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STEM Education

In the century that we live, global problems such a5 economic problems, climate changes, destruction of
fertile agricultural land, reduction of clean water supply, bunger and health problems which human beings
have fo face have emerged. We nesd professionals who are qualified in Science, Technology, Enginesring
and Mathematies [STEM] fields to solve the aforementioned problems more than ever.

Since its concept emerged in the 1990s, STEM has become an attractive subject that takes the attention of
‘govemments, policymakers, industry bodies, and educators (Siekman, 2016).

Althoush organizations o institutions have 2 different perspective on the STEM concept, almost all
educators agree on that STEM education is 2 way for children to leam meaningfully. In this way, "Minds on
‘Hands on STEM Goes on” project intemalize the STEM education approach and aims to make science and
math education more relevant and meaningful for our students with the integration of the technology and
connecting these disciplines with the engineering in the ways of respect, beliefs and cultural diversity.

STEM education appropriates an integrative and interdisciplinary inquiry by overlapping boundaries within
the four disciplines (Capraro, Capraro, & Morgan, 2013; Gonzaler & Kuenzi, 2012; Wang, Moore,
Roehming, & Park, 2011). Real-life problems cannot be solved by knowledge and skills from just one or
several disciplines. In order to solve today's complex problems about the real-ife, individials require the use
of knowledge and skills specific to disciplines. Thus, while developing STEM lessons or activities, the
problem or desizn task must be related to real-life. Also. due to the nature of STEM education, problem-
solving, critical thinking, collaboration, ereativity and communication skills should be taken into account by
educators at the first stage of developing STEM lesson plans or actvities.

STEM Unit/Lesson Plans
Liston (2018, pp28) states that the following characteristics should be comprised of STEM events and
intitives -

* Removing traditional barriers separating the four disciplines of scisnce, tachnology, enginesring and
‘mathematics (Vasquez, Comer and Sneider 2013).

+ Allowing for innovation and critical thinking (Tolly 2017).

+ Integrating real-world, rigorous and relevant leaming experiences for students (Vasquez, Com
Sneider 2013).

« Inspiring creativity, problem-solving inquisitive thinking, and teamwork (Roberts 2012).

+ Integrating and applying 2 deeper level of knowledge and understanding of mathematics & science to

create tachnologies and solutions for real-world problems using enginsering design approach (Jolly
2017)

Moreover, Liston (2015) emphasizes the specifications for STEM lessons in her rasearch adapted from
Jolly's STEM Desiga tool (Jelly, 2017)

- T Challnge Tee Age W STEAN B
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Specifications for STEM lessons

Presents 3 real problem (an engineering challenge).

Students will relate to the problem.

Allows for multiple aceeptable and creative solutions to the problem.
Integrate and apply important science and math grade-level content.
Uses the enginesring design process as the approach to solving problems.
Uses a student-centered, hands-on teaching and leaming approach.
Leads to the design and development of a technology or model or prototype.
‘The role of technology is clear to the stdents in the lasson.
Successfully engages students in purposeful teamwork.

10. Inclsdes tsting the solution, evaluatingthe rasult, and redesign.

11 Tnrvolves students in communicating their design and results

In the light of the brief explanation of the STEM education and characteristics of STEM lessons, the
instructional models are explained for teachers use as 2 sample of STEM lessons or units.

The SE Model

The SE Instructional Model (Bybes, 1997) can be used for designing STEM lessons. The model of the
learning cycle (Engage, Explore, Explain, Elaborate, Evaluate) lends itself to this unique problem-solving
model. Bybee (1997) states that "using this approach, students redefine, reorganize, elaborate, and change
their initial concepts through self-reflection and interaction with their peers and their environment. Leamers
interpret objects and phenomena and intemalize those interpretations in terms of their current conceptual
understanding” (p. 176).

SE leaming cycle model can be used for designing STEM lessons or unit plans. Each phase of the modsl is
‘needed to be designed by the educators while considering the characteristics of the STEM lessons. Each
‘phase of the SE Learning cycle can be adapted for STEM education while considering the Bybee's (1997)
descriptions about the phases.

Engagement

Teacher or student poses a real-world problem,  complex question, or a global issue. Students access to prior
kmowledge and develop what they need to know. They brainstorm potential solutions or comstruct
explanations and identify 2 real-lfe problem, issue, or challenge to explore further.

Exploration

The teacher acts as a facilitator, providing materials and guiding the students’ focus. Students explore and
‘make connections between science, technology, engineering, mathematics and other disciplines with their
team. Stodents select and apply the appropriate systematic approaches to answr complex questions,
investigate global issues, and to develop solutions for challenges and real-world problems. They conduct
experiments, plans investigations, and designs models. And record cbservations.

- I Chsllngs The Age Wi STERN B
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Explanations

Students explain what they have learned 5o far. To do this, they can analyse and interpret data, discuss what
they have understood and possible solutions. They generate graphs, charts, reports, diagrams, and sketches
Also, they can use technology appropriately for analysis and communication. The teacher encourages
students to collaborate to explain concepts.

‘Elaboration

Students apply leamed concepts and skills in new situations. They use previous information to ask additional
relevant questions. They refine solutions, prototypes, and/or models, modify experimental procadures for
further exploration, and identify and analyse connections to STEM caresrs.

Evolution

‘Stadents reflect on their solutions to the complex question, issue, challenge or problem. They particigate in
‘peer reviews and demonstrate their understanding through performance-based tasks. Also, they evaluate their
own progress and knowledge and ask related questions which would encourage future exploration.

The teacher assesses students’ knowledge and/or skills by looking for evidence that the student demonstrates
‘understanding and asks open-ended questions.

The 6E Model

The 6E Leaming byDeSIGN™ Model (Burke, 2014) provides students with a solid foundation for future
STEM learning throughout the K-12 materials. The model i student-centered and designed to maximize the
connections between design and inquiry in STEM classrooms (Burke, Reed & Wells, 2014). Burke 2014)
explains the development of 6E model as below:

For purposes of developing an instructional model that blends design and inquiry, the BSCS SE
Instructional Model (Bybee, 1997), the conceptual base (concepts and contexts) as described in the
Delphi study by Rousouw, Hacker, and de Vries (Rousouw, 2005), and the Informed Design
Teaching and Learning Matrix (Crismond, 2012) were used. Additiomally, mathematical modeling
concepts (Lesh, 2010) were incorporated. .. Having used the BSCS SE model for many years, there
was aliways the struggle that design was not fully represented. To that end, this new model adds an
“” called eNGINEER It s in this phase or cycle where students truly design and model as enginsers
would.

Engage

The purpose of the ENGAGE phase is to pique students’ interest and get them personally imvolved in the
lesson, while pre-assessing prior understanding.

- I Chsllngs The Age Wik STERN s
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Explore

The purpose of the EXPLORE phase is to provide students with the opportunity to construct their own
understanding of the topic.

Explain

The purpose of the EXPLAIN phase is to provide students with an opportunity to explain and refine what
they bave leamed 50 far and determine what it means.

eNGINEER

The purpose of the eNGINEER phase is to provide students with an opportunity to develop a greater depth of
understanding about the problem topic by applying concepts, practices, and atttudes. Students use concepts
learned about the natural world and apply them to the man-made (designed) world.

Earich

The purpose of the ENRICH phase is to provide students with an oppertunity to explore what they have
learned in more depth and to transfer concepts to more complex problems.

Evaluate

The purpose of the EVALUATION phase s for both students and teachers to determine how much leaming.
and understanding bas taken place.

Engineering Design Based Learning

‘Enginesring the design process is used as 3 pedological tool to cany out science education in design-based
learning (Purzer, Moore, Baker, & Berland, 2014). Engineering design-based learning is a subset of project-
based learning and has been proposad 3s 3 valusble pedagogical method in STEM education to provide

students with a more effective engagement, 2 context, and relevance to leaming, and to facilitate long-term.
meaningful leaming of concepts (Felix, Bandstra & Strosnider, 2010).

According to the Accreditation Board for Engineering and Technology (ABET) defines the engineering
design;

Enginsering design s the process of devising 3 system, component, or process 1o mest dasirad nesds.
Ttis 2 decision-making process (often iterative), in which the basic sciences, mathematics, and the
engineering sciences are applied to convert resources optimally to meet these stated nesds. (ABET,
2015,p.4)

The enginsering design process is 3 seriss of staps that engineers follow to come up with 3 solution 10 3
problem.

- T Challnge Tee Age W STEAN ]
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According to Stephan, Bowman, Park, Sill, and Ohland (2013), there are many different models of the design
‘process, but they all have many similarities. Brunsell (2012) defines the similarities in each model steps: (1)

define the problem, (2) develop possible solutions, (3) optimize solutions, (4) analyse the solution, and ()
communicate the solution.

‘Engineering is Elementary Engineering Design Cycle

Cunningham (2009) proposed a five steps engineering design models for the Engineering is Elementary
(EIE) project. The EIE Engineering Design includes five iterative steps:

Imagine

Figure 2. The EIE Engineering Design Process

ASK: What s the problem? How have others approached it? What are your constraints?
IMAGINE: What are some solutions? Brainstorm ideas. Choose the best one.

‘PLAN: Draw a diagram. Make lists of materials you will nesd.

CREATE: Follow your plan and create something. Test it out!

IMPROVE: What works? What doesa't? What could work better? Modify your design to make it better. Test
it out! (tps/wwww e org verviewengineering design-process)

- I Chsllngs The Age Wi STERN 0
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The National Center for Engineering and Technology Education (NCETE) Engineering Design
Process Model

Hynes et al” (2011) proposed nine steps engineer process; (1) identify need or problem; (2
sesearch need or problem; (3) develop possible solutions; (4) select the bast solut

prototype; (6)test and evaluste the solution; (7) communicate the solution; (§) redesign; and (9) finalize the
d

Sep 7
Research need or

solution Step s
Constructa

=2y
e

design model (Hynes etal, 2011, p.9)
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Massachusetts engineering design process model

The student-focused Massachusetts enginesring dssign process sight steps modsl shown in Figure 3

Figure 4. Massachusetts engineering design process (Massachusetts Department of Education, 2006, p. 84)

- T Challnge Tee Age W STEAN [
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STEM Unit/ Lesson Plans

No matter which wnitlesson plans model chosen by the teacher, the characteristics of STEM education
highlighted in the previous section should be specified in the plan. This chapter includes the sample of
STEM unit/lesson plans which are developed during the “Minds on Hands on STEM Goes on” project.

- T Challenge The Age With STEAM. 1
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The Vessel on Wind

Lesson plan: Class: 95 Subject: SCIENCE AND TECHNOLOGY,
MATHEMATICS
STEM. technolo math)
Teacher: es Valsts gimnaziia,
Topic: NATURAL PHENOMENA, NAT AND TECHNICAL PROCEDURES AND
SKILLS
‘Unit: vessal on vind — sailing bozt
Coals:
’NARAVOSLOVJE (SCIENCE)
Pupils knows:
+ Bowto explain the causes of the wind,

how to explain the concept of air prassure

how to describe the methods of measuring air pressure, speed in the direction of the wind
how to explain the importance of wind in pollinating plants and spreading seeds (fuits)
how to justify the exploitation of wind

how to explain the movement of objects in water and what affects their movement

TEHNOLOGY, ENGINEERING

Pupil:
« designs, sketches, produces, tests a device powerad by wind (sai),
+kmows the components of the bost (sail, hull, mast) and what are their purposes,

« Understands the essential parameters (sail size, bull material - different density) that affect the
fumctionality of the product,

» uses basic techniques for processing paper, wood materials, plastics, sheets and other materials,
» assesses the suitability of the finished product,

* proposes improvements,

* mows how to safely use tools and utilites,

« cares for the arrangement of the work space, » develops practical skills

MATH

Pupil

« systematically records counts and measurements, and logically enters them into the spreadsheet,
* can measure or use measuring devices (meter, balance, thermometer, barometer, stopwatch, stc)
* can calculate the average travel time of a boat,

» displays data with columns or rows.

- 1 Chllenge The Age Wik STEAM. n
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Leaming methods: verbal textual - explanation, conversation, namation, istening, reporting,
graphic work, reading, writing, observing

demonstrative illustrative — 2 display or demonstration

experimental - experimenting

experiential learing - play, practical work

Teaching forms: frontal, individual, growp

Tools: hole punch, Stanley kmife, dnll, nail, screw, waste packagmg, hammer, saw, scissors,
sanding paper, glue for the hot zlue gun, glue, scotch tape, string, ruler, pencil, stopwatch, scales
Materials: poles, paper, polystyrene, wood, extruded polystyrene with solid surface (Forex smart
panels), bags, small bath or swimming pool, water, ..

Safety at work protective cover (cardboard 2 mm), instructions for proper and safe use.

Keywords: wind, wind exploitation, air pressure, energy, ai resistance, average

EXECUTION OF THE ACTIVITY

REVIEW: causes of wind, air pressure, aif pressurs measurement, wind speed and diraction,
exploitation of the wind in the past and today (wind energy)

ANOUNCEMENT OF ACTIVITIES: Conversation about sailing boats: Where can we all see
sailboats? Does anyone know someone who can sail 2 boat? Has anyone already been ona
sailboat?

TAKE A LOOK OF THE VIDEO:
bitps:/wvwvw youtube comy/watch v=NIJFE] Yzi0g
bitps:/www. youtube.com/watchv=1QSRyN-TT:E

Conversation after viewing the video clip: What are the components of 2 boat? What is the sail,
el bull, mast? I talk about: the bull of the boat, the sail function (windmill and thus the
‘propulsion of the sailboat), the keel function (allowing directional navigation and stability), the
‘mast (the rod to which the sai is attached), .

MAIN PART - production of a sailboat

Tl ell the students that they will become enginers. Let us talk about what enginesring is who
the engineers are and whatis their job.

Tsay that a sailboat - 2 boat powered by the wind - will be made from various materials. The boat
will be produced in groups, each group will kave three members. Each group chooses ifs name
‘and chooses its logo.

A comversation about the criteria for making a boat (Annex 1).
Talso inform the students about the course where the boats will be tested and on the basis of the
tests we will record certain measurements.

Tintroduce students to the ENGINEERING DESIGN PROCESS cycle which they will follow

- 1 Chllenge The Age Wik STEAM. 1
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“when producing the sailboat.
The
Engineering
Design
Process
We will tak about each step:
1 ASK

‘What kind of vessel should we make? What are the limitations for the vessel? How big should the
vessel be? How do I design  solid vessel? What material should we use?

2 MAGINE
Give ideas for building 2 boat Consider the postive and negative views of exch of them Choose
the best solution.

3PLAN
Put the best idea on paper (appendix 3) and chose the necessary material

4.CREATE

Create the vessel according to your plan and testif it floats. Write down the measurements you get
when testing it. (Appendix 4).

SIMPROVE

Think about your solutions and considar whather you can successfully solve the problem. [fthe
‘problem is not solved, find a new way to improve your product and improve it.

In appendix 2, the groups draw out a plan for the sailboat, as well as the individual parts of the
vessel and the material used.

In appendix 3, the groups describe the working process of making the boat and put down the
‘members of the group who performed the individual task Group members can bave more than
ometask

They can use various materials they have available to make the sailboats. Then they will ry out
which boat is traveling the fastest The testing will determine which material (substance) is most
suitable for use in construction of the hull of the sailboat n which sai size is most appropriste.

T remind them to protect their work surface (the desk), that they use suitable tools (shears, a knife,

- 1 Chllenge The Age Wik STEAM. »
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3 drll 2 bole punch, 2 heated nal 2 mail, 2 screw) and 3 suitable glue (hot glue, gloe, scotch tape,
Mekol glue-for wood).

Thelp and guide them through the work process

When pupils build their sailboats, they test their performance i the prepared course. The boat
‘must pass the lensth of the entire pool by wind. Pupils produce the wind with movement or
‘waving A4 notebook. Each group must have at least 6 measurements, which are written in a chart
(Appendix 4). The chart records the time that the boat nseded to travel the pool. They also
calculate the average travel time of each individual boat on the course. Pupils also record the
dimensions of the individual parts of the boat and ifs weight.

In appendix 5, they graphically (in rows or columns) display the data obtained by measuring the
boat’ cruising time per course

CONCLUSION:

Each group presents itssailboat (appearance, material), the process of work and the results of the
‘meascrements.

Conversation: Are vessels functional? Doss the size of the sai affect the speed of the trp? How?
What was their speed? What would happen if the boat had sails too small” How did the material
for the bull affect the speed of the trip? How would they place (in ranking) i they had 2 hull made
of wood? Why? What findings can we derive from the results obtained Do we notice any
similarities, differences in distances? Howerer, the fimetioning of boats does not oaly differ in
spead. What else can they differentizte? Did you notice any differences? What could influsnce the
boat's ability to float on water?

We display our crations.

Appendix 1: Criteria for sailboat production

1. The boat should be made of materials that are available

2. The wind-powared-boat must look Lke 2 boat.

3. The boat must have all components of the boat - hull, mast, sail, and keel

4. The boat must float

5. The boat must travel a distance of __ cm by means of the artifically created wind.
6.1t s necessary to draw the appearance of the boat and materials that you will use.

7. The group must have its own name and logo that is seen on the boat

T Challnge The Age Wil STEAN »
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‘Name of the group.

Appendix 2: Plan (blueprint) of the sailboat

I Challnge The Age Wil STEAN
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Nanse of the group:

Talk 2bout the tasks St you nesd o 30 1o build 2 sailbcat Group members can have more than ons task. Writs dowa the work process.

Appendix 3: Task assortment and work process

- TASK

THE NAME OF THE MEMBER * Precie description of his her sk

"





image23.png
STEM Activity Book

Appendix 4: Measurements (length, mass, time)
Name of the group:.

1) MEASUREMENT OF THE LENGTH

length | width | height

PART OF THE SAILBOAT
bull
kel
Mast
Sail

) MEASUREMENT OF THE MASS
‘The mass (weight) of the sailboat is grams

©) MEASUREMENT OF THE TRAVEL TIME OF THE SAILBOAT
Sequentialmo of | L z A i s 03
the measurement
Time of tavel in
seconds sl s Ls [s [s L

Average time of travel time of the sailboat.

- 1Challenge The Age Wit STEAM
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Appendix 5: Data display
Name of the group:

Display the data you obtained by measuring the time the boat needad to travel with a bar or
column chart.

- I Calinge The se Wit STEAM
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1 Swing, You Swing
Lesson plan: Class: 9.2 ‘Subject: science and technology
Teacher- School: Tallinna Pofitehnikum, Estonia

Theme: THE PAST

Learning subject: Usage of slementary devices

ait: 1SWING, YOU SWING

Coals:

‘Pupils display the components of the pendulum swing (rack, pendulum, pivot and seat) and
seesaws.

+ Pupils build 2 swing model, they test it and evaluate it

+ They meet and use 2 robotic kit in conjunction with a computer and programs.
« They develop skills in practical work

+ They assess the suitabilify of the fnished product

« They participate in team work, assume tasks and responsibilities.

+ They learn from their own experiences and the experiences of ofhers.

+ They realize the process of engineering in practice.

‘Learning methods: verbal textual - explanation, mnmm,nzmbn,hmmg, reporting,
graphic work, reading, writing, cbserving, drawing, measuring, ..

demonstrative illustrative - displaying or demonstrating
experimenta] - experimenting
experiential leaming - play, practical work

Teaching forms: frontal, individual, group

‘Learning aids | resources: robotic kit, lsptops, sttachments, paper, pens, workbook | 102, 103

NEW TERMS(expressions): dizijn -2 m (3) architect (eng: design, n). giving shape to the
subject by taking into account the coberence between functionality, aesthetics and the
technological process, (industnal) design

EXECUTION OF THE CLASS

+ Tha students will raceive 2 simple task with only their pens and 2 notabook:
TASK: Draw a swing. (Additional questions are not possible, they work independently )

- I Chalsnge Toe Age With STEAM.
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Translation of pictares: Vrtie- pivot, nibajni drog- pendulum rod, sedalo-seat, stojalo-support
pillar; rodica-lever, nibajna deska - seat

They will take 2 look at the pictures of a swing and a seesaw.

They will name their swing and with the help of PICTURES (see above!), they will write down.
the components of their own swing.

By the lift of their hands, we will check who will have selected the swing and who the seesaw.

‘We will invite a student who will have chosen the pendulum swing. He/She will draw the
swing, and together we will name the components of the swing.

With another pupil in 2 similar way, we wil drav 2 seesaw and name the components.

We will then know the components!

Activity: Craate your own seesaw

‘We will challenge the pupils to assemble their seesaw with accessories in their pencil case
(ruler, pencil, eraser, pencil ).

- I Chalsnge Toe Age With STEAM.
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“An item is in balance when it is stationary or moves evenly. The seesaw is in the equilibrium
‘position when the pivoting board is in 2 horizontal position.

We will demonstrate the balance of 2 seesaw with a ruler and 2 rubber functioning as the pivot.

Graph picture

Teacher: But who or what was needed to create the first swing in the world? (A glimpse of 2
clear mind, 2 creative idea and the realization of that idea!). The idea alone is never encush!
The knowledge nd the exacution are necessary (technical, caleulation, scientific, enginsering,
software ). However, the final product s 2 long way to g0 2nd before we finalize the product
2 close cooperation of experts from very different fields is required!

Now, let’s get to know the “rules” and the structure of the collaboration of an enginsering team
that wants to create 2 new product.

The
Engineering
Design
Process

Diagram 1- The Engineering Design Process

ASK/2.IMAGINE/ 3. PLAN/ 4. CREATE / 5. IMPROVE

Teacher: Introduces individual elements. Could you find any points within this diagram, that
‘you have already performed in your first task? Could your swing / sketch / product be improved
o the basis of our analysis of all our swings? Now, we'll make swings in  slightly different
way! (Surprise: The robot kits) Note ~ The majority of students from this generation has not
‘yet dealt with a robot kit. For that reason we determine the assistants, students who participate
in a class of robotics who will assume the role of “robotics engineers’” in 2 particular group!)

- I Chalsnge Toe Age With STEAM.
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INSTRUCTIONS Let's assemble groups (3-4), THIS TIMETHE THE LEADERS OF THE
GROUPS CHOOSE THEIR TEAMMATES!

The group (formed in any chosen way) consists of:
1. LEADER - this time 2 robotics engineer

2. "SKETCHER" —

3."CALCULATION TECHNICIAN" —
4."APERSON FOR ALL"—

1. Task - Each group gets 2 table (APPENDIYX. 1), whare they define the NAME of the group,
its MEMBERS and their tasks. Each member can have more responsibilities!

MAIN TASK: Assemble a pendulum swing (additional task — which will “run on its own"),
which will be large enough for a test dummie

The task of the group is to g0 through the whole process - the first four points of the diagram (+
the fifth togther), each step must also be documented (the team leader has the knowledze -
they can take 2 photo o make a short movie - 3 camera on 2 laptop in the robot application)!
For each point of the diagram, 2 (limited) time will be set, each group will independently
control the time spext! The final time is determined (the teacher wamns them one minute before
the end), which will mark the beginning of the final meeting at the fith point - presentations
and a joint analysis (selection of the best swing) and evaluation.

Let's emphasize that we are currently more interested in the process of work, planning,
cooperation rather than the end product! We learn to creatively co-create, to receive a different
opinion and to leam from experiments and mistakes! Research, engineering and science are
FUN, and at the same time they expect us to use the acquired knowledge, imagination and
creativity!

MATERIAL

A set of robots, a computer with software (for subsequent projects they learm how to comnect
the computer to 2 robot), 2 copy of DIAGRAM 1, sheet APPENDIX 1 (lst for group name,

‘members, tasks, ), APPENDIX 2 (sheet for sketches and calculations, for the further projects
the necessary data will be determined more specifically - e.g. materials, dimensions, prices, .),

When analysing at the end of the class, students will also focus on thinking about whether or
not WE HAVE.

-  Cunlenge Toe Age Wi STEAN n
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- Asked questions and defined the problem? - How much is our task today related to science?
Are products produced in the world in 2 similar way? Is our swing safe? Have you thought
about this? Would you like to ask a question (any members of other groups)? How do you feel
about working in 2 group, about other members, would you like to be elsewhere, were you able
apply your ideas and suggestions, do you know how to technically carry out your ideas? Would
‘you ike to work more in a similar way, would you want to play a different role, for example,
the leader?

- learmed, developed and used the modal of work process? - Or could t also be used for
example for manufscture of 2 vehicle?

- planned and developed existing products, which these i fact were not? In the morning, did
‘you think you would make 2 swing todzy?

- Analysed and interpreted data? Measurements, data from other groups,

- used mathematical knowledge and thinking? Measurements, spatial features, sketches,

- Record / save data and design solutions? Sheets and archives of the workflow on laptops.
- Expressed arguments regarding conceptual designs and finished products? Joint analysis.

- Evaluated the acquired information? Have you learnt something new? Would you know how
to use this knowledge yourself, in a different group?

‘Homework: workbook, pg. 102/N1.2. and pg. 103/ N1.
Additional taske

- I Chllangs The ge Wit STEAM
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“» e malle s

Iﬂm.......,.......-__ I ‘

Naslednjo uro prinesi: Naravoslovno fkatlo ter plastini pokrovéek, plastelin in vrvico.

ACTIVITY:
Things you need:

Waste packaging materials (plastic bottles, plastic yoghurt cups, bigger plastic containers for detergents,
cardboard, wooden sticks),

Scissors
Stanley knife
‘Hot glue gun.
glue

Translation from the yellow box above:
Instructions:
Plan 2 pendulum swing; use only waste materials. Draw a sketch of the swing on your own and make it.

Plan: Work process:
Bring to our next class: The box fort his subject (nature studies), 2 plastic cup, play-doh and a string

- T Chalngs The Age Vi STEAN P
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Lesson plan: Class: 9.2 ‘Subject: science and technology

Teacher: ‘School: Meviana Anadols Tam Hatip Lisest
Antalya

Theme: THE PAST

Learning subject: Usage of elementary devices

Unit: MAKE YOUR OWN SWING- technique (arts class)

Coals:

+ Students build a swing model, test it and evaluate it
+ Develop skills in practical work.

+ Assess the suitability of the finished product.

« Read the plan and apply it.

‘TLearning methods: verbal textual - explanation, conversation, narration, listening, reporting, graphic
work, reading, writing, observing
demonstrative illustrative - displaying or demonstrating

experimental - experimenting

Teaching forms: frontal individual, group, in pairs

Learning aids / resources: textbook/99, workbook/104, boards, dowels, sticks, thinner wire, twine,
play-doh
Tools: drilling machine, saw, grinding paper, pliers

EXECUTION OF THE CLASS

+ Familiarizs the pupils with safe work in the workshop. Pupils aftend fo their hair (Bave i i 2 pony-
tale), pull their slaeves up, prepare and protect the work area .
« The textbook, p. 99 or woorkbook, p. 104
- Chack their homework. Each student should kave 2 marking on their wooden board for drilling
2nd sawing. Chack the accuracy of the marking. Warn the pupils sbout possible errors and make
sure they correct them before they start drlling or sawing. Peer-to-peer help is also very welcome at
this point
- The pupils are divided into two sroups
The first group in the workshop drill holes. Pupils who have done their homework flawlessly
should be in this group.
The second group continues the work according to the instructions from the textbook. Wrap the
‘plastic cap carefully and accurately with 2 thin wire. They corract any possible errors in their
homenork.
‘When the first sroup finishes drilling holes, they contimu their work according to instructions from
the textbook. Wrap the plastic cap carefully and accurataly with 2 thin wire. The second group goss
to the workshop to drill holes.

All boles in the board are sanded with sanding paper. Then we start sawing the board ina U -
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shape
~We distribute dowels or short wooden sticks (6mum) and play-doh to the pupils. We show them 2

image (see attachment) of the finished product. Pupils independently complete the product.
~ Togather we take a look at the manufactured swings and comment on their execution.

‘Homework: Textbook, p. 100, one activity.

Important: Pupils save the stopper wrapped with 2 wire because they will need it when they build an
elevator model.

A picture of the finished swing.

- I Challengs The Age Wit STEAM =
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Electrical Circuit - Serial Connection

Lesson Plan 9th Crade Subject | Concepts: Time: § hours
Electrical circuit elements _course sessions
Teacher: ‘School: Hayme Ana Anadolu Kiz Anadolu lmam
Hatip Lisesi, Antalya
STEM
Disciplines OBJECTIVES
Science Stdents;
~show the elements in an electrical circuit with symbols.
~construct an electrical circuits drawn by themselves.
~test and predict the variables that affect bulb brightness in an electrical circuit.
Math Stadents:
collects the data related to the research questions and shows them with frequency table
and column graph.
Engineering,
Technology | -Define the criteria and constraints of 2 design problem with sufficient precision to
and ensure a successful solution, taking into account relevant scientific principles and
Application | potential impacts on people and the natural environment that may limit possible
of Science | solutions.
ETS) ~Evaluste competing design solutions using 2 systematic process to dstermine how well
they meet the criteria and constraints of the problem.
~Develop a model to generate data for iterative testing and modifieation of a proposed
object, tool, or process such that an optimal design can be achieved.
-Advances and innovations in medical technologies are used to improve healthcare.
STEM
career “Electrical Engineer:
awareness | An electrical engineer is someone who designs and develops new electrical systems,
solves problems and tests equipment.
Key Words | Electrical circuits, serial connection
Connection
with Nature | Scientific Knowledge is Based on Empirical Evidence
of Science | Science knowledge is based upon logical connections between evidence amd
explanations
- I Challnge The Age Wit STEAM )
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STUDENT MODULE

Led Jewellery Design Task

Experts advise to pedestrians to wear phosphorous clothing during night walks or camy a light source
such as a flashlight for protection from traffic accidents. However, it is always not always possible to
wear phosphorescent clothing or to camry a light source with us. For this reason,  company working in
the fashion sector dacided to organize 2 design competition in order to eliminate the possible traffic
accidents. An award will be given to those selected among the wristbands designed with LED lights.
However, due to the increasing enerzy nesds and environmental problems, the company has stated that
especially designs should consume low energy.

Thersfors, it is racommended to use LED bulbs for low energy consumption lighting. LED bulbs provide
90% energy saving at least four times longer than filament bulbs. Dus to these features, LED bulbs are
often used for lighting, advertising, Jewellery nd 50 on.

You will participate in the designing 2 jewellery competition with your team. Please examine the
competition specifications below carefully to create your designs.

Competition specifications
1- You can use up to 5 LED bulbs and 2 batteries and battery slots in your designs.
2- Your designs should be aesthetic, functional, easy to use, durable.

3- Your total budget is 15 liras.

4- Your designs should be attractive and aesthetic.

You will complete your design within two hours. The bracelets you create will be given 2 presentation
time of 10 minutes. You should explain how the electrical circuit in your presentation works by using
cireuit symbols. You must also persuade the company authorites to choose your design.

‘You will use the following engineering design process while performing your design task.

- T Chalngs The Age Vi STEAN =
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After carefully reading your design task, il in the following table. -

Define the Problem’ Needs

What did you learn from the scenario

What did you understand from the text! Which sentence i you coma up
with in the text?

What s the problem/design task”

What are the criterions for dasign.

task?

What are the constraints for
design task?

Wt are the rules of the
competition”
‘Who are the last users/clients of
What T learat?
(Answer ater completed the
designtask)
- {Cuslenge The Age Wit STEAM =




image36.png
STEM Activity Book

Install a Simple Electrical Circuit

2Research

Activity-1

Materials
Battery, battery holder, bulb, bulb holder, switch and conductive wire.

Installthe electrical circuits by using the tools that are distributed to you and write the tasks of the circuit
elements (battery, bulb, switch, lamp holder, battery compartment) you use in the circuit below.

An example of a simple electrical circuit

PREDICT- OBSERVE- EXPLAIN

Deactivate/remove
Predict what the circuit What is the function of the
Name of the circuit | happens if the circuit | element. circuit element?
element elementis Explain depending on your
deactivated/removed. | What haveyou [ observation.
observed?

Battary

Conducting wire

Switch

‘Bulb Holder

Battery Holder

- T Chalngs The Age Vi STEAN %
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2 Research
possible
solution

Activity-2 Circuit Components and Symbols

When engineers draw electrical circuits schema, they show them with various symbols instead
of drawing or picturize the circuit element

Circuit Element Symbol Why do electrcal engineers use these symbols in
schema
Batery | —I|—
y X
Bub
Conducting wire
Open
switch
—_—
Closed
switch.
——
Show the simple circuit with symbols
[ Draw 2 electrical crcuit shown n the figwrs
with the symbols.

|

I Challengs The Age Wit STEAM 5
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i experiment-3

How Can I Change the Bulb Brightness?

1. More than one BULB can be connected to an electrical circuit.
Materials:

3 identical bulbs, 2 identical batteriss, 2 battery holds, 2 switches, 7 connection cables (2 of the cables are
short for 2nd circuit and | short for equivalent eircuit with 2 short wires)

Install the following circuits with your kit.

Draw the circuits shown above with symbols in the section left blank below

Research Question: How does the mumber of bulbs in 2 simple electrical circuit affect the brightness of
the bulb?
Your hypothesis:

Fixed varizbles

Independent variables
Dependent variables

‘What bave you observed? Are the bulbs brightness in both circuits different?

16 the bulb brightness is different, what is the reason of this differences” Please explain.

- I Challenge Tha Age Wik STEAM. B
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2 Research
bie
2. More than one BATTERY can be connected to an electrical circuit. -

Materiaks: 2 identical bulbs, 3 identical batteries, 2 battery holders, 2 switches, 6 connection cables

Install the electrical circuits shown with the symbols below with your kit

& &

Research Question: How does increasing of the number of batteries in  simple electrical circuit affect
the brightness of the bulb?

Your bypothesis:

Fixed variables

Independent variables
Dependent variables

‘What bave you observed? Are the bulbs brightness in both circuits different?

1 the bulb brightness is differant, whiat is the reason of this differences? Please explain.

- I Challengs The Age Wit STEAM »
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Draw the column graphs using the data that you have collected from the experiments

‘Brighmess of the bulb Brighmess of the bulb

-

‘Number of bulb ‘Number of batiery

Activity-4

Creating a Simple Electrical Circuit with Lily-pad Circuit Components
(Lilly-pad)

Circuit elements to be used in Lilypad electrical circuit
Lilypad coin battery slot. Coin battery

0 ‘The coin is the circuit element
in which the battery is placed
and at the same time the switch
is located.
| Libpad LED

=

Materials

2pes LED bulb, 30cm conductive thread,

battery and its slot

Felting, sewing needle :

Sample of seria circuit

T Challenge The Age Wik STEAM w©
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Read the enginsering design task again. You will apply the scientific knowledge that
you bave leamed up to this stage for your enginsering design task.

BLUEPRINT

Consider the answers the following questions by drawing your sketch below.

* What kind of materials will you use on which part of the bracelet?
* What problem will the designed bracelet solve?

Calculate the total cost for your prototype.

‘The cost of Product.

- I Chllangs The ge Wit STEAM
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- BEST SOLUTION PROPOSAL
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DECISION MAKING -

Which solution that you decide to apphy?

Why did you decide on solution?

What improvements can be made in the solution proposal that you have chosen’

Planned improvements

‘Expected benefits

I Crallngs The ge Wi STERM
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‘What is the final decision for design solution? How did you decide on this solution? Explain
please!

- 1 Challenge The Age With STEAM.
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Team Name: ..

BLUEPRINT
Draw a blueprint about your design/prototype. Answwer the questions about your design

* What materials will you use in which part of your design/prototype? Please label each part
* Please show the real dimensions in each part of your design/prototype on your blusprint

- I Challenge The ge Wi STERM
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‘ou are goin to build your model/ prototype with your team at this stage.

Test your prototype

Complete the follorwing table about your design

Checkist for your desizn Yo T

Doss your bracelet work?

Fave you used 5 or less than 3 LED?

youusad up to 2 batteries and
battery slots?

liras?_

Could you build your protofype i
time?

Do you think your prototype was successfal? Please explain

- T Challnge Toe Age W STEAN
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‘Write  conviacing letter o the compay that you should choose your bracelet

- I Challengs The Age With STEAM
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Create 2 10-minute presentation with your team and inform the jury about your design. Remember that your
‘presentation is very important in selecting or eliminating your design. At the end of the presentation, you will
receive an evaluation letter from the company officials.

‘Please pay attention to the following points when planning and presenting your presentation.
What is the problem  big design task?

+ Explain the problem clearly

« Specifyy what are the restrictions and criteria for the problem

* Does your design mest these criteria? Are the restrictions complied”

+ Please describe what kind of scientific information you were needed to solve this problem and how
did you use it in your design?

1. Whiat inspired you to use in your design?

2. Which one of your possible solution suggestions did you choose? Why did you choose this solution”

3. What problem does your design sobved? How your design solved this problers? What kind of daa that you
were used while building your car?

4. Can you show your data and conclusion through mathematical calculations?

5. How did you test your solutions? What kind of data did you obtain when testing? How did you improve
‘your solution using this data?

- I Challngs The ge Wi STERM -
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Redesign your prototype.

Inthe light of the lette that you were sent to You by the company, identify how o improve your desigas by
complting the deficiencies..

Deficiencies in your Design

Tmprovements to address the deficiencies

- I Crallngs The ge Wi STERM “
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Introduction

In recent years, many studies have highlighted an alamming decline in young people’s interest in for STEM.
(Seience, Technology, Engineering and Math) subjects. Therefore, we must consider how science education
can mest youn people's needs and howw it can be meaningful and joyful for the students

With this idea in mind, 2 group of five schools in different European countries decided to apply to the
Erasmus+ program for strategic partnerships in the 2017 call, under the key action KA2 Cooperation for
‘Inmovation and the Exchange of Good Practices - KA219 Strategic Partnership for Schools Only.

“The Project " T Challenge Age With Stcam” was approved in the summer of 2017 and had duration of two
years. Ttinvolved students from 9¢h, 10th, 11¢h, 12th grade from all partner schools (see the list above)

‘The main zim of the projsct was to make science and math education more relevant and meaningful for the
students in the ways of respect, beliefs and cultural diversity. European Commission aimed to strength “basic:
skills” and “key compatences” in EU member states for sustainable development and educational growth. In
the line of this strategy, regardlass of background and abilities of the children, we aimed to improve our
children's “basic skills” as literacy, numeracy, science, and technology and “key competences” such a5
Iemowlade, skills, and attitudes that will help learmers to find personal fulfillment and, laterin lfe, find work
and take part in society.

Besides the aims implied above, our project have also contributed to improve students’ and teachers’
competences s stated below:

« Tmprove atitudes toward STEM felds and careers;

* Engage and support girls in STEM fields;

+ Make students excited nd entinusizstc about the natural world, learning sbout ecology and
Protacting the exvironment;

* Tmprove teacher competences and increase their awareness on children needs and overcome
difficulties in learning science;

* Broaden the understanding of practices, policies and systems in school education;

* Increase opportumities for profassional career development;

*  Greater understanding of interconnections between formal and non-formal education

* Makea positive impact on our wider school communities.
During the Project, we have investigated how students, parents and teachers are engaged and affected by
science in everyday life. We have exchanged our experience and good practices, while organized STEM
activities in a formal and informal environment, such as camping in nature, visited museums and aquariums,

‘prepared slownmation (slow amimation) about science subjects, organize 2 science fair and robot festival,
created a women scientist book, Led jewellery workshops nd staged 2 play.

- T Challnge Toe Age W STEAN .
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One of the many activities that were carried out during the project, was the creation of lesson plans, activity
plans or wnit plans for STEM related subjects in each partner school. This book is the result of the final
compilation of all the activities from all schools. It reflects not only the different curricular areas coverad in
each educational school system, but also the pedagogical approach in each country, as well as the cultural
context and the school environment that is implicitly reflacted in the activites.

You can learn more about the project activities in the project website and in the eTwvimning Twin space:

« bitps?/erasmus-stem weebly com
« bitps?/twinspace etwinning net 19533

Partner schools
1l Liceum Ogélnokszlalcqce im. Juliusza Ligonia Poland
w Chorzowie
MEVLANA ANADOLU IMAM HATIP LISESI Turkey
Ogres Valsts gimnazija Latvia
Tallinna Poldtehnikum Estonia

20 GENIKO LYKEIO NEAS IONIAS MAGNISIAS ~ Greece

HAYME ANA KIZ ANADOLU IMAM HATIP Turke
LISESI o
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