, Technology, Engineering, and Math (STEM) is one educational method that emphasizes
problem-solving. STEM education-based learning in mathematics. STEM stands for Science,
Technology, Engineering, and Mathematics, and it refers to an educational strategy. The science that
future teachers' pupils study in this instance is physics. The use of technology is a supportive tool for
teaching concepts and assisting pupils in understanding what they are learning. The goal of applying
engineering is to teach students how to create, put things together, sketch, and do other things so that
they may learn how to solve issues. The notion of science itself was also intended to be simplified by
mathematics in a more organized and numerical manner.

In order to learn STEM, students must focus on a number of different aspects of the learning
process, including: (1) posing questions and defining problems; (2) developing and using models; (3)
planning and conducting investigations; (4) analyzing and interpreting the data; (5) using
mathematics, information and computer technology, and computational thinking; (6) developing
explanations (in science) and designing solutions (in engineering); (7) engaging in evidence-based
arguments; and (8) obtaining, evaluating, and communicating data. Various techniques and learning
models may be used to promote the implementation of STEM in education. That is as a result of
STEM's integration. Numerous study findings describe PjBL, one of the learning models that may be
used in STEM education. PjBL can force pupils to use their critical thinking and academic skills to
solve difficulties [6].

PjBL is a problem-based learning approach that involves students in designing, solving problems,
making decisions, or doing research [7]. PJBL can assist students in finding solutions to the
difficulties presented, with a focus on the final products. Students' creations might take the shape of
concepts or physical objects. Individuals or organizations may solve problems and design products.
Working in groups can motivate students to collaborate while maintaining individual accountability
for their work.Students can also manage their learning autonomously in groups, depending on the
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needs of their individual groups. Students can apply science and technology in product finishing. So
that kids may comprehend indirectly how science and technology are used and help society.

The fact that students may select the tasks and activities they do during the learning process is
another feature of PjBL. As they participate in inquiry, active discovery, investigation, and decision-
making, students may be communicative and creative in the development of practical thinking.
Experience and experimenting in the actual world are the foundation of knowledge. Additionally,
PjBL makes learning relevant by tying new knowledge to previous experience. PjBL is a method that
encourages all students to engage to the fullest extent possible [8].

According to early study in the form of learnt observations, previously taught knowledge did not
develop problem-solving abilities. Explaining the physical facts that occurred and the theories that
underpin and help solve them facilitates learning. Order for pupils to be less prepared to identify and
address the challenges presented. Therefore, academics are interested in using the STEM-based PjBL
model to help physics education students exercise their problem-solving abilities [9]. The purpose of
this study was to characterize the problem-solving skills of students studying physics at the School
Physics Laboratory.

The adoption of PjBL was anticipated to be a substitute for traditional scientific education in the
twenty-first century. It is anticipated that STEM and PjBL will work together to help future physics
instructors develop their problem-solving skills. Pre-service teachers must receive training in this area
since they need to be able to solve problems in order to create engaging and fulfilling learning
experiences for their students.

The description you've provided outlines a research study in the field of physics education,
focusing on problem-solving abilities among physics course participants. Here's a breakdown of the
key components and methodology of the study:

The primary goal of the study is to investigate and define problem-solving skills demonstrated by
students enrolled in physics courses. The aim is to gain a comprehensive understanding of the
intricacies involved in these skills and identify factors that contribute to their growth and
development. The study employs a quantitative descriptive technique. This suggests that the research
will primarily focus on collecting and analyzing numerical data to describe and understand the
problem-solving abilities of physics students.

The study employs tests and surveys as data collection instruments. These tools are specifically
designed to evaluate how proficient physics students are in solving problems. It's crucial to note that
these instruments are quantitative in nature, implying that the data collected will consist of numerical
scores or responses to structured questions.

The researchers use a purposeful sampling technique to select participants for the study. This
means that they intentionally select students from the physics curriculum at various levels. The
purposeful sampling approach allows the researchers to focus on specific groups of students that are
most relevant to the research objectives.

The instruments chosen for data collection are tailored to assess problem-solving abilities in a
range of physics-related contexts. This suggests that the study aims to explore how well students can
apply their problem-solving skills in various scenarios within the field of physics.

Given the quantitative nature of the data, the analysis will likely involve statistical methods to
describe and summarize the problem-solving skills of the participants. This may include calculating
means, standard deviations, and other relevant statistical measures.

Overall, this research study seeks to provide a quantitative description of problem-solving skills
among physics students. It uses purposeful sampling, specifically designed instruments, and
quantitative analysis techniques to achieve its research objectives. The findings of this study could be
valuable for educators and curriculum designers in improving physics education and enhancing
students' problem-solving abilities in the field of physics.
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Research methodology

This study uses quantitative descriptive methods. A variable or circumstance is intended to be
described, interpreted, or explained in descriptive research. The purpose of this study is to describe
the problem-solving skills of students studying physics at the School Physics Laboratory. The 65
participants in this study were all 2022 physics education students. Two classes made up the research
subjects, and the purposive selection method was used to choose the sample. The research time was
spent throughout the first and second terms of 2022.

The method of gathering data was done using a test of problem-solving skills. The tool has four
indicators: identifying problems, formulating solutions, resolving issues, and assessing issues. The
percentage score obtained from the computation of the Likert scale was employed in data analysis on
a questionnaire. By assigning a score with a specified weight, the Likert scale has been used to gauge
people's attitudes, views, and perceptions of an event. Equation 1 was employed to determine the
average percentage.

P=L.100% (1)

P stands for the percentage average, f for the total score based on student opinions, and N for the
highest possible score based on student perceptions. Table 2 [10] provides confirmation of the
perception category of the pupils and the category of students' satisfaction.

Table 2. The Category of Students' Satisfaction

Percentage average Criteria
85 -100 Very high
70 -84 High
55-69 Moderate
40-54 Low
0-39 Very low

According to Table 2, analytical results are considered good if they have a value of 70.

Results of the study

The study was conducted as part of School Physics Laboratory instruction. Simple, yet relevant to
the issue that arises in daily life, problems were given to the students. These issues take the shape of
commonplace, straightforward physical facts. Students were also instructed to use the PjBL model to
address similar challenges. Figure 1 depicts a sample of a problem that students were given.

Figure 1. A straw is placed so that it stands vertically in a bowl! of water
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Task example: A straw is placed so that it stands vertically in a bowl of water. A second straw is
placed perpendicular to the first. As you blow air into the second straw the level of water in the
vertical straw rises, as shown in the figure. The straws are identical and have a diameter of d = 0.64
cm and length L = 20 cm. You are able to exhale 1.2 litres of air through he horizontal straw in 2
seconds, and the density of air is 1.29 kg/m?.

a) Determine the speed of air v exiting the horizontal straw.

b) Solve for the pressure at the end of the straw where the blown air exists. Explain your reasoning
for the values you use for each term in Bernoulli's equation (and any other equation(s) that you may
use).

c) Solve for the height that the water rises in the vertical straw (labeled h in the figure above).

d) If you can maintain blowing the same volume of air in the same amount of time, how does the
height of water change when you switch to a set of straws having half the diameter as before? That
is, how does the water height depend on diameter of the straw? Explain your logic.

e) Given that the viscosity of air is 2-10 Pa- s, what is the pressure difference required to blow
1.2 litres in 2 seconds through the straw?

In essence, the project-based learning approach aims to find solutions to challenging issues. In
order to perform investigations and comprehend difficulties, this model is necessary[11]. PjBL is
used in the classroom by splitting the students into various groups. Eight persons make up each group.
Working in groups can motivate students to collaborate while maintaining accountability for their
work. Additionally, students are able to independently regulate their learning according to the needs
of each group member [11].

Process evaluation and evaluation of learning outcomes are carried out while applying the PjBL
paradigm. Student progress reports on successful projects are used to evaluate processes in the
classroom. A problem-solving ability instrument with four indications is used to evaluate the
outcomes. That is problem-spotting, problem-solving, problem-solving, and evaluation. Table 3
displays the findings of the examination of physics education students' capacity for problem-solving.

Table 3. Results of Problem-solving Ability Analysis

Stage Indicator Percentage | Criteria
Recognizing the problem Identify problems based on basic concepts 84 High
Planning strategy Determining the right concept for
problemsolving 86 Very high
Create a troubleshooting trial procedure

Implementing strategy Solve problems according to plan
Perform data analysis based on experimental 77 High
results

Evaluating solution Draw conclusions from the answers obtained 69 Moderate
and re-check the results obtained

Average 79 High
Discussion

Students were given a problem to solve after being given the problem. The number of problem
agendas that are pertinent to the given problem that can be identified by the students is unlimited.
Students were free to gather pertinent data by reading books, looking at things, speaking with experts,
or doing their own experiments. Students are also given freedom and flexibility to create project plans
that will work. Students plan how their project will go in groups.

Students create a schedule for the project's completion in order for it to be finished on time. At this
point, students' problem-solving abilities have been honed to critical thinking, and they are proficient
at estimating what needs to be done in terms of preparation and manufacturing so that the project may
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be finished on schedule. After creating the timetable, the following stage is to keep an eye on the
project's development. This checks to determine if the project has been proceeding as expected.
Students can use science and technology to their advantage in order to complete the project, which
will help them grasp the uses and advantages of science and technology in daily life [11]. Students
can learn how to apply their knowledge to use technology to tackle problems related to the
environment by using science and technology in the classroom.

According to Table 3, pupils have a high level of recognition for the given issue. This is due to the
fact that students were given straightforward issues that had real-world applications. in order for kids
to recognize issues based on physics fundamentals. The capacity for strategy planning is very strong.
Students can now choose the principles that will be applied to the situation at hand and design
experimental methods to address it. Students can decide who will carry out the work stages and
solutions, as well as the order in which they will be carried out. Furthermore, a high level of
application of the technique is attained. At this point, students are capable of resolving issues using
the experimental techniques they have gathered. Students collaborate to solve problems at this stage,
but they are still each accountable for their own effort. The students carried out the experiment,
collected the data, and then analyzed it. The kids' capacity for data analysis is very strong at this point.

The ability to assess the answer is currently at a reasonable level. At this point, students have a
moderate level of proficiency in drawing conclusions from the results they have found. This is due to
the fact that students merely draw conclusions from their experiment results and fail to relate them to
the experiments' intended goals or to the physics principles that were employed to arrive at those
conclusions.

According to data analysis findings, students studying physics education who participate in
STEM-based PjBL learning have highly developed problem-solving skills. It is in line with earlier
studies [12] and [13] that suggested the PjBL paradigm might enhance students' problem-solving
skills. Another study by [13] revealed that using a STEM approach to teaching could enhance
students' capacity for problem-solving.

Students get the chance to use science, math, and engineering to solve real-world problems through
the use of PjBL that is STEM-based. Additionally, through group cooperation, students actively
participate in ill-defined tasks that result in well-defined outcomes [14]. Students can use prototyping
and science-based design to solve challenges through PjBL learning that is STEM-based. Students
are urged to use more scientific creativity when solving problems once they have practiced using the
four STEM disciplines [15]. Students who have developed problem-solving skills will be better able
to use their ability to its fullest.

The culmination of this STEM-based PjBL learning is a presentation of the findings from the
students' project assignments. The researcher determined the students' proficiency with technology
based on the outcomes of the project presentation. When describing the problem-solving process, it
appears that video editing was used in the presentation of project findings.

By implementing PjBL in multiple disciplines, students can also benefit from interdisciplinary
learning experiences. They can see how concepts from different subjects can be integrated to solve
complex problems, mirroring the real-world challenges they may encounter in their future careers.
It's important for educators to receive appropriate training and access to resources when implementing
PjBL effectively.

This includes designing meaningful projects, assessing student progress, and managing group
dynamics. Professional development opportunities and collaborative planning can support teachers
in adopting this approach. Consideration should be given to how student learning is assessed in PjBL.
Assessment methods should align with the learning objectives and may include project presentations,
written reports, peer evaluations, and individual assessments to measure both collaboration and
individual performance.
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Conclusion

Based on the study's findings, it can be said that physics education students have highly developed
problem-solving skills. Four markers of problem-solving competency are present: a) problem
recognition; b) strategy planning; c) strategy implementation; and d) solution evaluation. The
students' skills are at a high level at this point in the process of identifying the issue. The pupil has
very good ability in terms of planning and strategy.

Students abilities are at a high level when implementing the method, and they are at a moderate
level when evaluating the solutions. STEM-based PjBL instruction can prepare students to use
technology to apply their knowledge to solve environmental concerns. The additional information
you've provided highlights the use of Project-Based Learning (PjBL) as a teaching approach in the
context of physics education. Here are some key points to consider: PjBL encourages collaboration
among students, where they work together on projects or problems. However, it's important to
emphasize individual accountability within group projects. This ensures that each student contributes
meaningfully to the project and learns from the experience. Individual assessment criteria can be
established to measure each student's contribution.

Using PjBL with a STEM focus in the context of physics education aligns with the interdisciplinary
nature of STEM fields. It allows students to apply their knowledge and problem-solving skills to real-
world, STEM-related challenges, enhancing their understanding and engagement. The suggestion to
employ STEM-based PjBL in other disciplines or courses that share similarities with the School
Physics Laboratory is a valuable idea. PjBL can be adapted and applied to various subjects, not just
physics. It's effective for promoting critical thinking, problem-solving, and collaboration in diverse
educational contexts.

In summary, STEM-based Project-Based Learning is a valuable approach that encourages
collaboration, critical thinking, and problem-solving skills in the context of physics education. Its
applicability to other disciplines can enhance interdisciplinary learning and prepare students for the
challenges of the modern workforce. However, successful implementation requires careful planning,
teacher support, and a focus on both collaboration and individual accountability.
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