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ABSTRACT

STEM, which improves students' academic achievement as well as 21st century skills such as
analytical and creative thinking, problem solving, and collaborative working skills, provides a link
between school, workplace, society and the global economy. In the STEM approach, students are
expected to solve real-world problems by using science, technology, mathematics and engineering
in an integrated manner. Although the STEM approach is included in the education system of many
countries, it is known that there are still problems in its implementations. The purpose of this study
is to develop an exemplary STEM lesson plan that will shed light on teachers who will apply the
STEM approach in their classrooms. The 5E model was used in the plan developed for the study. In
the 5E model, which consists of five steps: engage, explore, explain, elaborate and evaluate, the
most appropriate step for the STEM scenario is the elaborate step. Because the elaborate step is
the step that the information learned in the previous stages will be used in solving the new
problem. In this step, a scenario involving a real-world problem is given. In STEM practice, real-
world scenarios, which can be difficult for teachers to prepare, should be used to encourage
students and realize meaningful learning. While preparing the scenario, criteria and limitations
must be included. It should be payed attention to ensure that there is not only one solution to the
problem. The STEM scenario prepared for this study was developed with a focus on hydrostatic
pressure in the 1st unit of science course for middle school 8th grade students. The same scenario
can be used and modified according to the level for preschool, primary, high school and university
students at different levels. For example, at the high school level, it can be associated with gains in
physics concepts such as balance, static, and tensile force. At the university level, it can be focused
on a certain acquisition, or it can be left to their creativity to design bridges in very different
structures.

Keywords: STEM, STEM scenario, STEM practice, lesson plan.

1The STEM lesson plan developed for this study was used in the "Let's STEM It" Erasmus+ project numbered "2019-1-TR0O1-
KA201-076730" and was included in the learning module of the project.
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INTRODUCTION

The rapid development in science and technology influencing societies in social, economic and technical fields
has brought along new requirements in the field of education (Lawrenz et al., 2017). It is thought that the
economic growth of China and other East Asian countries in recent years is related to the importance they attach
to science, technology, mathematics and engineering in their education systems. This situation has been carefully
handled by the USA, which is leaving its place in economic leadership to these countries (Akglindiiz et al., 2015).
With these developments, many reports have emerged to try to determine life, career and learning skills describe
the skills which are necessary to be successful in the 21st century world (Morrison, 2018). These reports
emphasize that the 21st century skills of students who will form the future workforce should not only be basic

skills but also practical skills that enable the use of these skills (Phuseengen & Singhchainana, 2022).

Science, mathematics, technology and engineering (STEM) disciplines are the first to come to mind in gaining
21st century skills such as research, questioning, decision making, creativity, critical and analytical thinking (Lacey
& Wright, 2009; Yamak, Bulut & Diindar, 2014). STEM is defined as a driving force for the qualified workforce to
be trained in the fields of science, technology, engineering and mathematics. Through STEM education, citizens
with developed logical thinking and creative questioning will be raised who will not leave their countries behind
other countries and will protect the competitiveness of the country (Breiner et al., 2012). It is said that STEM,
one of the biggest reforms of recent years, emerged in the USA in 2001 with Judith Ramaley (Daugherty, 2013;
Yildirim and Altun, 2015). According to Ramaley, STEM is educational research where opportunities are created
for students to solve real-world problems (Daugherty, 2013). There are two main reasons for the emergence of
STEM education in the USA. The first of these is the decrease in the desire of US students to science, technology,
mathematics and engineering (Sanders, 2009). The second is that the USA does not want to lag behind countries

that are gaining momentum in terms of science and technology in the international arena (NRC, 2011).

There is no universally accepted definition of STEM. For some, STEM is a restructuring of education in the fields
of science, technology, engineering, and mathematics, while for some, over-concentration on just a few lessons,
for others, it is an approach in which students work collaboratively by integrating science, technology,
engineering and mathematics to solve real-world problems in scientific ways (the last one is adopted in this
article). STEM is much more than a new way of teaching mathematics and science and should affect all lessons
(Bender, 2018; Bybee, 2010b; Rogers & Postmore, 2004). According to Paez et al. (2019), the product formed as
a result of the integration of science, technology, engineering and mathematics disciplines is more than the sum

of these four disciplines seperately.

In addition to academic success, students taking STEM education also improve 21st century skills such as problem
solving, innovation, creativity, self-confidence, logical thinking, technological literacy, communication,
systematic thinking, career awareness, and critical thinking (Bybee, 2010a; Bybee, 2010b; Grier et al., 2008;
Hansen, 2014; Morrison, 2006; Shirey, 2018; Stohlmann et al., 2012; Vega, 2012; Winarti et al., 2021).
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e Instructional principles emphasized for STEM classes are as follows (Bender, 2018, p.6):
e  Real world problems

e Engineering design cycle

e Open-ended and applied inquiry

e Collaborative working

e High-level math and science content

e Allowing more than one correct answer

e To encourage students to learn by learning from their mistakes.

STEM consists of fields that are very close to each other, including science, technology, engineering and
mathematics. While mathematics is used as a tool in the data processing process of science, technology and
engineering is the application of science (Syukri et al., 2021). Among the disciplines that make up STEM, the
discipline that is most likely to experience difficulties is engineering. For example, as a result of a study conducted
with pre-school teachers, it was determined that pre-service teachers have stereotypical thoughts that
engineering is a dirty job and engineers are male workers working at construction sites, carrying sand (Karademir
& Yildirim, 2021). In the same study, they stated that STEM education on construction and computer engineering
skills of preschool teachers would make them better equipped. Accordingly, it can be said that the engineering
discipline part of STEM is not perceived as an engineering design cycle by pre-service teachers. The engineering
design cycle is shown in Figure 1. Accordingly, the engineering design cycle seen in Figure 1 begins with the
problem definition step. In the second step, necessary research should be done to solve the problem. In the third
step, at least two solutions are developed considering the criteria and limitations. In the fourth stage, the best
solution is chosen by considering the criteria and limitations. In the fifth stage, the prototype is drawn by paying
attention to proportioning, labeling and coloring. In the sixth stage, the product is developed, tested and
optimized. In the last stage, the developed product is shared with others. Different methods can be chosen in
determining the required budget. For example, while it is allowed to use an amount determined by the teacher
for each group, in another method, the same materials can be given to each group and asked to create products

using only these materials. Or the budget part can be left completely free.
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Q

Figure 1. Engineering Design Crycle (URL1)

Although the STEM approach is included in the education system of many countries, it is known that there are
still problems in its implementation (Ak¢a & Besoluk, 2023; Dare et al., 2018; Goodwin & Hein, 2014; Holincheck
& Golan, 2022; Khuyen et al., 2020; Kinik Topalsan ve Akkoyun, 2022; Shernoff et al., 2017; Tao, 2019). For
example, Holincheck and Golan (2022) found that teachers have complex concepts about the implementation of
STEM in classrooms. Shernoff et al. (2017) found as a result of their studies that teachers believed that they were
not sufficiently equipped for the in-class application of STEM. As a result of a study conducted with 186
Vietnamese teachers, inexperienced teachers had much more positive attitudes towards STEM education than
experienced teachers. And regarding the difficulties in the implementation of STEM, it was determined that there
was no significant difference between the two groups (Khuyen et al., 2020). As a result of another study
conducted with 93 science teachers in Indonesia, it was found that teachers believed that their attitudes towards
STEM were quite good, moderately good in practice, and low in STEM knowledge (Parmin et al., 2020). As a result
of the systematic analysis of studies on STEM, Margot and Kettler (2019) stated that although teachers think that

STEM education is beneficial for children, they also think that there are many difficulties in STEM applications.

The difficulties experienced by teachers regarding STEM practices should be taken very seriously. Because the
disconnected and problematic perspectives on STEM extend from teachers to students (Kelley & Krowles, 2016).
Margot and Kettler (2019) suggest that teachers should be given opportunities for the integration of STEM fields
and their professional development in this regard. Suggested strategies to improve teacher quality in STEM are
purpose-oriented curriculum, motivation and guidance to teachers (Syafril et al., 2021). Eren and Dékme (2022),
as a result of their studies evaluating STEM applications used in science education, stated that it would be
beneficial to create guide application guides for the more widespread use of STEM applications in science
education. Again, as a result of their research, Lamberg and Trzyradlowski (2015) stated that teachers need

resources for planning STEM practices. According to the knowledge map developed by the researcher based on
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the relevant literature review, it is seen that planning is related to almost all concepts (Figure 2). Accordingly, the
primary goal of STEM practices, which has an important place in the education systems of all countries in global
competition, should be to train teachers and provide resources. In this context, studies that will eliminate the

confusion about STEM applications and can be a source for teachers gain importance.

In the literature, there are studies related to STEM lesson plan. However, when these studies are examined, it is
seen that the majority of them are studies that examine the plans made by teachers or pre-service teachers as a
result of a training (Aykan & Yildirim, 2022; Bozkurt Altan & Ucuncuoglu, 2019; Han et al., 2015; Maicorca &
Mohr-Schoeder, 2018; Mumcu, Uslu & Yildiz, 2023). For example, Mumcu, Uslu & Yildiz (2023) stated that 40
teachers from different branches prepared acceptable STEM plans as a result of their collaborative work after
the training they attended. In the study of Maicorca and Mohr-Schroeder (2018), it was determined that most of
the teachers who took STEM education integrated mathematics and engineering in their plans, and only three
participants were able to integrate science, mathematics and engineering. Very few of the studies on the STEM
lesson plan are about how the STEM plan should be. When these plans were examined, it was seen that the
planning process was given in detail, but no sample plan was given. For example, although Ceylan and Ozdilek
(2015) explained in detail how the STEM lesson plan should be prepared according to 5E model, the scenario was
not used for the STEM problem to be done in the elaborate step. Again, only the multiple-choice test was
included in the evaluation step, STEM product and process evaluation were not included. Again, in the studies of
Winangun and Fauziah (2019), the process was explained in detail, but the sample plan was not included. In this
context, this study, which aims to develop an exemplary STEM lesson plan that will shed light on teachers and
pre-service teachers, is different from the studies in the literature and it is thought that the deficiency in the

literature will be eliminated with this study.
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Figure 2. Information Map of STEM Practice

METHOD

Firstly, since this study does not require "ethics committee approval", "ethics committee approval" was not

obtained. This study is a case study of how to be a good STEM plan example. In the study, first of all, a needs

analysis was made from the data collected through document review. In the needs analysis to develop a STEM

plan, the path followed in the analysis of the studies to be examined is as follows:

1) Determination of the criteria: The studies to be examined should be related to the personal problems

experienced by teacher/pre-service teachers in STEM practices, they should be of Turkish origin, they should be

one of the types of thesis, article, presentation, and the full text should be accessible. A date range was not

determined for the selection of the studies.
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2) Determination of keywords: Turkish was determined as “STEM application”, “FeTeMM application”, “teacher”,

“pre-service teacher” keywords.

3) Determination of databases: Publications in Google Scholar databases were scanned. Google Scholar is one of
the largest known open access databases. The reason why Google Scholar was chosen as the database is that,
since the sample of the plan to be developed will be prepared for teacher/pre-service teachers, anyone who

wishes can easily access the studies that have been reviewed.

4) Weeding out duplicate studies.

5) Analysis of studies.

Accordingly, twelve scientific studies that met the criteria were examined.

An example of a STEM lesson plan was developed considering the results obtained to determine the main
problems of teachers in the needs analysis, the knowledge map developed as a result of the literature review
(Figure 2) and Akarsu et al.s criteria (2021) which are (i) to include real life problems, (ii) to relate
interdisciplinary, (iii) to be student-centered, (iv) to be developed according to the engineering design process,
(v) to develop questioning and thinking skills (vi) providing communication opportunities to students within and
between groups, (vii) allowing the planned product to be designed many times, and (viii) providing evaluation

opportunities for the design.

The 5E model was used in the plan developed for the study. The 5E model can be used effectively in the teaching
process in STEM education (Bybee, 2019). The 5E model consists of five steps: engage, explore, explain, elaborate
and evaluate (Bybee, 2019; Bybee&Landes, 1990; Siizen, 2004). The engage step in which images, videos, stories,
questions, etc. were used for the purpose of attracting attention, arousing curiosity, checking for preliminary
information, informing about the aim, is followed by the explore step, in which the new information that will
lead to the target acquisition is discovered by the students themselves. In the third stage, the explain, firstly, the
students express the information they discovered in the previous step, verbally or in writing, and then the teacher
makes the necessary explanations. The elaborate step is the most appropriate step for presenting and solving
the STEM problem. In this step, students are given a scenario that includes a real-world problem, criteria and
limitations that they can solve using the knowledge they learned in the previous steps, and they are asked to
solve the problem in the scenario using science, technology, engineering and mathematics disciplines together.
In the evaluate step, which is the last step, STEM product and the degree to which the students have achieved
the target achievement are evaluated with rubric, open-ended questions, self-assessment, peer assessment,

concept map, etc.
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FINDINGS

The results of the analysis of the findings of 12 studies originating in Turkey, which investigated the personal
difficulties experienced by teacher/pre-service teachers during the implementation process, are shown in Table

1.

Table 1. Results of the Analysis of the Findings of 12 Studies Originating in Turkey, Investigating the Personal
Difficulties of Teachers/Pre-service Teachers during the Implementation Process

Categories Study code f %

Engineering Design Process S1,S2, S3, S4, S5, S6, S7, 9 56
C8,C12

Interdisciplinary Integration S2, S5, S6, S8, S9, S10, 7 44
S11

Total 16 100

According to Table 1, nine of the examined studies mention the difficulties experienced in the engineering design
process during STEM applications, and the difficulties experienced in interdisciplinary integration in seven of
them. For example, in the study coded as S12, it was revealed that “classroom teachers do not perceive the
engineering design method as a teaching method and their knowledge about the engineering design method is
insufficient”. This study was coded as the problem experienced in the engineering design cycle. The graphical

representation of the needs analysis results is also shown in Figure 3.

PROBLEMS EXPERIENCED BY TEACHERS/PRE-SERVICE TEACHERS
REGARDING STEM PRACTICES

M Engineering Design Process S1, S2, S3, S4, S5, S6, S7, S8, S12
M Interdisciplinary Integration S2, S5, S6, S8, S9, S10, S11

Figure 3. Problems Experienced By Teachers/Pre-Service Teachers Regarding STEM Practices

Accordingly, taking into account the results of the needs analysis mentioned in the method section, the
information map developed by the researcher (Figure 2) and the criteria used by Akarsu et al. (2021), a sample
STEM lesson plan was developed by researcher. The plan consists of two stages. The first stage is the formal part

and the second part is the operational part. In the formal part of the plan given in Figure 4, there are explanations
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about duration, outcomes specific to the four disciplines that make up STEM, and STEM career awareness. After

the preparation of the formal part, the process of the lesson starts.

Grade :8th Grade
Subject / Concepts: Hydrostatic Pressure Time Range :8 lesson

OBJECTIVES

- Be able to give examples of applications of pressure properties of solids, liquids and
Science gases in daily life and technology (Liquids pressure is covered in this lesson plan) .

- Be able to solve problems related to the field.

Math - Be able to solve problems related to right and inverse proportion.

Technology | - Be able to predict possible changes that may be caused by technological progress
and - Be able to complete the steps in the engineering design cycle completely
Engineering

-Costruction Engineering: A construction engineer is a type of civil engineer who
plans, directs, and supervises large construction projects. Most construction
engineers specialize in a specific type of project such as commercial buildings, heavy
highway (bridges, tunnels, and underground wastewater plants), mechanical systems,
or electrical (URL2).

-Transportation engineering: Transportation engineering or transport engineering is
STEM the application of technology and scientific principles to the planning, functional
design, operation and management of facilities for any mode of transportation in
order to provide for the safe, efficient, rapid, comfortable, convenient, economical,
and environmentally compatible movement of people and goods transport (URL3).
-Environmental engineering: Environmental engineeringis a job type that is a
professional engineering discipline and takes from
broad scientific topicslike chemistry, biology, ecology, geology, hydraulics, hydrology,
microbiology, and mathematics to create solutions that will protect and also improve
the health of living organisms and improve the quality of the environment (URL4)

Career
Awareness

Figure 4. The Formal Part of The STEM Lesson Plan

In the operational part of the plan, the activities to be done throughout the course are planned in accordance

with the 5E model. Before proceeding with the course, the students are divided into groups of 4-5 each.

First Step/Engage

(In this part, preliminary information is polled, attention is drawn and the target is informed. Teacher can use

some photographs, videos etc. to keep students’ attentions).

The teacher can ask questions about the concept of pressure they learned in previous lessons to check the
background and show some photos of fluid pressure to get the students' attention. It can inform the target
directly or indirectly. For example, by using the pictures below (Figure 5), you can inform indirectly saying “by

the end of this lesson, you will learn how the vehicles you see the pictures of work”.
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Figure 5. Some Tools That Works On Pascal Principle (URL5)

Second Step/Explore

(In this part, students should explore the concepts, theory, etc. about the outcomes through various activities).

How do water presses, compression systems (hydraulic brakes, hydraulic presses, spray pumps), transport
systems (hydraulic lifts, cranes, fire escapes, hydraulic lifting systems of bucket and dump trucks), suction-
discharge pumps, barber chairs work? How can auto mechanics lift huge cars easily off the ground with very little

force? Discuss with your group mates what the reason for all this is.

Each group is given a ping pong ball, a pin, water and a syringe with the needle removed. Students are asked to
use these materials to squirt water from the ping pong ball like a fountain. Students who cannot do the
experiment are asked to drill a few holes in the ping-pong ball, insert the syringe into one of these holes, fill the
syringe with the plunger removed, and then insert the plunger and pour the water into the ball. It is wanted from
students to observe the gushing water from the ball filled with water. What causes water to gush out of the holes
of the ping pong ball? Would we still encounter the same result if another liquid was used instead of water?

Group discussions are requested.

Third Step/Explain

(In this section, students first explain what they discovered in the previous section, either orally or in writing.
Afterwards, the teacher provides a description of the concept, theory, example, etc. that needs to be explained.
The information obtained by the groups as a result of the experiment and discussion is shared by the students.

Then the teacher makes the necessary explanation).

Pascal’s Principle

The compressibility of liquids is negligible. Thanks to this feature, liquids transmit the applied pressure equally in
all directions. In other words, the pressure created at any point of the liquid by the force applied to the liquids in
the closed container is transmitted perpendicularly to all the surfaces that the liquid comes into contact with.

This principle is called Pascal's principle. When the force is applied on the balloon with the holes opened, the
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pressure created in the liquid is transmitted to all the holes in the same way and the flow rates of the water

gushing out of the balloon are the same just like in ping pong ball.

By making use of Pascal's principle; water press, compression systems (hydraulic brakes, hydraulic presses, spray
pumps), transport systems (hydraulic lifts, cranes, fire ladders, hydraulic lifting systems of buckets and dump
trucks), suction-discharge pumps, barber seats, tools used to measure pressure (barometer and manometer) and
composite vessels were made (URL6). For example, large loads can be lifted by applying small force with a water
press (Figure 6). In auto repair shops, cars weighing tons can be lifted off the ground with a single button, thanks

to a water press.

Al

o1

SIvVi

Figure 6. Water Press (URL7)

With the help of hydraulic brakes used as a compression system, a small force is applied to obtain a large force
and the vehicle can be stopped. When the driver presses the brake pedal, pressure is created in the fluid called
hydraulic in the pipe with the effect of the force applied to the pedal, and this pressure is transmitted to the pads
thanks to this hydraulic. Since the surface of the pads is large, a greater force is obtained and this force
compresses the pads, causing them to rub against the inner part of the tires and slow down or stop the car

according to the pressure created (URL6).

With the same principle, compression by hydraulic presses, spraying pesticides with spraying pumps through the
force applied to the pump arm, lifting objects with the help of pressure created in the liquid by the force applied
to the liquid with the compressor in hydraulic lifts used as lifting systems and firefighter ladders, lifting truck
dampers, lifting and lowering barber seats, buses the opening and closing of the doors and the operation of the

buckets are provided.
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Fourth Step/Elaborate

(This stage is the stage of expanding what has been learned. Here, the scenario for the STEM activity is given and
students are asked to solve the problem in the scenario using the disciplines of SCIENCE, TECHNOLOGY,
MATHEMATICS and ENGINEERING and create a product).

The Aim Of This Activity

The purpose of this activity is that students design a bridge by using the knowledge obtained in science lesson

integrated with the gains of liquid pressure, mathematics, technology, engineering outcomes and skills.

Teacher gives the scenerio below.

Unlucky Village And Their Unlucky Children

Unlucky village, a poor fishing village, had one bridge which was only secure connection to the city. And
unfortunetelly it was was destroyed due to adverse weather conditions. This creates great problems for the
adults and children of the village. The river passing through the village and the city is connected to the sea. Since
the village is located close to where the river flows into the sea, both the depth is high and the flow is strong. But
this part of the village is the closest part of the city (300m). Children walk to the school and the villagers walk 7
km to the east every day and cross the unsafe suspension bridge in the area where the depth of the river is
minimal. But it is both dangerous and exhausting them. While the river water is normally (in autumn and
winter)10m, it increases by 1.5m in the spring with snow melting in the mountains. At the point where the village
is closest to each other, there is a distance of 5 meters between the water surface and the surface of the
settlement areas in autumn and winter. Unfortunately, the city administration remains insensitive to this
problem of the villagers. For these villagers who have financial problems, design a bridge that is as low-cost as
possible, environmentally friendly, energy-efficient, safe, long-lasting, where pedestrians and vehicles can cross

and fishing boats can sail without difficulty.

Engineering Design Cycle

(Students must perform the following steps)

e Identify the problem.

e  Prepare questions whose answers will help you to solve the problem. And reserach to answer them (20
minutes). Share them with teacher and class.

e  Find at least two solution for the problem. Each solutions must be written as description style such as
it will have four wheels, wheels’ radius will be 30 cm. etc. At this step, no solution should be superior
to another. Solutions should be alternatives to each other.

e Choose the best solution in group. At this step, when the best solution is choosen, groups must prepare

reasoned report explained why this solution is choosen in terms of some criterion (budget, energy
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saving, climate conditions, nature friendly, safety, durability, aesthetic etc). For example solution 1 is
better than solution 2 in terms of energy saving and eco friendly. Because in solution 1, we will use solar
energy. But solution 2 is better than solution 1 in terms of yield and budget. Because we will use coal.
We prefer solution 2, because we have very little money...Or we prefer solution 1, because we care
nature.

e Show reasoned report to teacher. If she confirm it, you can begin to draw prototype. When you are
drawing the prototype, you should pay attention to proportioning, use mathematicals sembols or

numbers, tags, coloring . Also you must explain the working principles on prototype paper.

Figure 7. A Prototype Drawing Example

e After the teacher confirmed prototype of groups, you can pass the next step-product creation and test

(If it doesn’t work, return to related step)

e And the final...Share your product with the orhers (In front of class or intergroups visitings)
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Figure 8. Sharing The Product

Fifth Step/Evaluate

(In this step, after the activity various assessment tools can be used to evaluation. For example you can use, open

ended questions, self assessment form, stem rubric and group assesment form etc).

In this plan, you can use the open-ended questions for learning outcomes and the rubric given in Figure 9 to
evaluate the STEM products developed. The STEM rubric can be used by both teachers and groups to evaluate

each other.

Open-ended Questions

1) Explain Pascal's principle.

2) Give examples from the applications of Pascal's principle and explain their working mechanism.

STEM
o
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T =] o o
%3 e i ! o o v = GRS’ = o
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Figure 9. STEM Rubric
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CONCLUSION and DISCUSSION

STEM connects school, workplace, society and the global economy while equipping students with analytical and
creative thinking, problem solving, and collaborative skills. Since many sectors are directly related to STEM fields,
it is gaining more and more importance in the economic development of countries. This makes STEM one of the
largest employers in the world (Science Foundation Arizona, 2017). From this point of view, it is very important
to include STEM in the education system, which will enable the training of qualified individuals that a country

needs for its development, leadership in the scientific field and economic growth (Lacey & Wright, 2009).

STEM education aims, STEM literacy, 21st century competencies, STEM workforce preparedness, and abilities to
make connections between STEM disciplines for students (National Reseach Council [NRC], 2014). With these
features, STEM education is becoming common in many countries (Lawrenz et al., 2017). In the STEM approach,
students are expected to solve real-world problems by using science, technology, engineering and mathematics

in an integrated way (Thomas, 2014).

When the literature is examined, due to the lack of knowledge and experience during STEM practices, teachers
encounter many conceptual confusions and problems, especially the holistic approach of STEM education (Dare
et al., 2018; Goodwin & Hein, 2014; Holincheck & Golan, 2022; Karademir & Yildirim, 2021; Khuyen et al., 2020;
Shernoff et al., 2017; Tao, 2019). An exemplary STEM lesson plan was developed in this study, which was carried
out in order to eliminate the difficulties experienced by teachers about how to implement the STEM approach.
A STEM-based program should guide students in solving real-life problems by enabling them to design,

experiment, structure, analyze, interpret, and integrate natural phenomena (Wang, 2012).

First of all, as a result of the needs analysis carried out to determine the problems experienced by the
teacher/pre-service teachers during STEM applications, it was determined that they had difficulties in the
engineering design cycle and interdisciplinary integration. A STEM application lesson plan was developed
according to the needs analysis results and the relevant literature. The 5E model is one of the best models
available for STEM practice. In the engage step, which is the first step of the 5E model, preliminary information
was checked, attention was drawn and the target was informed. In the second step, the explore step, it was
provided that students reached the concept, theory, etc. in outcomes. In the explain step, which is the third step,
first the students were provided to explain the information they discovered, and then the teacher made the
necessary explanations. Thus, access to scientific information that will be needed in the next stages has been
provided. The fourth step is the elaborate step, which is the most suitable step in the 5E model for STEM
application. Because the elaborate step is the step where the knowledge learned in the previous stages will be
used in the solution of the new problem in integration with other disciplines. In this step, a scenario involving a
real-world problem is given to students. In STEM practice, real-world scenarios, which can be difficult for teachers
to prepare, should be used to encourage students and realize meaningful learning (Kelley & Krowles, 2016). While
preparing the scenario, criteria such as eco-friendly, economy etc. and limitations must be included. Care should

be taken to ensure that there is not only one solution to the problem. This step is where the engineering design
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cycle is. Thus, in the elaborate step, both the engineering discipline was used and interdisciplinary integration
was realized. For example, Pascal's principle requires science, scaling and calculations in prototype drawing
require mathematics, and the use of eco-friendly energy providers such as solar panels requires technology
discipline. In the last step, the evaluation step, both academic knowledge and the STEM process were evaluated.
In the whole process, cooperative work was provided by suggesting group work. Thus, all the prominent

conditions in STEM application have been fulfilled.

In summary, as a result of this study, which aims to develop an exemplary STEM lesson plan that will shed light
on teachers and pre-service teachers, it is thought that the deficiency in the literature will be eliminated.
Because, when the studies on the STEM lesson plan in the relevant literature are examined, this study is quite
different from the studies in the literature, according to the results that almost all of the plans made by the
teachers or pre-service teachers are examined, very few studies give details about the STEM lesson planning
process, and these studies do not include a sample plan. In the STEM lesson plan developed in this study, each
step was explained in detail, a scenario containing a real-world problem was written for the STEM application,
an outcome in the science lesson program was used as an example and both process and product evaluation

techniques are used.

SUGGESTIONS

The STEM scenario prepared for this study was developed with a focus on hydrostatic pressure in the 1st unit of
science course for middle school 8th grade students. The same scenario can be used and modified according to
the level for preschool, primary, high school and university students at different levels. For example, at the high
school level, it can be associated with gains in physics concepts such as balance, static, and tensile force. At the
university level, it can be focused on a certain learning outcome, or it can be left to their creativity to design

bridges in very different structures.
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ORTAOKUL DUZEYINDE KAZANIM ODAKLI BiR STEM DERS PLANI NASIL YAPILIR: SIVI
BASINCI iLE iLGiLi ORNEK BiR DERS PLANI?

0z

Ogrencilerin hem akademik basarilarini hem de analitik ve yaratici diisiinme, problem ¢ézme,
isbirlikli calisma becerileri gibi 21. yy becerilerini gelistiren STEM, okul, isyeri, toplum ve kiiresel
ekonomi arasinda baglanti kurulmasini saglamaktadir. STEM vyaklasiminda, 6&grencilerden,
karsilarina ¢ikan gergek diinya problemini, fen, teknoloji, matematik ve mihendisligi butlinlesik
olarak kullanarak ¢ézmeleri beklenir. STEM yaklasimi, birgok tilke egitim sistemine dahil edildigi
halde, uygulama konusunda hala aksakliklar oldugu bilinmektedir. Bu ¢galismanin amaci, siniflarinda
STEM yaklagimini uygulayacak 6gretmenlere 151k tutacak érnek bir STEM plani gelistirmektir.
Calisma igin gelistirilen planda 5E modeli kullanilmistir. Girig, kesfetme, agiklama, derinlestirme ve
degerlendirme olmak lizere bes basamaktan olusan 5E modelinde, STEM senaryosu igin en uygun
basamak derinlestirme basamagidir. Clinkii derinlestirme basamagi, 6nceki asamalarda 6grenilen
bilgilerin yeni problemin ¢6ziimiinde kullanacagi basamaktir. Bu basamakta gercek diinya problemi
iceren senaryo verilir. STEM uygulamasinda, 6grencileri tesvik etmek ve anlamli 6grenmeyi
gerceklestirmek igin, Ogretmenler icin hazirlamasi zor olabilen, gercek diinya senaryolari
kullanilmalidir. Senaryo hazirlanirken, kriter ve sinirliliklara mutlaka yer verilmelidir. Problemin,
sadece bir tane ¢6zim yolunun olmamasina 6zen gosterilmelidir. Bu ¢alisma igin gelistirilen STEM
senaryosu, ortaokul 8. Sinif 6grencileri icin fen bilimleri dersi 1. tinitesinde gecen sivi basinciile ilgili
kazanim odakli gelistirilmistir. Ayni senaryo, degisik kademelerdeki okul oncesi, ilkokul, lise ve
Universite 6grencileri igin seviyeye gére degistirilip kullanilabilir. Ornegin lise diizeyinde, denge,
statik, gerilme kuvveti gibi fizik kavramlarina yénelik kazanimlarla iliskilendirilebilir. Universite
dizeyinde, belirli bir kazanim odaginda olabilecegi gibi, tamamen yaraticiklarina birakilip, gok
degisik yapida kopri tasarlamalari saglanabilir.

Anahtar kelimeler: STEM, STEM senaryosu, STEM uygulamasi, ders plani.

2 Bu ¢alisma igin gelistirilen STEM ders plani, “2019-1-TR01-KA201-076730” nolu “Let’s STEM It” Erasmus+ projesinde
kullaniimis ve projenin 6grenme modduliinde yer almistir.
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GiRiS

Bilim ve teknolojideki hizli gelisimin toplumlari sosyal, ekonomik ve teknik alanlar konusunda etki altina almasi,
egitim alaninda da yeni gereksinimleri beraberinde getirmistir (Lawrenz vd., 2017). Son yillarda Cin ve diger Dogu
Asya Ulkelerinin ekonomik yonden bliyiimelerinin egitim sistemlerinde fen, teknoloji, matematik ve mihendislik
alanlarina verdikleri 6nemle ilgili oldugu distnilmektedir. Bu durum ekonomik liderlikte yerini bu (lkelere
birakmakta olan ABD tarafindan dikkatle ele alinmistir (Akglindiiz vd., 2015). Bunlara ek olarak 21.yy diinyasinda
basarili olabilmek igin gerekli olan becerileri tanimlayan, yasam, kariyer ve 6grenme becerilerini belirlemeye
¢alisan birgok rapor ortaya ¢ikmistir (Morrison, 2018). Raporlar, gelecegin isgliciini olusturacak 6grencilerin 21.
yy becerilerinin sadece temel becerileri degil, bu becerilerin kullaniimasini saglayan uygulama becerilerinin de

olmasi gerektigini 6nemle vurgulamaktadir (Phuseengen ve Singhchainana, 2022).

Arastirma, sorgulama, karar verme, vyaraticilik, elestirel ve analitik disinme gibi 21.yy becerilerinin
kazandirilmasinda ilk akla gelen fen, matematik, teknoloji ve mihendislik (STEM) disiplinleridir (Lacey ve Wright,
2009; Yamak, Bulut ve Diindar; 2014). STEM, fen, teknoloji, mihendislik ve matematik alanlarinda yetisecek
nitelikli isglci icin itici bir gl¢ olarak tanimlanmaktadir. STEM egitimi sayesinde, Ulkelerini diger dlkelerin
gerisinde birakmayacak ve Ulkenin rekabet giliciini koruyacak, mantiksal diisinme ve yaratici sorgulamalari
gelismis vatandaslar yetisecektir (Breiner vd., 2012). Son yillarin en biyiik reformlarindan biri olan STEM’in Judith
Ramaley ile birlikte 2001 yilinda ABD’de ortaya ¢iktig1 séylenmektedir (Daugherty, 2013; Yildirim ve Altun, 2015).
Ramaley’e gore, STEM, Ogrencilerin gergek diinya problemlerini ¢ézebilecekleri firsatlarin yaratildigi egitsel
arastirmadir (Daugherty, 2013). STEM egitiminin ABD’nde ortaya ¢ikmasinin iki temel nedeni vardir. Bunlardan
ilki ABD’li 6grencilerin fen, teknoloji, miihendislik ve matematik alanlarina olan isteklerinin azalmasidir (Sanders,
2009). ikincisi ise ABD’ nin uluslararasi alanda bilim ve teknoloji yéniinden hiz kazanan ulkelerden geri kalmak

istememesidir (NRC, 2011).

STEM’in herkes tarafindan kabul edilmis ortak bir tanimi bulunmamaktadir. Bir kesim icin STEM, fen, teknoloji,
muhendislik ve matematik alanlarindaki egitimin yeniden yapilandirilmasi iken, bir kesim icin yalniz birkag derse
asiri yogunlasma, baska bir kesim icin, (ki bu makalede benimsenen yaklasim budur) 6grencilerin gercek diinya
problemlerinin bilimsel yollarla ¢6zimu igin fen, teknoloji, miihendislik ve matematigi butlnlestirerek isbirlikli
calistiklari bir yaklagimdir. STEM, matematik ve fen egitimi icin yeni bir yoldan ¢ok daha 6tedir ve tim dersleri
etkilemelidir (Bender, 2018; Bybee, 2010b; Rogers ve Postmore, 2004). Paez vd. (2019)’ e gore, fen, teknoloji,
mihendislik ve matematik disiplinlerinin entegrasyonu sonucunda olusan {rln, bu doért disiplinin ayri ayri

toplamindan daha fazladir.

STEM egitimi alan 6grencilerde, akademik basarinin yani sira problem ¢6zme, yenilikgilik, yaraticilik, 6zgliven,
mantiksal diisiinme, teknolojik okuryazarlik, iletisim, sistemli diisinme, kariyer bilinci, elestirel disinme gibi
21.yy becerileri de gelisir (Bybee, 2010a; Bybee, 2010b; Grier vd, 2008; Hansen, 2014; Morrison, 2006; Shirey,
2018; Stohlmann vd., 2012; Vega, 2012; Winarti vd., 2021).
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STEM siniflari igin vurgulanan 6gretimsel prensipler sunlardir (Bender, 2018, s.6) :

e  Gergek diinya problemleri

e  Miuihendislik tasarim déngiisu

e Acik uclu ve uygulamali sorgulama

e Isbirlikli calisma

e  Ust diizey matematik ve fen icerigi

e Birden fazla dogru cevaba izin vermek

e Ogrencilerin hatalarindan ders gikararak 6grenmelerini tesvik etmek.

STEM, fen, teknoloji, miihendislik ve matematik olmak (izere birbirine ¢ok yakin alanlardan olusur. Matematik,
fenin veri isleme siirecinde bir arag olarak kullanilirken, teknoloji ve miihendislik fenin uygulamasidir (Syukri vd.,
2021). STEM'i olusturan disiplinlerden en ok zorluk yasanmasi muhtemel disiplin miithendisliktir. Ornegin, okul
oncesi 6gretmen adaylariyla yapilan bir ¢alisma sonucunda, 6gretmen adaylarinin miihendisligin kirli bir is
oldugu, mihendislerin ise santiyelerde c¢alisan, kum tasiyan erkek calisanlar olduguna dair basmakalip
disincelere sahip olduklari belirlenmistir (Karademir ve Yildirim, 2021). Yine ayni galismada, okul oncesi
O0gretmenleri insaat ve bilgisayar mihendislik becerileri Gizerine dizenlenecek STEM egitiminin onlari daha
donanimli hale getirecegini belirtmislerdir. Buna gére STEM’in muhendislik disipliniyle ilgili kisminin 6gretmen
adaylari tarafindan mihendislik tasarim dongiisi olarak algilanmadigi séylenebilir. Miihendislik tasarim déngilst
Sekil 1’de gorilmektedir. Buna gére miihendislik tasarim déngiisii problemi tanimlama adimiyla baslar. ikinci
adimda problemin ¢6ziimii igin gerekli arastirmanin yapilmasi gerekir. Uglincii adimda kriterler ve sinirliliklar
dikkate alinarak en az iki ¢6ziim yolu gelistirilir. Dérdiinci asamada yine kriterler ve sinirliliklar géz 6nlinde
bulundurularak en iyi ¢oziim yolu segilir. Besinci asamada oranlama, etiketleme, renklendirmeye dikkat edilerek
prototip cizilir. Altinci asamada Urin gelistirilir, test edilir ve en uygun hale getirilir. Son asamada ise gelistirilen
triin paylasilir. Gerekli biitgenin belirlenmesinde farkli yéntemler secilebilir. Ornegin her grup icin &gretmenin
belirledigi bir tutarin kullanilmasina izin verilirken, bir baska yontemde her gruba ayni malzemeler verilip, sadece

bu malzemeleri kullanarak trlin olusturmalari da istenebilir. Ya da bltge kismi tamamen serbest birakilabilir.
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Sekil 1. MUhendislik Tasarim Donglsi (URL1)

STEM egitimi yaklasimi, bircok ilke egitim sistemine dahil edildigi halde, uygulama konusunda hala aksakliklar
oldugu bilinmektedir (Ak¢a ve Besoluk, 2023; Dare vd., 2018; Goodwin ve Hein, 2014; Holincheck ve Golan, 2022;
Khuyen vd., 2020; Kinik Topalsan ve Akkoyun, 2022; Shernoff vd., 2017; Tao, 2019). Ornegin, Holincheck ve
Golanti (2022), 6gretmenlerin, STEM’in siniflarda uygulanmasina dair karmasik kavramlara sahip olduklarini
tespit etmislerdir. Shernoff vd. (2017) yaptiklari ¢alismalari sonucunda, STEM’in sinif ici uygulamasi konusunda
o6gretmenlerin yeterince donanimli olmadiklarina inandiklarini bulmuslardir. 186 Vietnamli 6gretmenle yapilan
bir calisma sonucunda, deneyimsiz 6gretmenlerin deneyimli 6gretmenlere gére STEM egitimi konusunda ¢ok
daha olumlu tutumlara sahip olduklari; STEM’in uygulamasina yonelik zorluklarla ilgili olarak ise her iki grup
arasinda anlamli bir farkin olmadigi tespit edilmistir (Khuyen vd., 2020). Endonezya’da 93 fen bilgisi 6gretmeniyle
yapilan bir baska ¢alisma sonucunda, 6gretmenlerin STEM’e yoénelik tutumlarinin oldukc¢a iyi, uygulama
konusunda orta seviyede iyi, STEM bilgisi konusunda ise diisik seviyede olduklarina inandiklarina ulagilmigtir
(Parmin vd. 2020). Margot ve Kettler (2019), STEM’le ilgili yapilan ¢alismalarin sistematik analizi sonucunda,
o0gretmenlerin, STEM egitiminin c¢ocuklar i¢in faydali oldugunu distinmekle beraber, STEM uygulamalari

konusunda birgok zorlugun da oldugunu diisiindiikleri sonucunu bulmuslardir.

Ogretmenlerin STEM uygulamalarina dair yasadiklari sikintilarin son derece ciddiye alinmasi gerekir. Ciinkd,
STEM’le ilgili kopuk ve sorunlu bakis agilari 6gretmenlerden 6grencilere uzanmaktadir (Kelley ve Krowles, 2016).
Margot ve Kettler (2019), STEM alanlarinin entegrasyonu ve bu konudaki profesyonel gelisimleri konusunda
ogretmenlere firsatlar taninmasini 6nermektedirler. STEM’de 6gretmen kalitesini artirmak amaciyla énerilen
stratejiler; amaca yonelik program, motivasyon artirma ve 6gretmenlere rehberliktir (Syafril vd. 2021). Eren ve
Dokme (2022), fen egitiminde kullanilan STEM uygulamalarini degerlendirdikleri ¢alismalari sonucunda, fen
egitiminde STEM uygulamalarinin daha yaygin kullanimi i¢cin rehber uygulama kilavuzlarinin olusturulmasinin

faydali olacagini belirtmislerdir. Yine Lamberg ve Trzyradlowski (2015) yaptiklari arastirma sonucunda
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dgretmenlerin STEM uygulamalarinin planlanmasi konusunda kaynaga ihtiyaclari olduklarini belirtmislerdir. ilgili
alan yazin incelemesine dayanarak arastirmaci tarafindan gelistirilen bilgi haritasina goére de, planlamanin
neredeyse tim kavramlarla ilgili oldugu gorilmektedir (Sekil 2). Buna gore kiresel rekabet icinde olan tim
Ulkelerin egitim sistemlerinde 6nemli bir yer kaplayan STEM uygulamalari konusunda oncelikli hedef
O0gretmenleri egitmek ve kaynak saglamak olmalidir. Bu baglamda, 6gretmenlere STEM uygulamalari ile ilgili

karmasayi ortadan kaldiracak, kaynak olabilecek ¢calismalar 6nem kazanmaktadir.

Alanyazinda, STEM ders plani ile ilgili calismalara raslanmaktadir. Ancak bu calismalar incelendiginde buyik
¢ogunlugunun bir egitim sonucunda 6gretmenlerin ya da 6gretmen adaylarinin yaptiklari planlarin incelendigi
¢alismalar olduklari goriilmektedir (Maicorca ve Mohr-Schroeder, 2018; Mumcu, Uslu ve Yildiz, 2023; Aykan ve
Yildirim, 2022; Bozkurt Altan ve Ucuncuoglu, 2019; Han vd., 2015). Ornegin, Mumcu, Uslu ve Yildiz (2023), farkh
branglardan toplam 40 6gretmenin katildiklari egitim sonrasinda, isbirlikli calismalari sonucunda kabul edilebilir
STEM planlari hazirladiklari belirtmislerdir. Maicorca ve Mohr-Schroeder (2018)'in ¢calismalarinda, STEM egitimi
alan 6gretmenlerin bircogunun planlarinda matematik ve miihendisligi entegre ettikleri, sadece ¢ katiimcinin
fen, matematik ve mihendisligi entegre edebildigi belirlenmistir. STEM ders planiyla ilgili yapilan ¢alismalardan
¢ok azi, STEM planinin nasil olmasi gerektigiyle ilgilidir. Bu planlar incelendiginde planlama siirecinin ayrintili bir
sekilde verildigi fakat érnek bir planin verilmedigi gériilmustir. Ornegin, Ceylan ve Ozdilek (2015), STEM ders
planinin 5E modeline gore nasil hazirlanmasi gerektigi detayli bir seklide agiklanmis olmasina ragmen,
derinlestirme basamaginda yapilacak STEM problemi igin senaryo kullanilmamistir. Yine, degerlendirme
basamaginda sadece ¢oktan se¢meli teste yer verilmis, STEM Uriini ve slre¢ degerlendirmeye yer verilmemistir.
Yine Winangun ve Fauziah (2019)'in g¢alismalarinda sireg¢ detayli olarak acgiklanmis fakat 6rnek plana yer
verilmemistir. Bu baglamda, 6gretmen ve 6gretmen adaylarina isik tutacak 6rnek bir STEM ders plani gelistirmeyi
amaglayan bu ¢alisma, alan yazindaki calismalardan farkhdir ve bu ¢alismayla alan yazindaki eksikligin giderilecegi

duslintilmektedir.
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YONTEM

Oncelikle, bu ¢alisma “etik kurul onay!” gerektirmeyen bir calisma oldugu icin “etik kurul onayl” alinmamuistir. Bu
¢alisma, iyi bir STEM planinin nasil olacagina dair bir durum galismasidir. Calismada 6ncelikle dokiiman incelemesi
yoluyla toplanan verilerden ihtiya¢ analizi yapilmistir. STEM plani gelistirmek igin yapilan ihtiya¢ analizinde,

incelenecek galismalarin analizinde izlenen yol su sekildedir:

1) Kriterlerin  belirlenmesi: incelenecek calismalarin  dgretmen/6gretmen adaylarinin  STEM
uygulamalarinda yasadiklari kisisel sikintilarla ilgili olmasi, Tiirkiye menseli olmasi, tez, makale, bildiri
yayin tirlerinden biri olmasi, tam metne ulasilabilir olmasi gerekmektedir. Calismalarin se¢ciminde bir

tarih arahgi belirlenmemistir.
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2) Anahtar kelimelerin belirlenmesi: Turkge, “STEM uygulamasi”, “FeTeMM uygulamasi”, “6gretmen”,
O0gretmen aday!” anahtar kelimeleri olarak belirlenmistir.

3) Veri tabanlarinin belirlenmesi: Google Scholar veri tabanlarindaki yayinlar taranmistir. Google Scholar,
bilinen acgik erisimli en genis veri tabanlarindan biridir. Google Scholarin veri tabani olarak segilme
sebebi, gelistirilecek plan 6rneginin 6gretmen/68retmen adaylari i¢in hazirlanacak olmasi nedeniyle,
isteyen herkesin kolaylikla incelenen ¢alismalara ulasabilmesidir.

4) Tekrarlanan ¢alismalarin ayiklanmasi.

5) Galismalarin analizi.

Buna gore kriterlere uyan on iki bilimsel calisma incelenmistir.

Ogretmenlerin yasadiklari temel sikintilari belirlemek icin yapilan ihtiyac analizinde elde edilen sonuglar, Akarsu
vd. (2021)’nin, ¢alismalarinda kullandiklari (i) gercek hayat problemini igerme, (ii) disiplinler arasi iliskilendirme,
(iii) 6grenci merkezli olma, (iv) miuhendislik tasarim stirecine gore gelistirilmis olma, (v) sorgulama ve disiinme
becerisi gelistirmeye yonelik olma, (vi) grup ici ve gruplar arasinda 6grencilere iletisim olanaklari sunma, (vii)
olusturulmasi planlanan Uriniin birgok kez tasarlanmasina olanak sunma ve (viii) tasarim igin degerlendirme
olanaklari sunma kriterleri ve alanyazin incelemesi sonucunda gelistirilen bilgi haritasi (Sekil 2) dikkate alinarak
bir STEM ders plani 6rnegi gelistirilmistir. STEM egitiminde ders isleme siirecinde 5E modeli etkin bir sekilde
kullanilabilir (Bybee, 2019). 5E modeli, giris, kesfetme, aciklama, derinlestirme ve degerlendirme olmak tizere bes
basamaktan olusmaktadir (Bybee, 2019; Bybee&Landes, 1990; Siizen, 2004 ). ilgi cekme, merak uyandirma, én
bilgileri yoklama, hedeften haberdar etme amaciyla, gérseller, videolar, hikayeler, sorular vb. kullanildigi giris
(engage) asamasini, hedef kazanima gotirecek yeni bilginin bizzat 6grenciler tarafindan kesfedildigi kesfetme
(explore) basamagi takip eder. Uglincii asama olan agiklama (explain), basamaginda ise, éncelikle dgrenciler bir
onceki basamakta kesfettikleri bilgileri s6zlii ya da yazilh olarak ifade ederler, sonra da 6gretmen gerekli
aciklamalari yapar. Derinlestirme (elaboration) basamagi STEM probleminin sunumu ve ¢oziilmesi icin en uygun
basamaktir. Bu basamakta 6grencilere, 6nceki basamaklarda 6grendikleri bilgiyi ve fen, teknoloji, miihendislik
ve matematik disiplinlerini birlikte kullanarak ¢ozebilecekleri, gercek diinya problemi, kriterler ve sinirhliklar
iceren bir senaryo ile verilir ve senaryodaki problemi ¢ézmeleri istenir. En son basamak olan degerlendirme
(evaluation) basamaginda ise 6grencilerin hedef kazanimi ne derece edindikleri ve STEM Griind, acik uclu sorular,

rubrik, 6z degerlendirme, akran degerlendirme, kavram haritasi vb. araglarla degerlendirilir.
BULGULAR

Ogretmen/dgretmen adaylarinin uygulama siirecinde yasadiklari kisisel zorluklari arastiran, Tiirkiye menseli, 12

¢alismanin bulgularinin analizi sonuglari Tablo 1'de gorilmektedir.
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Tablo 1. Ogretmen/Ogretmen Adaylarinin Uygulama Siirecinde Yasadiklari Kisisel Zorluklari Arastiran, Tiirkiye

Menseli, 12 Calismanin Bulgularinin Analizi Sonuglari

Kategoriler Calisma Kodu f %

Miihendislik Tasarim ¢1,¢2,C3,C4,C5,C6,C7, 9 56

Dongiisii 8, C12

Disiplinlerarasi Entegrasyon G2, 5, C6, C8, C9, C10, 7 44
c11

Toplam 16 100

Tablo 1’e gore, incelenen galismalardan dokuz tanesinde STEM uygulamalari sirasinda mihendislik tasarim
dongust ile ilgili yasanan zorluklar, yedisinde ise disiplinlerler arasi entegrasyon ile ilgili yasanan zorluklardan
bahsedilmektedir. Ornegin C12 kodlu calismada, “sinif 6gretmenlerinin mihendislik tasarim ydntemini bir

O0gretim yontemi olarak algilamadiklari ve mihendislik tasarim yéntemi_hakkinda bilgilerinin yetersiz oldugu

ortaya cikmistir”’. Bu calisma miihendislik tasarim déngiisiinde yasanan sikinti olarak kodlanmustir. ihtiyag analizi

sonuglarinin grafiksel gdsterimi de Sekil 3'te goriilmektedir.

OGRETMEN VE/VEYA OGRETMEN ADAYLARININ STEM UYGULAMALARI
KONUSUNDA YASADIKLARI SIKINTILAR

B Mihendislik Tasarim Dongisi €1, C2, C3, ¢4, C5, C6, C7, C8, C12
W Disiplinlerarasi Entegrasyon G2, C5, 6, C8, €9, C10, C11

Sekil 3. Ogretmen ve/veya Ogretmen Adaylarinin STEM Uygulamalari Konusunda Yasadiklari Sikintilar

Buna gore, yontem kisminda da belirtilen ihtiyag analizi sonuglari, arastirmaci tarafindan gelistirilen bilgi haritasi
(Sekil 2) ve Akarsu vd. (2021)’nin kullandiklari kriterler baz alinarak érnek bir STEM ders plani gelistirilmistir. Plan
2 asamadan oluismaktadir. Birinci asamasi bicimsel kisim, ikinci kisim ise isleyis kismidir. Sekil 4’te verilen planin
bicimsel kisminda siire, STEM'i olusturan dort disipline 6zgl kazanimlar ve STEM kariyer farkindahgina iliskin

aciklamalar yer almaktadir. Bigcimsel kismin hazirlanmasindan sonra dersin isleyis asamasina gegilir.
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Sinif: 8.Sinif

Konu/Kavram: Sivi Basinci Sire: 8 Ders Saati

KAZANIMLAR

- Kati,_sivi ve gazlarin basing 6zelliklerinin gtinliik hayattaki ve teknolojideki uygulamalarina érnekler verir
Fen (Bu ders planinda sivi basinci alinmigtir).
Bilimleri a. Sivi basinci ile ilgili Pascal prensibinin uygulamalarindan érnekler verilir.

b. Bilimsel bilgi tiirii olarak ilke ve prensiplere vurgu yapilir.

- Alaniile ilgili problemleri ¢ozer.
Matematik - Dogru ve ters oranti ile ilgili problemleri ¢ozer.

- Teknolojik ilerlemenin neden olabilecegi olasi degisiklikleri tahmin eder.

Te.'.mOIOJ.I v‘e - Muhendislik tasarim déngustindeki adimlari eksiksiz olarak tamamlar.
Miihendislik
-ingaat Miihendisligi: Bir insaat miihendisi, insaat projelerini planlayan, ydneten ve denetleyen
mihendistir. insaat mithendislerinin ¢ogu, ticari binalar, agir otoyollar (képriiler, tiineller ve yer alti atik su
tesisleri), mekanik sistemler veya elektrik gibi belirli bir proje tirtiinde uzmanlagsmistir (URL2).
-Ulastirma miihendisligi: Ulastirma mihendisligi veya ulasim muhendisligi, ekonomik ve gevreye uyumlu,
glvenli, verimli, hizli, konforlu insan ve esya tagimaciligi saglamak amaciyla herhangi bir ulagim tiri igin
STEM tesislerin planlanmasi, islevsel tasarimi, isletiimesi ve yonetimini teknoloji ve bilimsel ilkelerle uygular
Kariyer (URL3).

Farkindaligi -Cevre miihendisligi: Cevre muhendisligi, canli organizmalar ve gevrenin kalitesini iyilestirmek igin kimya,
biyoloji, ekoloji, jeoloji, hidrolik, hidroloji, mikrobiyoloji ve matematik gibi genis bilimsel konulardan
yararlanarak insanlarin saghgini koruyacak ve gelistirecek ¢éziimler Ureten ve profesyonel bir miihendislik
disiplini olan bir is turudur. (URL4)

Sekil 4. STEM Ders Planinin Bigimsel Kismi

Planin isleyis kisminda, ders boyunca yapilacak etkinlikler 5E modeline uygun sekilde planlanir. Dersin isleyisine

gecmeden once 6grenciler 4-5 er kisilik gruplara ayrilirlar.
Birinci Asama/Girig

(Bu bdlimde 6n bilgiler yoklanir, dikkat gekilir ve hedeften haberdar edilir. Ogretmen, égrencilerin dikkatini

¢cekmek icin bazi fotograflar, videolar vb. kullanabilir).

Ogretmen 6n bilgileri kontrol etmek icin 6nceki derslerde dgrendikleri basing kavramiyla ilgili sorular sorabilir ve
ogrencilerin dikkatini gekmek igin sivi basinci iceren bazi fotograflar gosterebilir. Hedeften dogrudan ya da dolayh
olarak haberdar edebilir. Ornegin, asagidaki resimleri (Sekil 5) kullanarak, bu dersin sonunda resimlerini

gordlgliniz araclarin nasil ¢alistiklarini 6greneceksiniz diyerek, dolayli olarak hedeften haberdar edebilir.

Sekil 5. Pascal Prensibiyle Calisan Bazi Araglar (URL 5)
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ikinci Asama/Kesfetme

(Bu bolimde, 6grenciler kazanimla ilgili kavramlari, teoriyi vb. gesitli etkinliklerle kesfetmelidirler).

Su cenderesi, sikistirma sistemleri (hidrolik frenler, hidrolik presler, pliskirtme pompalari), tasima sistemleri
(hidrolik asansorler, vingler, yangin merdivenleri, kova ve damperli kamyonlarin hidrolik kaldirma sistemleri),
emme-bosaltma pompalari, berber koltuklari nasil caligirlar? Otomobil tamircileri, devasa arabalari ¢ok az bir

kuvvetle nasil kolayca yerden kaldirabilirler? Tim bunlarin sebebinin ne oldugunu grup arkadaslarinizla tartisin.

Her gruba birer pinpon topu, toplu igne, su, ignesi ¢ikarilmis siringa verilir. Ogrencilerden bu malzemeleri kullanip
pinpon topundan fiskiye gibi su fiskirtmalari istenir. Deneyi yapamayan 6grencilere pinpon topunda birkag tane
delik agmalari, bu deliklerden birine siringay! sokmalari, pistonu c¢ikarilmis siringaya su doldurmalari ve sonra
pistonu takip, suyu topa bosaltmalari istenir. Suyla dolan toptan fiskiran suyun gézlemlenmesi istenir. Suyun
pinpon topunun deliklerinden fiskirmasinin sebebi nedir? Su yerine baska bir sivi kullanilsa yine ayni sonugla mi

karsilasilirdi? Grupga tartismalari istenir.

Uglincii Asama/Agiklama

(Bu bolumde 6grenciler oncelikle bir dnceki bélimde kesfettiklerini s6zIU veya yazili olarak agiklarlar. Daha sonra
O0gretmen, acgiklanmasi gereken kavram, teori, drnek vb. agiklar. Gruplarin deney ve tartisma sonucunda elde

ettikleri bilgiler 6grenciler tarafindan paylasilir. Daha sonra 6gretmen gerekli agiklamayi yapar).
Pascal Prensibi

Swvilarin sikistirilabilme 6zelligi ihmal edilecek kadar kugtliktlr. Bu 6zellik sayesinde sivilar uygulanan basinci her
yone esit olarakiletirler. Bir baska deyisle kapali kapta bulunan sivilara uygulanan kuvvet etkisiyle sivinin herhangi
bir noktasinda olusturulan basing, sivinin temas ettigi bitiin yizeylere dik olarak aynen iletilir. Bu prensibe Pascal
prensibi denir. Delikler agilan balon Gzerine kuvvet uygulandiginda sivida olusan basing bitin deliklere aynen

iletilir ve balondan figskiran suyun akis hizlari ayni olur, tipki pinpon topu deneyinde oldugu gibi.

Pascal prensibinden faydalanilarak; su cenderesi, sikistirma sistemleri (hidrolik frenler, hidrolik presler, ilaglama
pompalari), tasima sistemleri (hidrolik liftler, vingler, itfaiye merdivenleri, kepce ve damperli kamyonlarin hidrolik
kaldirma sistemleri), emme— basma tulumbalar, berber koltuklari, basing 6lgmek icin kullanilan araglar
(barometre ve manometre) ve bilesik kaplar yapilmistir (URL6). Ornegin, su cenderesiyle, kiiciik kuvvet
uygulanarak biyik ytkler kaldirilabilir. Oto tamirhanelerinde tonlarca agirliktaki otomobillerin tek bir digmeyle

havaya kaldirilmasi su cenderesi sayesinde olur (Sekil 6).
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Sekil 6. Su Cenderesi (URL7)

Sikistirma sistemi olarak kullanilan hidrolik frenler yardimiyla kiigtik kuvvet uygulanarak biyik kuvvet elde edilir
ve ara¢ durdurulabilir. Stirlicli, fren pedalina bastiginda, pedala uygulanan kuvvet etkisiyle borudaki hidrolik
denilen sivida basing olusur ve olusan bu basing bu hidrolik sayesinde balatalara iletilir. Balatalarin yizeyi blyiik
oldugu icin daha biyuk bir kuvvet elde edilir ve bu kuvvet balatalari sikistirarak lastiklerin i¢ kismina stirtiinmesini

ve olusan basinca gore arabanin yavaslamasini ya da durmasini saglar (URL6).

Ayni prensiple hidrolik presler yoluyla sikistirma, pompa koluna uygulanan kuvvet yoluyla ilaglama pompalariyla
ilag puskiirtme, kaldirma sistemi olarak kullanilan hidrolik liftlerde ve itfaiye merdivenlerinde kompresor ile siviya
uygulanan kuvvet sayesinde sivida olusan basing yardimiyla cisimleri kaldirma, kamyon damperlerini kaldirma,

berber koltuklarini kaldirma-indirme, otobuslerin kapilarinin agilip-kapanmasi, kepgelerin ¢alismasi saglanir.
Dordiincii Asama/Derinlestirme

(Bu asama, O6grenilenlerin derinlestirme asamasidir. Burada STEM etkinliginin senaryosu verilir ve 6grencilerin
senaryodaki problemi FEN, TEKNOLOJi, MATEMATIK ve MUHENDISLIK disiplinlerini kullanarak ¢dzmeleri ve bir

Urlin olusturmalari istenir).

Etkinligin Amaci

Bu etkinligin amaci, 6grencilerin fen bilimleri dersinde sivi basinci ile ilgili edindikleri bilgileri, matematik,

teknoloji, miihendislik kazanimlari ve becerileriyle bltinlestirerek bir képri tasarlamalaridir.

Ogretmen asagidaki senaryoyu verir.
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Sanssiz K6y ve Onun Sanssiz Cocuklari

Balikgilikla geginen, yoksul bir kdy olan Sanssiz Koy’lin sehirle tek giivenli baglantisi olan kdprisi olumsuz hava
kosullari nedeniyle yikilmistir. Bu durum koyun yetiskinleri ve cocuklari igin buyik sikintilar dogurmaktadir. Koy
ve sehrin ortasindan gegen nehrin denizle baglantisi bulunmaktadir. Kdy, nehrin denize dokildigu yere yakin
olan kisimda bulundugu igin, hem derinlik fazla hem de akim kuvvetlidir. Ama bu kisim kdyle sehrin birbirine en
yakin oldugu kisimdir (300m). Cocuklar okula, koyliler de sehre gidebilmek icin her glin 7 km doguya ylrlyerek
nehrin derinliginin en az oldugu bolgede, alelade yapilan gilivenli olmayan, asma kopriiden karsiya
gecmektedirler. Fakat bu hem tehlikeli hem de onlari fazlasiyla yormaktadir. Derenin suyu normalde 10m iken
baharda daglardaki karin erimesiyle birlikte 1,5 metre daha artmaktadir. Kdyle sehrin birbirine en yakin oldugu
noktada, sonbahar ve kis aylarinda su yiizeyi ile yerlesim alanlarinin yiizeyi arasi 5 metre mesafe bulunmaktadir.
Koylilerin bu sorununa sehir yonetimi ne yazik ki duyarsiz kalmaktadir. Maddi sorunlari olan bu koyliler igin,
mimkiin oldugunca az maliyetli, cevre dostu, enerji tasarruflu, glivenli, hem yaya hem de araglarin gegebilecegi,

balikgl teknelerinin de sikintisiz denize acilabilecegi bir kopri tasarlayiniz.

Miihendislik Tasarim Dénglisii

(Asagida belirtilen asamalari 6grenciler gergeklestirmelidir)

Problemi belirleyin.

e Cevabi, problemi ¢dzmenize yardimci olacak sorular hazirlayin ve bu sorulari cevaplamak igin arastirma
yapin (20 dakika). Bunlari 6gretmen ve sinifla paylasin.

e Problem icin en az iki ¢6ziim bulun. Her ¢dziim, detayli bir agiklama stilinde yazilmalidir. Ornegin, dért
tekerlegi olacak, tekerleklerin yarigapi 30 cm olacaktir. vb. Bu adimda higbir ¢6ziim bir digerinden Ustiin
olmamahdir. Coztimler birbirinin alternatifi olmalidir.

e  Grup halinde en iyi ¢dzlimii segin. Bu asamada en iyi ¢6ziim segildiginde gruplar neden bu ¢dzimiin
secildigini bazi kriterler (butge, enerji tasarrufu, iklim kosullari, doga dostu, giivenlik, dayaniklilik, estetik
vb.) acisindan aciklayan gerekgeli rapor hazirlamalidir. Ornegin, ¢éziim 1, enerji tasarrufu ve doga dostu
olmasi agisindan ¢éziim 2'den daha iyidir. Clink(i 1. ¢oziimde glines enerjisi kullanacagiz. Ancak 2. ¢6ziim,
verim ve bitge agisindan 1. ¢dziimden daha iyidir. Cliinkli kdmdr kullanacagiz. C6ziim 2'yi tercih ediyoruz
¢linkii cok az paramiz var...Veya Coziim 1'i tercih ediyoruz ¢linki dogay1 6nemsiyoruz.

e  Gerekeeli raporu 6gretmene gosterin. Onaylarsa, prototip ¢cizmeye baslayabilirsiniz. Prototipi gizerken

orantilamaya dikkat etmeli, matematiksel semboller veya sayilar, etiketler, renklendirmeler

kullanmalisiniz. Ayrica ¢alisma prensiplerini de prototip cizimi tGizerinde agiklamaniz gerekmektedir.
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Sekil 7. Prototip Cizim Ornegi

e Ogretmen gruplarin prototipini onayladiktan sonra bir sonraki adim olan (riin olusturma ve test
asamasina gecebilirsiniz (Calismazsa ilgili adima geri déniin). Uriiniiniiziin iyilestirilmesi gereken yerleri

varsa onlari tamamlayin.

e Vefinal..Urliniinlizi digerleriyle paylasin (Sinif 6nii veya grup ici ziyaretler).

Sekil 8. Uriin Paylagimi

Besinci Asama/Degerlendirme

(Bu asamada, etkinlik tamamlandiktan sonra gesitli degerlendirme araglari kullanilir. Ornegin acik uglu sorular, 6z

degerlendirme formu, STEM rubrigi ve grup degerlendirme formunu kullanabilirsiniz).
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Bu planda kazanima yonelik agik uglu sorular ve gelistirilen STEM GrlGnunlerini degerlendirmek amaciyla Sekil 9'de
verilen rubrik kullanilabilir. STEM rubrigini, hem 06gretmen hem de gruplar birbirini degerlendirmek igin

kullanilabilirler.

Acik Uglu Sorular

e Pascal prensibini agiklayiniz.

e  Pascal prensibinin uygulamalarindan érnekler veriniz ve ¢calisma mekanizmalarini anlatiniz.

STEM
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Sekil 9. STEM Rubrigi
TARTISMA ve SONUC

STEM, 68rencileri analitik ve yaratici diistinme, problem ¢dzme, isbirlikli calisma becerileriyle donatirken okul,
isyeri, toplum ve kiiresel ekonomi arasinda baglanti kurar. Birgok sektér, STEM alanlariyla dogrudan ilgili oldugu
icin Glkelerin ekonomik gelisiminde STEM her gecen giin daha da 6nem kazanmaktadir. Bu durum, STEM'in
diinyadaki en buytuk isverenlerden biri olmasini beraberinde getirmektedir (Science Foundation Arizona, 2017).
Bu acgidan bakildiginda, bir Glkenin kalkinmasi, bilimsel alanda 6nderlik edebilmesi ve ekonomik biylimesi igin
ihtiyaci olan nitelikli bireylerin yetismesini saglayacak STEM’in, egitim sistemine dahil edilmesi olduk¢a dnemlidir

(Lacey ve Wright, 2009).

STEM egitimi 6grenciler icin, STEM okuryazarhgi, 21.yy yeterlilikleri, STEM isgiiciine hazirlikli olma ve STEM
disiplinleri arasinda baglanti yapma becerisini amacglamaktadir (National Reseach Council [NRC], 2014). Bu

ozellikleriyle STEM egitimi, bircok Ulkede yaygin hale gelmektedir (Lawrenz vd., 2017). STEM yaklasiminda,
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Ogrencilerden, karsilarina gikan gercek diinya problemini, fen, teknoloji, mithendislik ve matematik disiplinlerini

batinlesik olarak kullanarak ¢ozmeleri beklenir (Thomas, 2014).

Alan yazin incelendiginde STEM uygulamalari sirasinda bilgi ve deneyim eksikligi nedeniyle 6gretmenler, basta
STEM egitiminin bitlncil bir yaklasim olmasi olmak tizere birgok kavram kargasasi ve sorunla karsilasmaktadirlar
(Goodwin ve Hein, 2014; Dare vd., 2018; Shernoff vd., 2017; Tao, 2019; Holincheck ve Golanti, 2022; Khuyen vd.,
2020; Karademir ve Yildinm, 2021). Ogretmenlerin STEM yaklasiminin nasil uygulanacagina dair yasadiklari
sikintiyr gidermek amaciyla yapilan bu ¢alismada, érnek bir STEM plani gelistirilmistir. STEM’e dayali bir program,
Ogrencilerin tasarim yapma, deneme, verileri yapilandirma, analiz etme, yorumlama ve dogal olaylari

birlestirmelerini saglayarak, gercek yasamla ilgili problemleri ¢6zmelerine rehberlik etmelidir (Wang, 2012).

Calismada oncelikle o6gretmen/6gretmen adaylarinin STEM uygulamalarn sirasinda yasadiklari sorunlari
belirlemek igin yapilan ihtiyag analizi sonucunda, mihendislik tasarim dongiisi ve disiplinlerarasi entegrasyonda
sikinti cektikleri belirlenmistir. ihtiyag analizi sonuclari ve ilgili alanyazina gére STEM uygulamasi ders plani
gelistirilmistir. 5E modeli, STEM uygulamasi igin kullanilabilecek en iyi modellerden biridir. 5E modelinin ilk
basamagi olan giris kisminda, &n bilgiler yoklanmis, dikkat gekilmis ve hedeften haberdar edilmistir. ikinci
basamak olan kesfetme kisminda ise kazanimda gecen kavram, teori vb. 8grencinin ulasmasi saglanmistir. Uglincii
basamak olan agiklama kisminda 6nce 6grencilerin kesfettikleri bilgiyi agiklamalari saglanmis, sonra da 6gretmen
gerekli agiklamalari yapmistir. Boylece daha sonraki asamalarda gerekli olacak olan bilimsel bilgiye ulasim
saglanmistir. Dordiincli basamak ise, STEM uygulamasi icin, 5E modelinde en uygun basamak olan derinlestirme
basamagidir. Clinkl derinlestirme basamagi, 6nceki asamalarda 6grenilen bilgilerin diger disiplinlerle bitiinlesik
olarak yeni problemin ¢6ziimiinde kullanilacagi basamaktir. Bu basamakta 6grencilere gergek diinya problemi
iceren senaryo verilir. STEM uygulamasinda, 6grencileri tesvik etmek ve anlamli 6grenmeyi gerceklestirmek igin,
o6gretmenler icin hazirlamasi zor olabilen, gercek diinya senaryolari kullanilmahdir (Kelley ve Krowles, 2016).
Senaryo hazirlanirken, kriter (ekonomiklik, ¢evre dostu olma vb.) ve sinirliliklara mutlaka yer verilmelidir.
Problemin, sadece bir tane ¢6ziim yolunun olmamasina 6zen gosterilmelidir. Bu basamak mihendislik tasarim
dongisinin oldugu basamaktir. Béylece derinlestirme basamaginda hem mihendislik disiplini kullanismis olup,
hem de disiplinlerarasi entegrasyon gerceklesmistir. Ornegin, pascal prensibi fen disiplini olarak, prototip
giziminde olgekleme ve hesaplamalar matematik disiplinini, gines paneli gibi cevre dostu enerji saglayicilarin
kullanilmasi teknoloji disiplinini gerektirmektedir. Son basamak olan degerlendirme basamaginda ise hem
akademik bilgi hem de STEM siireci degerlendirilmistir. Slirecin tamaminda ise grup calismasi 6nerilerek isbirlikli

¢alisma saglanmistir. Béylece STEM uygulamasinda 6ne ¢ikan tim kosullar yerine getirilmistir.

Ozetle, dgretmen ve 6gretmen adaylarina isik tutacak érnek bir STEM ders plani gelistirmeyi amaglayan bu
calisma sonucunda, alan yazindaki eksikligin giderilecegi dislintilmektedir. Clinkd, ilgili alan yazinda STEM ders
plani ile ilgili yapilan calismalar incelendiginde nerdeyse tamaminin 6gretmen ya da 6gretmen adaylarinin
aldiklari bir egitim sonrasi yaptiklari planlarin incelendigi, cok az sayida ¢alismanin STEM ders planlama sirecine

dair detaylar verdigi, bu ¢alismalarin da 6rnek bir plan icermedigi sonuglarina gore, bu ¢alisma alan yazindaki
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¢alismalardan oldukga farkhdir. Bu calismada gelistirilen STEM ders planinda her adim detayli olarak agiklanmis,
STEM uygulamasi igin gergek diinya problemi iceren senaryo yazilmis ve 6rnek olmasi agisindan fen bilimleri dersi

programinda bulunan bir kazanim ve hem Griin hem de siire¢ degerlendirme teknikleri kullaniimistir.

ONERILER

Bu c¢alisma icin gelistirilen STEM senaryosu, ortaokul 8. Sinif 6grencileri icin fen bilimleri dersi 1. Unitesinde gegen
sivi basinci ile ilgili kazanim odakh gelistirilmistir. Ayni senaryo, degisik kademelerdeki okul dncesi, ilkokul, lise ve
Universite &grencileri igin seviyeye gore degistirilip kullanilabilir. Ornegin lise diizeyinde, denge, statik, gerilme
kuvveti gibi fizik kavramlarina yénelik kazanimlarla iliskilendirilebilir. Universite diizeyinde, belirli bir kazanim

odaginda olabilecegi gibi, tamamen yaraticiklarina birakilip, cok degisik yapida kopri tasarlamalari saglanabilir.

Etik Metni

Bu makalede dergi yazim kurallarina, yayin ilkelerine, arastirma ve yayin etigi kurallarina, dergi etik kurallarina
uyulmustur. Makale ile ilgili dogabilecek her tiirlii ihlallerde sorumluluk yazara aittir. Bu ¢alisma etik kurul onayi

gerektiren bir calisma degildir.

Yazarin Katki Orani Beyani: Arastirmacinin katki orani %100’ddr.
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